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A  fiiw*gmiiied  hone-stone  med  .  pods.   Zt  ga  (Chem.  Zoit.  laoO,  24,  871)  foond 
with   il  f  r  hli  uyH  iiing  edged  tools.    The  moat  i  ak  thp.  RVfnLgtk     4  wwiyntia 
odebrut^  18  thu  Turkey  oilstoue,  an  eitre^  Prot^ln         N-freeeitowt  Plbre  A»h 

Bard  and  oompaot  material,  obtained  in  the  in- 1    80*7      4«2     0*4      12*1  1-2  1*4 

tenor  of  Asia  Minor.  nnrJ  rxpnrtcd  from  Smyrna. 


It  contains  70-76  p.o.  siiica,  20-25  p.c.  calcium 
carbonate,  and  a  little  alumina.  Two  varietiee 
we  leoogniaed,  the  white  and  the  black,  the 
latter  lieing  slightly  the  harder.  In  thia 
country  the  Charley  Fonist  stone  1)  is  rJitamed 
great  repute  as  an  oilstone  for  whetting  tools 
and  penJoiives.  It  is  a  flne-grained,  widous, 
sl.%ty  rock,  worki'd  at  Whittle  Hill  in  Cham  wood 
Forest,  liGicestcrshire.  The  Welsh  oilstono  ia  a 
somewhat  similar  material,  from  near  Llyn  Idwal 
in  North  Wales,  whilst  the  Devonsiiire  oilstones 
are  obtained  from  the  neighbourhuod  of  Tavi- 
stoc  k.  Several  kinds  of  oustone  are  worked  in 
the  United  States.  The  ArkanHas  stone  is  a 
oompaot  or  fine-grained  rook  of  Unish^white 
colour,  used  for  delicate  instruments,  li!:  tliose 
of  surgeons  and  watchmakers.  iSuuiewhat 
sinulM;  but  more  abundantv  is  the  Washita  oil- 
stone, a  whito,  opaque  stone  Tif*ed  chiefly  by 
carpeatc-rs,  from  the  Washita  (or  Ouachita) 
Rirer,  Arkansas.  The  name  '  novae  ulitc '  is  also 
rapUed  to  the  Arksnsas  and  Washita  stones. 
Their  material  oonsiirtB  almost  entirely  of 
dialcedonic  silica  (99-5  p.c). 

In  preparing  oilstones  for  use,  the  rough 
l^eees  arc  out  into  regular  shapes  on  the  jjapi- 
d.ary'.'j  wheel,  fed  with  diamond  powder,  .nnd  arc 
rubbed  smooth  with  i«and  or  emery  on  an  iron 
plate.  jEko  slab  of  stone  is  in  some  oases 
cemented  to  a  wooden  base,  by  means  of  putty. 
Some  of  the  stones  are  used  not  only  for  sharpen 


According  to  American  analyses  (Bull.  28,  17.8. 
Dept.  of  Afjrio.  1899),  the  edible  portion  of  the 
poos,  U6cd  largely  as  a  vegetable  in  America, 
is  much  more  watery,  as  shown  by  the  fbUoving 

figures : — 

Water  Protein  Fat  X-lree  extract  Crude  fibre  Ash 
90-2      1-6     02  4*0  3*4  0«« 

whilst,  according  to  the  same  authority,  canned 
okra  contains — 


Water  Protein 
94-4  0-7 


Fat 

0-1 


1-2 


N-f:oc  extract  OlttdS 

2-9  0-7 
{v.  also  Tiaslfv,   Anitr.  Chcm.  J.   1893,  14, 
685)  H.  I. 

OLD  FUSTIC  is  the  wood  of  a  trse  Icnown 
as  the  Chlorofhom  Undoria  (Gaudloh),  pre- 
vioualy  called  Morns  (indoria  (Linn.)  which 
occutH  wild  in  different  tropical  regions.  The 
tree  frequently  grows  to  a  height  of  orer  60 
feet,  is  exported  in  the  f  irm  of  logs,  sawn 
iitraight  at  both  ends,  and  usually  deprived  of 
the  bark.  The  best  qualities  of  old  fustic  come 
from  Caba  and  the  pooisr  from  Jamaioa  and 
BnuriL  It  is  at  the  present  time  used  Teiy 
largely,  and,  together  with  logwood,  is  the  most 
important  ui  the  natural  dyestullB. 

The  colouring  matters  of  dd  fustic  wers 
(ir.^  inv-estipited  by  Chevreul  ('L<><;on.s  de  chiniie 
appliqute  a  la  teinture,  XL  160),  who  described 
two  substances,  one  spadn^y  sohihie  in  water, 
called  faortft,  and  a  second  somewhat  more 
readily  soluble.   Wagner  (J.  pr.  Chcm.  [i.]  61. 


in;^'  tools,  hut  for  finishing  turned  and  planed  I  82)  tinned  the  latter  morilannic  add,  and 
surfaces  of  metal  work.  Oilstone  powder  is  ^so  1  considered  that  it  {Msaessed  the  same  percentage 
employed  for  grinding  the  bnsB  fittings      |  composition  as  monn.   ™— *  — "  - 


matiiemafical  instruments  fi'.  R.  Knight,  Trans. 
80C  Arts,  50,  23.}  ;  C.  floUzapflel,  'l\irning,  vol. 
3,  1081 ;  and  G.  P.  Merrill,  Tlui  N-.n-metallic 
MinenOs^  2nd  edit.,  1910:  v.  also  Whetstones). 

K  W.  R, 

OKRA,  also  cjillfd  gnmlKi;    //i'';i.vr?/v  c/tCU- 

ttniu*  (Linn.),  an  annual  plant  bearing  edible  1  oolouring  matter  from  old  lusUo  a  boiling  extract 
Y€fL.  TV*^T.  B 


Hiasiwetz  and  Ffsnndler 

(Annalcn,  127.  ^51),  on  the  other  hand,  found 
that  the  so-called  raoritannic  acid  waa  uut  au 
acid,  and  as  moreover  its  composition  and 
properties  were  quite  distinct  from  those  of 
morin,  they  gave  it  the  name  '  Maclurin.' 

Morin    C,  jH,„0..2HjO.     T*.   it*oiato  '  this 
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of  the  rasped  wood  is  feMftted  with  a  little  acetic  |  m.p.  258*.   According  to  Perkin  and  BaUieh, 

acid  and  then  with  lead  acetate  solution.  This  this  latter  comi>nnnd  ia  more  aiinply  j^rcparf^d 
causes  the  precipitation  of  the  morin  in  the  form  by  the  direct  broiuination  of  morin  sutijKiudcd 
of  its  yellow  lead  <  ompound,  whereas  the  main  in  acetic  acid. 

bulk  of  the  maclurin  ramaiiu  in  aolution.  Tke  i  Monn  forma  few  crratalline  denvatives.  By 
wasl^ed  precipitate  in  the  form  of  a  thin  cream  '  the  action  of  acetie  anhydride,  acoording  to  the 


is  run  into  boiling  dilute  sulphuric  acUl,  and  the 
hot  liquid,  after  decantation  from  the  lead 
Bolpbato,  is  allowed  to  Htand.  Crystals  of  crude 
morin  arc  tjradually  deposited,  and  a  furtlier 
quantity  can  be  isolated  from  the  acid  iiulution 
by  means  of  ether.  During  the  preparation  of 
commercial  fustic  extractjthe  solution  on  stand- 
ing, or  the  eottCMitrated  extract  itseJf,  deposits, 
.IS  a  riilf,  a  bniwnish-yollow  powdr-r,  which  coii- 
Hists  principally  oi  a  mixture  of  luorai  and  ha 
calcium  salt,  and  this  foimB  the  best  source  for 
the  preparatiiin  of  larpc  qtiaiitilics  of  the  colour- 
ing luaLtor.  The  pruduct  is  digested  with  a 
little  boiling  dilute  nydrochloric  acid  to  decom- 
pose the  CAloium  oompoaod,  extracted .  with 
hot  nloohol,  and  the  extract  evaporated.  CirstalB 
of  miiriu  separate  (Ui  standijiL;.  and  a  further 
quantity  can  be  isolated  bj  the  cautious  addition 
of  a  little  boiling  water  to  the  mixture. 

Crude  mnrin  ran  ho  partially  purified  by 
crystallisation  from  dilute  alcuiiui  ur  dilute 
aoetio  aoid*  but  the  pro<luct  usually  contains  a 
trace  of  maolorin.  To  remove  the  latter  the 
iinely  powdered  substance  is  treated  in  the 
presence  of  n  little  boiling  acetic  acid  with 


Usual  methods,  a  colourless  amorphous  pruciuet 
results,. and  a  crystalline  peotaoetjimorin  haa 
not  yet  been  pApared.  Odid  acetio  anhydride, 
however,  converts  the  monopotassium  saJt  of 
the  colouring  luatttr  into  tctra-acdyl  morin 
C,jH,0,(C,H,0)^,  colourless  prismatic  needlee, 
in.  p.  142°- 146'',  but  this  on  further  aoetyJation 
gives  an  amorphoos  oomponnd. 

Tetrabruninnioriu,  nii  the  other  liand.  yields 
a  penta-aeeiyl  derivative  (Bablich  and  iVrkin) 
C„HBr40,(C,H30).,  colourless  neetUes,  192°- 
IW,  and  it  was  8unse«jucnth  found  by  Hcrzig 
that  tetrabromomorin  ethyl  ether  yields  tho 
compocmd  C,,HBr407Et(C,HiO)«,  m.p.  116*"- 

l2o^ 

By  fusion  with  alkali  morin  gixes  phJloro* 
ijlucinol  (H.  and  P.),  and  rMorcinol  (15.  and  H.), 
whereas  in  this  maimer  Bablioh  and  Per  kin 
isolatsd  $-remrcylie  acid.  When  methylated 
with  mpfh\l  iodide  morin  tctramethyl  ether 
C,5H,0,(OCUa)4  (B.  and  P.),  vellow  needles, 
m.p.  131"'-132'',  is  produced,  but  is  isolated 
with  difficulty,  and  from  this  compound  vrith 
alcoholic  potash  a  yellow  potassium  salt,  readily 
decomposed   by   water,  i.s   olitairieil.  Mono- 


fuming  hydrobromic  acid  (or  hydrochloric  acid),  acetyUkrameihulmorin  C,,H,C),(tiCH,)4C,U,0, 
which  precipitates  the  morhi  as  hak^n  salt,  oolouriess  neecUes,  melts  at  167° 


whereas  the  maclurin  retnams  in  solution 
(liablich  and  Perkin,  Chem.  Soc.  Trous.  181^0,  09, 
792).  The  crystals  are  «oUeetod,  washed  with 
acetic  acid,  deoomponed  by  water,  and  the 
regenerated  morin  crystallised  from  dilute 
alcohol. 

Morin  crystallises  in  colourless  needles 
(B.  and  P.),  rmdily  soluble  in  boiling  alcohol, 

soluble  in  dkaline  solutions  v^ith  a  yellow 
colour.   Lead  acetate  solution  gives  a  bright 


Morin  trtraftJi'il  rthcr  C,sH,0,(Or,Hj)< 
(Perkin  and  Phipps,  Chem.  Soc.  Trans.  190*, 
85,  61).  yellow  needles.  m.pw  1S6M28^  and 
aut^tnoriniefrtif  lli/l  ether 

C,5H,03(OC,H5)4CsH,0. 

colourless  needles,  m.p.  12P-123%  ouuld  only 
be  prepared  in  small  quantity. 

When  morin  tcirametht/l  cthfr  i.s  hydroly.««><l 
with  alcoholic  potash  ^  rr^rcyUc  acid  dimethyl 


orangC'CoIoured  precipitate  and  fetric  chloride  i  ethrr,  and  phhroglucittohnonomethyl  ether  are 


an  olive -i>;recn  colouration. 

Loi.wo  (Zeitsch.  anal.  Chem.  14,  112)  was 
the  first  to  assign  to  niorin  the  formula  C,5H,<,()j. 
and  that  this  was  correct  was  shown  by  the 
analysis  of  its  oompounds  witb  mineral  acids 
(Perkin  and  Pate,  Chom.  Soc.  Trans.  1895,  67, 
649).  The  hydrochloride,  hydrobromide,  an<l 
AsfdfMNltds  ace  obtained  in  orange-rolnured 
needles,  and  posscKs  the  formulcR  C,  jH-nOj-Hd, 
C,jH,oO.HBr,  and  (\,H,„0,HI,  but  the 
sulphuric  acid  compotind.  known  as  iiiilii/'lrt>- 
morin  tulphate  C.4UcOg-U^U4,  orangc-red 
needles,  is  of  an  abnormal  ehaiaeter.  Mono- 
potassium  morin  CijIIgO-K,  yellow  nredirs, 
monosoditini  morin  C ^f)\^OfT^&,»\(ignesium  morin 
(Ci^H»0.),Mt?,  orange-yeBow  needles,  an<l 
haruim  morin  C',  .,Hi)0.).^Ba,  orange  orvHtallinc 
powder,  have  ulio  been  prepared  (Perkin, 
Chem.  Soc.  Trans.  1899,  75,  437). 

When  an  alcoholic  solution  of  morin  is 
treated  with  bromine  (Benedikt  and  Haxura, 
.Mnriat'^h.  .'">.  n()7  ;  III  iziw.  fz  and  Pf  itinrllrr,  .T. 
1864,  557)  it  is  converted  uito  lilmbrom-nu/rin 
etM  C,,H,Hr«(),Et.2HjO,  colourlcH.s 

needle!*,  m.p.  155''  (llor/1-.  Moii;it.h.  HHJ), 
and  this  uhrn  digested  with  .-'..aruiou.-.  chloride 
hvtlrocKloric  acid  gives  (efrahromo-morin 


produced.  l?tli!i  h  and  Perkin  assigned  to 
nioria  tho  couMtiiuiion  of  a  pcntohydroxjffiawiut 
( tetrahydroxyflaTono}) — 


OH 


OH 


COH 


bit 


>0H 


am 


CigUeBr^Or  (B.  and  H.),  colourless  needles, 


and  that  this  formula  correctly  represents  the 

substance,  ha^t  been  proved  by  its  synthciis 
(Kostanecki,  Lampe  and  Tambnr,  ik'r.  liKlf), 
39, 025),  and  also  by  the  investigation  of  Herzig 
and  Hofmann  (Hct.  ltH)9,  42",  155).  It  has 
been  shown  by  the  latter  chemi.sl.s  that  when 
morin  is  metkylated  by  mesn.'*  <d  inethvl  sul- 
ph'itc  morin  pcntwneihyl  ether  C]tU»Oa(OCH«)5, 
needles,   m.p.    lf)4°-167*,  can  be  produeed. 

Tins  <  ompound  is  hv  lr  .lysed  with  iHiiling 
alcoholic  potash  into  ^  roiorcylic  acid  diimlhyl 
ether  (1),  and  fiM  irimdk^  ether  (1) 

QlTBBCBTlN  and  FiSKllN) — 

ocif,''^— OH  cooii:^  ■  OCH, 

(1)       -cx)-<;h,och,  (2) 

the  latter  being  identical  with  the  com|M)Uud 
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obtained  in  a  similar  way  frum  quercctin 
pontamethyl  ether. 

Kostaneoki,  Lampe  and  Tombor  (Ber.  ISOOp 
39,  «i2r>)  hftTQ  iiyiitaeN«ed  morin  by  raustiom 
aimilnr  to  those  fmitulservicctiblc  in  thu  artificial 
preparation  of  iiaetiu  and  quercetin  {lee  YouKQ 
rusTio  andQusR0iTB05  BABX),  bttt  ilk  this  OMe 
the  formation  of  the  flavnnnno  did  not  pro- 
ceed smoothJy  and  only  a  email  quantity  could 
be  prepared.  The  synmutB  i»  iDtiitan^  by  the 
following  lonnula^ 

OCR, 

CH.Oj^.--OH  CH'-^yOCEn 

{    '-CO— CH 

bcH, 

OCH, 

I  ;  .in. 

13;2':4'-ietnuDoUuayflavanoae. 

OCH, 


CH,0  ^ 
a<lMMiMnio*ldl:Sf:4''-tetnuDethoxyflavaiioi)e. 

OCH, 


and  tho  sulutioa  is  treated  with  sulphuretted 
hydrogen.  Tho  clear  liquid  is  now  much  leM 
«troii||^y  ooloored*  Mid  after  repeating  the  opeia> 
tioa  (wo  or  three  tiaaa,  the  naclurin,  which 
crystallises  out  on  eteadiiig>  ponenes  cnly  » 
pale  yellow  tint. 

When  quite  pure  nuuilariii  ooiuute  of 
crilourless  needles,  m.p.  200"  (Wagner,  J.  1850, 
529),  somewhat  soluble  in  boiling  wi^tur,  soluble 
in  alkalis  with  a  pale  yeUow  colouration.  With 
aqueoiu  lead  acetate  it  gives  a  yellow  precipitate 
and  with  ferric  chloride  a  grccnish-black  coloura- 
tion. 

Hlasiwets  and  Pfaundler  (J.  1864,  568} 
assigned  the  formida  Ci,HjoO,  (o  madwiiu 

and  found  that  by  boiling  with  pot(V«!<ium 
hydroxide  solution  it  gives  phloruylucmvl  and 
fm/toraUchuiic  add, 

Pentabenzoytmaclurtn  CijHjOjr.HsO), 
melts  at  ISSf'^lM"  (Konig  aud  Kostanccki,  Bcr. 
18M»  87, 1996);  and  tnbfm»  madwim 

C„H,Br,0„H,0, 

oolourl^  needles  ha^  been  obtained  by  Benedikt. 
Maclurin  pentamelhyl  ether  C,,H.0(0CH,)j, 
colourless  leaflet.-,  melts  at  157  .  Konig  and 
Kostanecki  first  aasigned  to  maclarin  the  coa« 
■titatioa  of  »  pMtahi/droxybenzophmoit*— 
OH 


OH 


-CO- 
,0H 


OH 
OH 


CH.O 


COH 


Morin  trliuethyl  etiier. 
OH 

NOH 


CO'^ 


COH 


OH 


Morin  dyes  mordanted  woollen  cloth  shades 

which,  though  of  a  slightly  stronger  character, 

oloedy  reeemble  those  given  by  kaempferol. 

Okrmiim  AbimfHkm    Tin  Iron 
Mortm     .  Olive  jeitoW   YcUew   Jiemon    Deep  olive 

ytilow  l.rown 
JUm9/ml  Brovn  ytDow    „     Brkht   n.-.'p  oUve 

yditow  brovn 

(Feckfn  moA  Wilkitison,  Chem.  Soc.  Trans. 
190S.  81,  590). 

Haeliuin  C^,H,oO,.  When  morin  is  pre* 
cipitati'd  horn  a  hot  aqueous  extract  of  old 

fu:^tin  by  means  of  lead  acctato  the  snhition 
contains  maclurin.  After  removal  of  leiui  la 
the  n.-ual  manner,  the  liquid  is  partially  evapo- 
rated aad  extracted  with  ethyl  acctntc,  which 
dieeolree  the  colonring  matter.  The  crude 
product  is  crj'stallised  from  dilufe  if  . tic  arid 
(Perkiu  and  Cope).  A  crude  maclurin  m  aluo 
obtained  during  the  preparation  of  fuetic  extract, 
|>arti;illy  in  the  form  of  its  «  alciiim  <5,ilt,  and 
this  pHKluet  is  treated  with  dilute,'  hvdrociilomj 
acid  and  ciystalliaed  from  water,  in  order  to 
decolourize  the  crystals,  acetic  acid  is  added  t^ 
a  hot  aqueous  solution  and  a  little  Iciul  acetate 
ia  each  quantity  that  no  precipitate  is  formed. 


W.  H.  Perkin  and  Robinson  (T'hein.  Soc  Pro<-. 
1906,  22,  ^U5),  aud  sorauwhut  later  Kostaneeki 
and  Tambor  (fier.  1906.  39,  4022}  nynthosised 
maolorin  jpentamethyl  other,  by  the  interaction 
of  veratnc  add  and  phlorogluoinol  trimethyl 
ether  in  presence  of  aluminium  oUoiide^ 
OCH, 


OCH,^OCH,+ 


COOH 


OCH, 
OCH. 


OCH, 

/^-CO-^^ 


r      — V..V— .       |OCH,  ,  IT  fx 

OCH,,^OCH,  i^^OCH,+*'»"- 

Pmtainsttiylmaclurln.  * 

When  maclurin  pcntnniethyl ether  is  digested 
with  aJ<  •  liii  <\ic  potash  and  unc-dust  Uucomaclurin- 
-penUimrthyl  ether  (Kostaiiecici  and  Lamps,  Ber. 
1006.39.4014) 

OCH, 

CH(OH)--  OCH, 
OCH,l  yOCH,  OCH, 

is  produced  in  prismatic  needles,  m.p.  109*- 
1 10",  and  this  on  further  reduction  gives  penia* 
methoxydiplttuijl  nuthatie,  m.p.  lOT'^-lOS". 

On  tho  other  hand,  if  loucomuclurin  penta* 
methyl  ether  is  oxidised  in  acetic  acid  solution, 
vemtric  atid  and  dimHhooeyhenzoquinonc  are 
formed. 

Maclurin  is  interesting  as  it  represents  the 
only  simple  hcnzophenonecolouring  matter  which 

is  a>  s  et  km^wu  to  exist  in  nature.  It  ts  jii  .s=:ihle, 
however,  that  kinoin  from  Malabar  kino,  and 
aromadendrin  from  eucalyptus  kino  also  bdoog 

to  th'  ^  -i'--  iv.  Ktx'»). 

Patent  lustin.  Under  the  name  of  '  patent 
fnstia '  a  colouring  matter  has  been  placed  on 
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tho  market,  whiuh  consists  chiefly  of  disazobou-  , 
snie  maclurin  (C.  S.  Bedford,  1887  ;  Eng.  Pat. 
12667).    Ti>  prepare  this  sub.stancp  old  fustic  is  , 
extracted  with  boilitig  wattr,  the  .-juluUun  is  | 
decanted  from  the  precipitate  of  morin  and  its 
calciam  salt  which  wpacates  on  cooling,  and  is 
noutraliaed  with  the  necessary  quantity  of  i 
sodium  carbonate.    Diazubenzctie  sulphate  is 
then  added  uatil  a  precipitate  no  longer  forms, 
and  this  w  ooUeoted  and  washed  with  water. 
It  is  sold  in  tho  form  of  a  pn'?to  and  dyes  chrome 
mordanted  wkhjI  au  ur;iii;^f-l)rown  shade. 


Disasobenzene  maclurin  ( Ifonl  and  Pcrkin, 
Chem.  Soc.  Trans.  1895,  67,933 ;  ibid.  1897,  71,  |  Maracaibo  oopaiba. 
186)  which  crystallises  in  salmou-red  prismatio '      In  trade  the  oteo-i 


of  the  Jfinling  .spt'cieH  yielding  tho  so-called 
balsam  are  given  by  Fliickigcr  and  Hanbury 
(Fluck.  a.  Hanb.  227)  and  BentL  a.  Trim.  93. 
The  drug  became  mown  in  Europe  in  the 
seventeenth  century,  and  was  included  in  the 
Amsterdam  Pharmacopoeia  of  1636  and  tho 
London  Pharmaoopnia  of  1677.  The  yield  ot 
oleo  re.'iin  from  a  single  tree  is  very  great,  the 
ducts  coat^iiiag  it  distending  sometimes  to  such 
an  extent  as  to  burst  tho  unyielding  trunk  with 
a  report  which  is  heard  at  long  distances.  In 
commerce  tho  Pard  variety  is  distinguished  from 
that  coming  from  Mavanham  and  iEom  the  laieir 


needles,  m.p.  270"  (deoomp.)  has  the  fottowiag 
constitution— 

OH 


,— CO— 
OH 


With  acetic  anhydride  it  gives  Iriacetyl  dimzo- 
benzene  madwin  C„HjOj(C,H.N,),(C,H,0)„  in 
orange  rt'd  needles,  in. p.  2iO'-2t:5"'  (doconi]). ). 

Dyeing  properties  oj  old  fustic.  In  silk  and 
cotton  dyeing  fustic  is  employed  to  a  compara- 
tively limitoil  extent,  l>ut  in  wool  dyeing  it  is 
the  most  importaot  natural  yellow  dvesiulL 
The  olive-yellow  or  old  gold  colours  whicn  fustic 
yields  when  used  with  ohiominm  mordant 
and  the  greenish  olives  obtained  with  the  use 
of  copper  and  iron  niordiuits  are  all  fast  to  light 
and  milling,  but  the  yellow  coioon  yielded  in 
conjunction  with  aluminivm  and  tin  possess 
only  a  moderate  degree  of  fastness  with  respect 
bo  light.  Fustic  is  cniofly  employed  in  wool  dye- 
ing with  p  )tii9sium  dichromato  as  the  mordant, 
and  it  is  for  the  most  p.irt  used  along  with  other 
dye^tulTs,  e.g.  logwood,  alizarin,  Ac,  for  the 
production  of  various  compound  colours,  olive, 
brown,  drab,  itc.  A.  G.  P. 

OLBFIAIIT  OAS  v.  Eteyl. 

OLEFINES.  Hydrocarbons  of  the  C.H». 
series  homologous  with  ethylene. 

OLEIC  AOID  «.  Oils,  Fixed,  ako  Fats  ; 

SaV'  >vTVir  vTIOK. 

OLEIN  V.  Oils,  Fixed,  j^d  Fats; 
Qltobrtn. 

OLEOMARGARINE  t.  yixHaxmyr.. 

OLEO-RESINS.  Under  the  generic  tei  in  uleo- 
resins  are  here  deseribed  the  chief  representa- 
tives of  that  largo  prrf)up  of  nattir  d  produets  jIki 
OBiicntial  constitueattt  of  wlucli  iuu  renin  and 
volntilo  oil.  These  sul)«tance.<j  are,  for  the  most 
part,  tho  olco-resinous  jnioee  of  plants  more  or 
less  deprived  of  their  TOlatile  oil  by  evaporation, 
but  still  retainiiiL'  enough  for  it  to  r<ink  as  '>n<:  i>f 
their  two  leodii^  comjMnonts.  For  a  more 
detailed  Ust  of  oleo^rerins,  the  numerous  reports 
on  botanical  economirs.  and  tho  cataloiriif-<  of 
the  various  museums,  should  be  coiifjultciJ. 
Oompare  also  the  inttoduoUon  to  the  article  on 

Copaiba.  O/co-re*/ «  OipailMi ;  BnUam  of 
cop'iiba  or  rop/iivu  or  capivi  ;  { Bdunte  ou  oh  o-  balsam,  a  sesquiterpene  alrxthol  C,  ,11.^^0,  m.p. 
risint  de  copahUf  Fr.  j  Copaiva  bal«amp  CJer.), 
Copaiba  in  the  olen'restnona  soerotion  of  the 
trees  of  th-  li-mu-i  ('njyiiftra,  cspeeiullv  tht; 
species  C.  Jxirmiorjii  (Dc»f.),  which  iuhabit  the 
warmer  districts  of  Sooth  America.  BesoripUona 


resin  ooouxs  as  a  trans* 

parent,  rarely  opalescent,  viscid  liquid  of  a 
pale-yellow  or  light  golden-brown  colour,  and 
a  oharacteri.stie  aromatic,  not  disagreeable, 
odour  and  persistent  acrid  bitterish  taste.  'Vhf 
specific  gravity,  which  varies  with  the  pro- 
ptortion  of  oil  present,  is  generally  0'94  to  0*993. 
Aioohol,  benzene,  carbon  disulpiiide,  or  acetone 
disBolTo  most  specimens  of  copaiba:  glacial 
ftcfti  uid  dissolves  the  resin  only.  When 
mixed  with  siuall  quantities  uf  magnesia,  lime, 
or  baryta,  most  8|H>cimens  form  a  stiff  mixture 
whii'h  ^Tiidually  hardens.  This  depends  upon 
the  prc<4ieuco  of  an  acid  re.sin  whieh  forms  solid 
eambinations  with  alkaline  earth  raetuls. 
Fluckiger  (Jahresb.  Pharm.  1867,  162;  1868, 
140)  finds  the  action  of  oopaiba  on  polarised 
light  to  vary,  some  Hpeoimsos  being  dextro-  and 
others  lavorotatory. 

The  «oIaMis  oil  in  copaiba  varies  from  20  to 
80  p.c,  the  percentage  of  resins,  which  are  the 
sole  other  constituents,  showing  corresponding 
differences.  A  method  for  the  estimation  of  the 
volatile  oil  is  given  by  Grippe  (Pharm.  J.  [iii.]  22, 
1U3). 

Volatile  oil  o(  copaiba  or  cojxiircnr  CjjHj,  is 
an  isomeride  o£  oil  ol  turpentine.  It  boils  at 
2&3^-2Sff',  is  soluble  in  8  to  30  parts  of  alcohol 

(sp.gr.  0  830),  or  in  3  parts  of  absolute  alcohol, 
and  has  a  sp.gr.  of  0*88  to  0-91.  Tho  oil  hm 
the  odour  and  taste  of  copaiba.  When  hydrogen 
chloride  is  passed  into  tne  dried  nil,  crystals  of 
copaimne  hydrochloride  C,„H5j,4HCl  aru  formed 
(Levy  ami  Englander,  Annalen,  242,  191).  Cf. 
Bonastre  (J.  Pharm.  11,  629) ;  Adcr  (ibid,  15. 
95);  Oerber  (Br.  Anh.  30.  157);  Blanchet 
f Annalen,  7,  loO);  Soubciran  and  ("apitaine  (J. 
Pharm-  26,  70);  Aubergier  {tbid.  27,  278): 
Gerhardt  (Gompi  rend.  17,  314);  Chautard 
(»m  34,  485) ;  and  Posselt  (;\nnalen.  W.  07). 
The  terpene  of  Maracaibo  cupaib.j,  lK>i]i>  at 
250''-260%  and  gives  no  crystalline  hydrochloride 
(Brix.  Monat.sh.  2,  (K)7).  A  dark-blue  h^htaU 
(<  'soH,t),.H;0  is  obtained  towards  the  end  of 
the  operation  wlicn  the  moist  tatpene  is  distilled 
over  sodium  (Brix). 

The  oil  from  copaiba  balsam  collected  in 
.Surinam  from  Cojviif'  rn  qnmvcvsis  (Dcsf. )  hnils, 
for  the  most  part,  at  204  -2tj2-,  and  appt-ars  to  bo 
a  mixture  of  two  sesquiterpenes.  The  fnustion 
boilin'-'  at  270°-280°  contains  a  little  cadinene. 
Towards!  tho  end  of  the  steam  distillation  of  the 


Ll4i°-\15°,  ."icparates  in  the  condenser  from  which 
a  «e»juitfrpei\e  (',r.Hj,,  b.p.  2r)2^,  is  obtained. 
The  latter  is  a  mobile  lii)uid  which  fsom  <  hanges 
in  the  air  to  a  redinous  solid  (van  Itollie  and 
Nienwland,  Aich.  Pharm.  242.  539;  244, 161). 
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OLBO-RBSINS. 


Of  the  copaibu  ruMiiri  many  are  found  only 
in  certain  varieties  of  the  oleo-rcHin.    The  moet 
inmortant  is  tho  ojystaUme  acid  reain  ee^pcmw 
ocM  CjgiljoO,.     ^niis  oonstHntes  by  nr  tiie 
greater  |>ortiou  of  tho  crude  resin,  and  may  bo 
obtained  according  to  iSchweitzer  (Pogg.  Ann. 
17,  784;  21,  m)  by  diaiolTiiig  the  miiui  in 
aqaeous  ammonia  and  setting  aside  at  a  tempera- 
ture of  — 10°,  when  it  separates  in  the  form  of 
crystals.    Copaivio  acid  was  further  ntudicd  by 
Roae  (PogK.  Ann.  33,  83  ;  Annalen,  13, 177  ;  40, 
310)  and  Hess  (ibid.  29,  140)  when  the  formula 
was  etitablished.    The  acid  is  an  isomeride  of 
ablatio  acid.   Cxyatalline  depoeita  aometimea 
ooonr  in  eopaiba.  One  ef  theae,  in  an  old 
qpeeimen  ol  the  Trinidad  variety,  -i^hich  ^va3 
aappoeed  t^u  l>e  Clipuivio  acid,  Man  examintHl  by 
Ilmkiger  and  Uanbury  (FlQck.  a.  Hanb.  231). 
It  melted  at  llG^-in".    Another  dep<»sit  in- 
vestigated by  Fehling  (Anualen,  40,  110)  proved 
to  be  an  allied  compound  oxycojxiivic  acid 
CmH^Oi.  Similftdy,  Strauaa  (<^"/.  148,  148) 
extracted  mektcopatvie  aeid  0221131^*4  from 
Maracaibo  copaiba.    Copaiba  from  Maraeaibo 
'and  Para  has   been  examined  by  Tschirch 
and  Keto  (Arch.  Fharm.  239,  M8).  After 
reparation  of  the  resin  arids  and  the  essential 
oil,  a  small  quantity  of  a  niLxture  of  indilierent 
rt$ews  remained  mostly,  but  not  wholly,  aotnble 
in   atoohoL    From   the   Para   balsam,  para- 
eopoMe  acid  C.oH„03,  m.p.  145*-148°,  ex- 
tracted by  5  p.e.  ammonium  carbonate  solution, 
and  homo-paraeopaivic   acid   ^itii»<tOf,  m.p. 
111*-112*,  were  obtained.  From  samples  of 
ilaracaibo copjviba,  0-meiacopaivtr.  acid  C,  [ H , >, 
(or  C,,H,40,),  melting  at  89  -90",  and  Uluric 
acid  CjoH^O^  melting    at  128"'-129°,  were 
isolated.    Other  resins  have  been  described  by 
Martin  and  Vigne  (J.  Pharm.  Chim.  [iii.]  1,  62), 
Posselt  (Annalen,  69,  67),  and  Ruxh  (Auut.  J. 
Pharm.  [ivX  9,  305).    Cf.  Oberdofer  (Arch, 
num.  [iLl  44,  172);  Uleic  {ibid.  128,  14); 
Procter  (Pharm.  J.   [iii.]  10,  603) ;  Iloussin 
g^harm.  Chim.  Liv.J  1,  321);  Levy  (Ber.  18, 

Illurin  oleo-resin,  an  African  variety  of  co- 
paiba, obtained  from  Ilardu'ickia  J/onnu  fO liver) 
in  tho  Niger  basin,  also  examined  by  Ischirch 
and  Keto,  contains  iUuric  add  which  doeely  ce« 
aemblea  IMiBng's  oxycopaivio  aoid.  It  orystal- 
lisea  in  the  hexagonal  system  and  is  a  monobasic 
aoid.  It  gives  the  cholesterol  reactions  and  is 
not  affected  by  foaion  witii  potaadani  hydroxide ; 
in  i\\i'<v  HTid  other  respect-i,  it  resemliles  the 
resin  ucids  of  the  couiferae,  especially  pimaric 
acid,  but  it  diftera  from  them  ledueing  aUver 
aalta  in  ammoniacal  aolution. 

In  medicine,  copaiba  is  employed  for  ita 
htimulating  action  011  mucous  membranes^  etpe- 
cially  those  of  the  genito-urinary  system. 

AdvUerattiom  of  wpa^  has  been  iMi^Iy 
prm  tised-  Turpentine,  ca.stor  oil,  and  gurjun 
'  balsam  '  are  typical  of  the  adulterants  em- 
ployed. Numocona  metiiods  of  testing  have  been 
proposed.  These  are  reviewed  by  Siebold 
(Pharm.  J.  [iii.]  8,  261).  it  is  shown  that  tho 
specific  gravity  or  percentage  of  resin  and  oil  is 
ao  vadable  aa  to  be  of  no  value  in  detecting 
adnltantionJ  Many  propertiea  while  npi^cr- 
taining  to  niorit  sjK.ciiiions  of  the  oleo-resin  are 
not  found  in  all.  Thus  Huoresconce,  a  character 
of  goijon  *  bdMin»*  ia  not  Abaanfr  from  all  apeoi- 


meus  of  true  copaiba;  oil  specimens  do  not 
dissolve  one-fourth  of  their  weight  of  mogn^um 
carbonate  or  form  a  dear  aolution  with  aqueous 
ammonia  or  aloohoL   Bencene  ia  a  univeraal 

solvent  for  copaiba,  but  it  behaves  in  the  same 
manner  toward  all  the  ordinary  adulterants. 
Mnter  (Analyat,  1, 160)  devised  a  method  for  the 
'  '  detection  of  castor  oil  and  other  fat.s,'  depend- 
ing upon  the  separation  of  their  sodium  salts, 
but  Siebold  considers  the  following  aimplwr 
method  much  more  delicate.   A  gram  or  ao  is 
heated  in  a  watch-glass  until  all  oil  ia  driven  off, 
which  is  the  case  aa  t>oon      the  residue  assunus 
a  rich- brown  colour,   li  the  remaining  reain  is 
brittle  and  pulveriaabla,  no  fatty  oil  ia  pveaent. 
As  little  as  1  p.c.  of  oil  can  be  thus  dete<  ted. 
Gurjun  or  wood  oil  may  be  discovered  by 
Fliickiger's  process  (Fluck.  a.  Hanb.  233  note). 
One  drop  of  copaiba  is  agitated  in  a  test  tube 
with  ly  drojjs  of  carbon  disulplxide,  and  to  this 
is  added  a  drop  of  a  mixture  of  equal  \  ()lumes  of 
strong  sulphuric  and  nitric  (l'42j  acids.  Aiter 
a  little  agitation,  copaiba  beoomea  reddish* 
brown  with  a  deposit  of  rosin  on  the  sides  of  the 
tube ;  gurjun  oil  gives  an  intense  purplish-red 
colour  changing  to  violet^  trhOst  the  oleo-ieain  of 
Unrthrickia,  sometimes  nn  adulterant  of  copaiba, 
gives  no  perceptible  ulteratiou  of  colour.  By 
tilia  procedure,  I  part  of  gurjun  oil  in  8  parts  of 
copaiba  may  bo  detected.   Another  method  ia 
thatof  Hagcr  ( Pharm.  Oenth.  1 6. 267 ).  1  Tolume 
of  copaiba  mixed  with  4  volumes  of  light  j)etro- 
leum  gives  either  a  clear  solution  or  only  a 
slight  turbidity  which,  wiien  it  aetUea,  forma  not 
more  than  a  thin  film  covering  the  bottom  of 
tho  vessel.    Gurjun  oil  is  insoluble  in  light  pt^-t- 
roleum  and  settles  in  half  an  hour.  Benzene 
cannot  be  substituted,  as  has  been  proposed, 
for  light  petroleum.    Gurjun  balsam  can  also 
be  detected  in  copaiba  by  giving  a  reddish 
colouration,  changing  to  blue,  when  the  sample 
is  boiled  with  3  parte  of  9ft  p.c  aloohol  and 
1  part  of  r  rystrtlli.sed  stannous  chloride,  and  by 
affording  a  reddish  or  purple  colour  when  4  dropa 
of  copiulta  are  carefully  added  to  a  mixture  of 
half  an  ounce  glacial  acetic  acid  with  4  drops 
of  nitric  acid  (c/.  Brit.  Pharm.).  The  presence  of 
oil  of  turpentine  is  recognised  by  Siebold  during 
the  evaporation  for  the  detection  of  fixed  oils, 
and  may  be  further  identified  by  diatiOation  and 
fractionation  of  the  volatile  oil.  Turpentine 
boils  at  160°-180%  oil  of  copaiba  at  240  -S-W. 
See  further:  Bowman  (Amer.  J.  Pharm.  [iv.] 
7,   385);    Fulton    {ihid.  [iv.]  7.  560);  Kush 
(Pharm.  J.  [iii.]  10,  o) ;  Hager  (Pliarm.  t  enth. 
ISTO.  -im  ■  24,  141) ;  Prael  (Arch.  Pharm.  [iii.] 
23,  736,  769) ;  Wayne  (Amer.  J.  Fharm.  Liv.j  3, 
326);   Maupy  (Chem.  Zentr.  1894,  L  929); 
Hirschsohn  (ibid.  1895,  ii.  G94). 

EleDlL  Oleo-regina  demi  (JUisine  elitni. 
Ft.;  StenUhan,  Ger.).  The  Gredc  and 
Roman  writers  describe  a  '  gum  of  Kthioyjian 
olive  '  which  has  been  generally  identified  with 
elemi.  According  to  Fliickiger  and  Hanbuy 
(Fluck.  a.  Hanb.  147),  however,  thia  ancient 
elemi  is  the  oleo-resin  known  as  Luban  mepett. 
Pliny  terms  the  drug  enhanum  or  enhcemi,  from 
which  the  name  animi  and  perhaps  also  demi  is 
derived.  The  term  *  animi '  m  wao  need  for  a 
kind  of  copal. 

During  the  sixteenth  century,  the  older 
Afrioaa  efemi  waa  replaced  by  a  drag  of  aimilar 
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appearance,  wliich  camo  from  Mexico,  and  South  i 
Ami  ri«r%  and  tim  iu  its  turn  bm  given  way  to 
a  liivduet  of  tbe  Philippine  lalandB,  which  is 
now  this  fllemi  of  commetoei. 

Elemi  or  Ammi  of  the  older  Writcra ;  Oriental 
cr  J/rkan  £kmii  Luban  Maitiii  livban 
Mali. 

This  drug  is  derived  from  AwiMlNa  Frere- 
afw  (Bitdw<Md),  a  trae  H'>^"g''*g  to  the  same 
gemis  which  yields  the  gtun-rMin  olibanum, 

unj  wliich  in?iabit8  the  hills  iniineiliately 
west  of  Cape  iiardafui.  Notwithstanding  the 
ciloBe  botamcol  relation  to  oUbMium,  and  the 
gcnoric  name,  Luban  being  Arabic  for  that  drug, 
tiiere  is  uo  doubt,  ogling  to  the  entire  absence  of 
gum  and  other  charact^i^,  that  Luban  Mcyeti  is  | 
a  distinct  product.  According  to  Hanbury  and 
Flficldger  (Pbarm.  J.  [iii.J  8,  805 ;  Fliick.  a.  j 
Harib.  147),  this  was  the  tkiui  i<f  coninuTce  until 
its  phvoe  waA  taken,  in  the  sixteenth  centoiy, 
by  a  somewhst  rimilar  prodvot  of  Ilexioo  and 
South  America.  I 
Luban  elemi  is  desert btnl  by  Fiiickiger  and  I 
Hsabnry  as  detached  dropp^  tears  end  frag- 
ments, f'Cca.sU)ii;ilIy  in  stalactitii'  masMcs  several 
ounces  in  wciyht.  Exteruaily  it  lia«  a  tkiu- 
opaque  white  crust,  but  internally  it  is  trans* 
parent  and  of  m  amber  oolour.  It  has  an  agree- 
able odour  of  lemon  and  turpentine,  and  a  mild 
tcrebinthinous  taste.  The  vokUik  oil,  wliicli 
has  a  fragrant  elemi  odour,  from  the  bpt^cimui 
examined,  amounted  to  3-1  p.c.  It  has  a  specific 
gravity  r  f  (t-v.iG  at  17°,  and  rotatea  the  j>Mlari(>ed 
ray  sJi^.:.i  J\  io  the  left.  It  coudists  pdjUy  of  a 
dextror  L 1 1  y  hydrocarbon  CiqHi,,  and  purtly  of 
a  Iftvorotatory  oxygenated  oil.  The  renn  is 
mostly  soluble  in  alcohol,  and  has  the  com- 
positioa  C^HgiOf 

XkmiefthtSevenUenth  and  K IghtceiahCenimiu ; 

American  or  Brazilian  Ehmi. 

The  oleo-resin,  which  replaced  the  older 
African  elcmi  for  the  most  part  dvriog  the 
seventeenth  and  eighteenth  centuries,  was  the 
product  of  several  Brazilian  trees,  species  of  the 
genus  P rutin m  { Icica).  A  specimen  examined  by 
Fiiickiger  and  Uanbucy  (Fliick.  a.  Uanb.  152),  was 
a  transhioait  greenhh-yeUow  fragrant  terebin- 
thinous  resin,  which  by  means  of  cold  spirits  of 
wine  could  be  scpuratixi  into  two  portions — the 
one  soluble,  and  the  other,  consisting  of  a  mass 
of  acicular  crystals,  iiisuluMr.  Scn'ln;  (Ami. 
Chira.  Phys.  [iii.]  13,  iOG)  iavcj^tii^aUU  uue  uf  the 
Icica  oleo-resins  which  had  lost  all  its  volatile  oil, 
and  consisted  of  three  neutral  compounds, 
which  he  separated  by  the  difiierenee  of  their 
solubility  in  alci.h'>I.  From  the  alclioli.  hkIu- 
tiou,  bttuH  liist  comes  out  in  white  pearly 
stellate  needles,  melting  at  157".  Brcan  has  the 
composition  C  83-92  p.c,  H  11-82  n.c,  and 
O  4-26  p.c  In  sulphuric  acid  it  dissolves  with 
a  red  colour.  Further  concentration  of  the 
alcoholic  solution  vields  crystals  of  iekan,  which 
contain  C  82-01  p'.c,  H  11-64,  and  O  6-35  p.c. 
From  the  iiii-ihei-lnjin.r  a  .small  quantify  of  an 
am.  iiphoua  resin,  colophon,  was  obtained. 

I  lio  oIeo>reein  of  Pnthm  heptaphyllum 
(M.ir(  h.),wa'?  cxamitu 'I  hy  St<»nhoTise  md  f  Jr  oves 
(Chuiu.  £>oe.  Iraas.  2y,  175).  Thin  is  knou  n  ;is  Gum 
llyawa,  or  Camma  ruin,  or  r.  i  ;(  (At  incense- 
trtit.   It  poBSSflsss  a  Irsgnuit  balsamic  odour. 


which  depends  on  the  presence  of  a  small  pro- 
portion of  vdatiiU  oiL  This  oil,  when  obtained 
by  distflhitioa  with  steam,  boils  at  abont  270*. 

By  treatment  with  sodium  and  fractional  dis- 
tiUatiou,  it  gives  a  hydrocarbon  conimenct 
^1  t^t4«  which  boils  at  204°.  If  t he  residue,  after 
removal  of  the  volatile  oil,  be  dissolved  in  hot 
alcohol,  it  deposits  on  cooling  a  crystalline  com> 
pound,  ieada,  C4,U;,0,  and  the  mother^Uqiiov 
contains  a  yellow  tmorj^fw  remn.  Icacin 
melts  at  176"  (c/.  Hesse  Annalen,  VJ-2,  ISI).  A 
e(Jini>aribon  of  the  analytical  numliers,  melting- 
points,  and  other  characters,  points  to  the  pro- 
bability that  while  the  idean  ol  Soribe  b  only 
an  impure  form  of  that  observer's  hrcan,  this, 
in  its  turn,  is  the  icacin  of  Stenhouse  and 
Groves  iu  an  imperfect  e<inclition  of  purity. 
Tlie  amorphous  resin  of  the  latter  observers  is 
hIbu  probably  the  colophon  of  iScribe.  At  all 
events,  the  evidence  of  the  eodstence  ol  brean 
and  icican  needs  revision. 

Elemi  of  Commerce  of  the  Present  Day ;  MtOiMn 
Elcmi  I  Arbol  a  Brea  Hesin. 
The  tree  which  yields  the  elcmi  <>f  (lie  piiwnt 
day  it*  a  native  of  the  I'iiilippine  Islands,  and  is 
called  by  the  ijpaniard.s  Arbol  a  brea.  Its 
botanical  relations  were  not  known  until  quite 
recently,  but  it  is  now  certain  that  the  oleo-rcsin 
is  ooUeoted  from  Canarium  htgoniettm  (Miq.), 
(Clover,  Philippine  J.  Sci,,  1907,  2.  2).  .Manilla 
eieuii  is  a  Koft  oleo  reain  which,  iu  appearance, 
resembles  old  honey.  It  occurs  in  commerce 
generally  admi.\«'d  with  earthy  or  carlionarrnus 
matter,  which  gives  it  a  daik  colour.  W  hen 
fresh  and  pure,  it  is  colourless  and  has  a  fragrant 
odour.  Cold  spirits  of  wine  applied  to  the  drug 
disdc^  numenms  adoalar  oryrtsls  TfsiUe  under 
a  microscope  (Fliick.  a.  Hanb.). 

Elemi  is  a  mixture  ol  voUdiU  oil  and  restn. 
The  Tola^  oil  eontains  d^ididhuidrene, 
dipentonn,  and  a  crystalline  compound  which 
may  be  identical  with  amyrin  (Wallach,  Annalen, 
252,  102).  Phellandrene  and  dipentene  are  also 
obtained  by  the  dry  distillation  of  the  cesin 
(Wallach,  ibid.  271,  310). 

'J'he   resin  of    elemi   was  first  examined 
by  Maujean  (J.  Pharm«  9,  46),  who  showed 
that  it  contaiiis  two  lesint^  one  soluble  in 
cold  and  the  other  in  hot  aJcohol.    Cf.  Io  se 
(Annalen,  13,  102;   32,  297;   40,  'dOl  t  and 
Hesse  {ibid.  20,  136).    Bonastie  (J.  Pharm. 
10,  199)  found  the  former  to  exist  to  the 
extent  of  61  p.c,  and  the  latter,  which  crystal- 
lisetl  easily,  26  p.c.    Baup  (Ann.  (  him.  Phys. 
riii.j  31,  108)  called  the  latter  atnyrin.  It 
is  iiwoluUe  fn  water,  readfly  soluble  in  ethw 
and  hot  alcohol,  and  cry.stalli.ses  in  satiny  fibres, 
which  melt  at  174"  (liaup)  or  177"  (Fliick.  a. 
Hanb.).    Cf.  Buri  (Neues  Kep.  Pharm.  25,  103) 
and    Hesse    (.^nnaltfi,    l!»2.     ISO).  Amyrin, 
i  CjoHjqO,  has  been  cunverttd  by  V  estci  Li r luto 
I  two  crystalline  isomeric  acetates,  Cj^H^jtC'jH  ,0,) 
'  and  beuzoates,  Cf(,^w(0,ll^O^  from  which  two 
;  corresponding  amyrins  ha-ve  been  prejtared. 
I  a-Amyrin    melte    at    ISF-lSI  Te,  fa)-amvn'» 
aceiait  at  229'*  and  bmzoaU  at  I'j^" ;  while 
i  0-<myrin    melts    at    19i8*-194'',  (^)-amyrin 
aceiaU  at  235°,  an«i  hfvzocitc  at  2."i0^  (Ber.  20, 
1243  ;  23,  3180).    (  lanuciaii  ^Her.  11,  1347),  by 
'  distilling  amyrin  with  ainCHiubt,  obtained  tolu- 
^  ene,  methyiethyibenieae,  and  ethyhiaphthalene. 
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The  alcoholic  tnothcr-liqnor  contains  the  amor- 
f>hous  resin,  or  rc&in  aolublu  iu  cold  alculiol, 
wliic-h  the  largest  conatituent  of  elomi.  Besides 
mmyriQ^  Jiftop  doKcibes  three  other  oompoundB 
ooeunuig  in  tSieaa-'-if^din,  hr^n^  and  bryeXdin, 
Brda  ia  certainly,  in  view  of  FlQi  kigcr  and 
Uonbury's  invest^ation,  impure  amyrin 
Vest«rberg.  Ber.  39»  2467),  and  the  extttenee  of 
birel<iin  rf  (J aires  further  proof. 

bjx^'Ciiueris  of  Miiulla  oloiui  have  been 
examined  bv  Tschirch  and  Cremer  (Arch.  Phann. 
240,  293).  '  100  parts  of  the  drug  contain: 
vkmamyrin,  consisting  of  a  and  0  aniyrm,  20-25  ; 
essential  oil,  2U-2.") ;  ^>r/yo.f/i'/(, 0-8-1  ;  a-ntanehinic 
acidp  5-6 ;  fi-manekoHC  acidf  8-10 ;  maneleresene, 
W-X ;  inorganio  oonatituenta  and  bitter  sab- 
stanco,  1-2 ;  impuritica,  5-6  parts.  J?ryoTdin, 
^u^4*^*>  ^-P-  ^^'^  >  '^'(^  prepared  by  digesting 
the  diMui  with  dilute  alcohol  at  a  gentle  heat  and 
evaporating  the  extn^ct  to  cry.stalli.'-atioii.  It 
is  neutral,  has  a  bitter  U\.hU',  and,  whiUi  in-solublo 
in  cold  Wiittr,  (li.s.solveH  reuilily  in  hot  water 
and  in  aloohol  and  ether  (Pharm.  J.  [iii.]  5,  142). 
•.Memlemio  acid  ('iJlj^O^,  m.p.  215°,  pre- 
viously isolated  by  Buri  (Pharm.  J.  ;iii.]  8,  6()1), 
ctystalliscs  from  the  alcoholic  solution  of  the 
adds,  extracted  from  the  resin  by  aqueous 
pntasisium  carbonate,  while  the  mother  liquor  con- 
liiius  amorphou2j  ^-uianelemiu  acid  C44H,o04, 
m.p.  IS^-IS".  Manelereseno  CigU^O  remains 
after  the  remo\  al  of  the  other  oonstituente  ot 
the  oleo-'reein ;  it  is  amorphous  and  melts  at 

Elemi  is  seldom  ueed  in  medicine  in  thi« 
country.  It  is,  however,  aomeUmes  employed 
in  the  form  of  ointment  as  a  dressing  for  indo- 
lent ulcers.  At  present  its  chief  use  is  iu  the 
pnpmldtm  of  printing  inla,  and  oooanonally 
M  ao  mgiedient  in  varnishes. 

Giro- renins  allied  to  Elemi. 
A»itn€.  Much  confusion  existfi  as  to  the  use 
of  the  word  sninc.  and  the  Hune  may  be  re- 
marked of  taCiiTiTiliri'-.  By  some  writers  an ime 
is  used  as  synonymuus  with  elemi,  and  by  others 
it  IB  restricted  oliiefly  to  a  variety  of  mpad. 
There  are,  however,  a  number  of  other  olco- 
resinous  prodaotfl  which  are  usually  known 
as  animo.  The  chief  members  of  thin  clasti 
are; — 1.  Oomart  okoruin,  or  gwntni&r  resin, 
the  exudation  of  Ileieor^dev  hextmdta  (Griseb.), 
an  inhabitant  of  the  West  Indies  (Imp.  Inst. 
Bep.  No.  ft3,  192).  This  h;i.s  an  o<lour  between 
that  of  elemi  and  turpentine.  Owing  to  its 
general  resemhlanco  to  true  elemi,  gommier  resin 
is  comuiouly  known  aa  '  dry '  or  West  Jndiaii 
elemi.  For  analysis  and  commercial  valuation, 
•ee  Imp.  Inat.  Report.  The  oleo-cesin  has  been 
examined  by  More  (Ghem.  Soo.  Trans.  75,  718). 
The  essential  oil  wa.s  found  to  contain  01  p.c.  of 
/•pinene  and  17  p.e.  of  sylvestrene,  and  from  the 
lesiu  a  crystalline  compound,  m.p.  166^-167°, 
was  obtamed,  having  the  composition  <\.r,Tl440. 
2.  Brazilian  anime,  the  product  of  Hyimiuta 
CowrbairU  (Unn.),  a  tree  belonging  to  the  natural 
order  Idgtmimoacs.  The  oleo-rcsiu  resembles 
mastic  It  eoftens  in  the  mouth,  and  when 
warmed  emits  a  peculiar  odour.  The  volufile 
oil  is  colourless,  with  a  strong,  not  unpleasant 
odoor  and  burning  taste.  It  is  completely 
soluble  in  alcohol  (Paoli,  Brugn.  Giorn.  Itl,  320). 
After  removal  of  tne  oil,  cold  alcohol  extracts  an 


nmnrjyhmif  resin,  and  the  residue,  dissolved  in 
boiling  alcohol,  deposits  on  cooling  a  eemi- 
cryatallint  cwipointd,  wliich  analysed  by 
Laurent  (Ann.  Chim.  Phys.  [li.]  HQ,  314).  See  also 
Batka  (Pharm.  J.  [iii.]  6,  742) ;  Guibonrt  (BAv. 
sclent.  IC,  177) ;  Filhol  (J.  Pharm.  Chim.  [iii.] 
1,  301,  507) ;  Hancock  {Ed.  H.  J.  So.  1,  240); 
Manzini  (J.  Pharm.  87,  708);  Deville  (Anna- 
len,  71,  354). 

Carana.  A  bolt  olcu-rL^u  allied  to  Brazi- 
Uan  elemi,  probably  derived  from  Prolium  Co' 
rantt  (Mercb.)  and  allied  species.  It  has  a 
fragrant  balsamio  odour  and  somewhat  bitter 
ta.ste.  It  contains  96  p.c.  of  resin,  soluble  in 
alcohol  (Pelletier,  Bull.  Pharm.  4,  241).  Carana 
elemi  from  Prvtium  Carana  (March.),  has  been 
examined  by  Tschirch  and  8aal  (Arch.  Pharm. 
241,  149),  who  found  that  in  100  parts  of  the 
drug  there  were  contained  \socardeviinic  acid^ 
2 ;  careleminic  etcid,  8 ;  careUmic  acid,  10 ; 
eiisential  oil,  10 ;  amyrins,  20-25 ;  rcscne,  30- 
36;  impurities,  12-15  part.s.  For  analjtiral 
constante  «.  l>ieterich  (Pharm.  Centh.  40, 463). 

Ceradia.  The  product  of  Oeradia  (Oliloitiia) 
fttfcata  (LiiKll  ).  U  is  an  amber- coloured  oleo- 
resin  with  lite  odour  of  elemi  (li.  Thomson,  PhiL 
Uag.  28,  422). 

Mauritius  ilemi.  An  oleo-rew'n  very  closely 
resembling  Manilla  elemi.  It  in  the  yidd  of  tiie 
Ganarium  mauritianum  (Blume ;  Fliick.  a.  Uanb. 
152).  It  has  been  examined  by  Tschirch  and 
8aal  (Arch.  Pharm.  842,  348).  100  parts  of 
the  drug  were  found  to  contain  a-iHocohltmic 
acui,  iO  ;  colcleminic  acid,  2  ;  fi-imjcolelemtc  acid, 
8 ;  coiamyrin,  25-30  ;  coleresene,  30-36  ;  essen- 
tial oil,  3  ;  bitter  princ  iple  and  bryoldin,  plant 
remains  and  impuntiea,  about  10  parts. 

JfesneoM  dmi.  Vera  Cruz  demi.  Mexican 
elemi  is  not  now  an  article  of  commerce.  It  is 
nearly  related  to  Brazilian  demi.  It  is  the  re. 
puted  jjioduci  (jf  A  m;/ri.<i  Plumuri  {DC. ) ;  (Fliick. 
a.  Hanb.  162).  This  elemi  has  been  examined  by 
Tscbireb  and  Greraer  (Axdi.  Pharm.  840,  898), 
who  find  that  it  contains  a  very  large  propor- 
tiou  of  uubstonccs  wliich  resist  the  action  of 
alkalis  (rescue  and  amvrin)  and  this  would  make 
it  peculiarly  suitable  lor  the  basis  of  a  lacquer. 

Tacamahac.  The  following  are  the  more 
important  oleo-resins  which  have  been  described 
as  tacamahac ; — 1.  JStut  Indian  tacamahac,  the 
product  of  OahpkyOum  Inophyllum  (Linn.), 
which  inhabit»  Bourl>on  and  Madagascar.    It  is 

I  a   dark-green    balsamic  resin — sp.gr.    1*032 ; 

I  m.p.  75°.  2.  Yellow  tacamahac,  the  exudation  of 
Ainyris  tacamahac  (Batka).  It  wa-s  labelled 
Tacwnaluiqm  vicrge  by  Dea  ilarchais,  .AJricaji 
incense  by  Pereira,  and  BdMium  d'Ajriqut  by 
Guibourt.  It  melte  at  100%  exhaling  an  agree* 
able  odour,  and  the  rerin  reroajning  is  partly 
soluble  in  alcohol.  The  pjirt  inwiluble  in  alcohol 
consists  of  yellow  cryutiils — tucanitihacin.  This 
substance  is  insoluble  in  ether,  sparingly  soluble 
in  alcohol,  and  is  unaiTe<:t«d  i)y  alkalis  or  nitric 
acid.  Sulphuric  acid  dit>M;h-es  it  with  a  violet 
colour  (Batka,  Pharm,  J.  [iii.]  6,  742).  Yellow 

I  tacamahac  is  often  termed  anime.    3.  02eo- 

'  reiin  of  Protiwn  heptaphi/Uuvi  (Aub. ).  This  baa 
been   already   (le-scribcd   under  the   name  i>f 

.  conitna  resin  (see  £kmi  oj  the  atvwleenth  and 

'  ei0ftfMii<A  tadwriet).  A  number  of  samples  of 
Tacamahaca   resin    have   bt^en   examined  by 

:  Tschirch  and  baol  (Arch.  Pharm.  242.  366,  396) 
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and  analytical  conaUata  are  given  by  Dictecicli 
{PLirm.  (Jcntli.,  40,  453). 

Bc'^idcs  tliL  r,  which  Batka.  regards  as  true 
taCiiiiialiacB,  liie  product  of  Prolium  Obituifolium 
(March),  tho  Mauritius  tacamahae^  and  com- 
mon galiwtt  of  Finiu  Pincuter  (So land),  tho 
latter  mdM  th»  name  of  the  bitter  tacaniahac  of 
trees,  hsTtt  been  dmadM  m  nttietiM  of  that 


drug. 


IVjUB  ^Ml-ndil.  Gvfjnn  hdham;  Wood 

oil;  Oleo-resina  dipterocarpi.  Thia  uleij- resin 
resembles  and  is  used  as  an  adulterant  and  sub* 
stitute  for  copaiba.  It  is  obtained  from  Burma 
and  the  Straits,  being  the  product  of  various 
species  of  Dipterocarpus  (I'luck.  a,  Haub,  ■66). 
Gurjun  oil  must  not  be  confounded  with  the 
fatty  oU  which  is  also  known  as  wood  oil,  or 
wtod  oil  of  China,  which  is  expressed  from  tho 
sr.f  ii.i  of  tho  Aleuritcj  cordata  {UtaadL),  the  mU- 
knuwu  Tung  tt&i  uf  tiie  Chinese. 

Qujiiii,  or  wood  oU,  resembles  oopaiba  in 
appearance,  with  the  except  inn  of  its  fluores- 
ctence,  a  character  rarely  fouiui  in  copaiba.  When 
Loat«d  in  a  closed  tube  to  220°  it  becomes  almost 
solid,  whereas  copaiba  similarly  heated  does  not 
lose  its  fluidity.  For  other  distinguibhiug  cha- 
lacttTd  r.  Copaiba. 

Wood  oil  was  examined  hj  Lowe  (Phann.  J. 
18,  65):  Hanbury  (Und.  16,  321);  Hartias 
(Neuos  Ki'p.  riuirm.  6,  100);  Guibourt  (ibid. 
6,  97),  and  iUriichHoIm  (Pharm.  J.  [iii.J  10,  661). 
Werner  (Zoitsch.  Chem.  1862,  588)  found  it  to 
consist  oi  20  p.c.  of  vokUik  oil  C,  H_.  a  p<ily- 
meride  of  turi>entine,  and  a  rcijidutU  rcetn  wliioh 
contained  gurjnnic  acid  C4«IIgsO.,  a  crystalline 
compound  soluble  in  aqueous  ammonia.  Other 
observers  have  found  diiennt  percentages  of 
oil  and  resin,  which  are  indeed  variable.  The 
volatiio  oil  boils  at  256°-260'*  (Fluck.  a.  Hanb.), 
255°  (W(  rn.  r),  and  its  sp.gr.  is  0-915  (SlSok.  a. 
Hanb.) ;  U-9(f4  (Werner) ;  0-928  (De  Vry,  Pharm. 
J.  [iii.l  16, 374),  Amy]  alcohol  dissolves  the  voia 
tile  OU,  but  it  in  only  sparingly  soluble  in  ethyl 
aioohol,  and  glacial  aoetio  acid.  The  hvdru 
oanoa  is  oolomsd  •  magnifiosnt  blue  by  hydro- 
chloric acid,  bat  does  not  fonn  a  oTitalline 
hydrochloride. 

When  tha  fssin  of  wood  oU  is  extnoted  by 
alcohol  and  aqueous  tHjlution  uf  ammonia  addeJ, 
and  the  amorphous  resin  which  bepi^ratos  col- 
lected. 1  lu>  solution  oontmns  ammonium  guryunaU 
from  which  gurjunio  acid  is  obtained  as  a  pre - 
dpitate  on  the  addition  of  a  mineral  acid,  and 
it  may  tlien  Iw  recrystaliiscd  from  ether  or  alco- 
hol. Vl'crnur  fouiid  it  to  melt  at  220',  and  to 
boil  with  decomposition  at  Gmjnnio  acid 

ijt  soluhle  in  alcoliol,  benzene,  and  carbon  di- 
Biilphide.    It  may  bo  regarded  as  tri-hydratcd 
abietic  acid  thus:— C44H„()j,3H,0.    This  for- 
mula agrees  equally  well  with  vVemer's  data. 
It  is  probably  identical  with  tho  meta-copaibiu 
acid  of  Strauss  (v.  Copaiba).    A  compound, 
^^M^t*  yielding  a  diaoetate  is  obtained 
from  gorinn  d«o«resin  and  enters  commerce 
m    'r  .paivic   acid.'    It   is   crystalline,  melt* 
at  1.^0  -129  ,  itj  ijoluble  in  alcohol  and  ether  ■ 
but  insoluble  in  water  and  *lV*Kf  (Brix,  I 
Monatsh.  2,  616).    The  amorphous  roein  wluch 
constitutes  the   chief  part   of  the  resin  of 
wood  oil  consists  of  gurjoresene  C,,H,-0-,  m.n.  ' 
40°-43°   (Tschirch    and   Weil,  A^ch.  fharrS. 
841,  872^   The  dcpoaits,  largely  crysUiliinij  in 


character,  which  are  found  in  various  samples 
of  gurjon  balsam,  consist  of  resin -alcohola  or 
resin  phenols,  but  are  insoiubii;  in  *llrft|iftj  jn 
these  r^pects  resembling  omyriu. 

In  aoditiott  to  its  use  as  a  snhstitnte  lor 
copaiba,  wood  oil  is  empIo}<  1  in  India  M  a 
natural  varnish,  e^ipccijiily  for  tihips. 

LaManum ;  Ladanum.  A  sticky,  biack- 
brown,  soft  oleo-rewin,  flerivifl  from  Cistus 
polymorphua  (Wiilk.)  and  other  bpecifes  of 
Cistus,  inhabiting  the  Grecian  Archipelago  and 
ths  shores  of  the  MediteRaneaii  (f/.  Bead.  a. 
Trim.  84).  It  is  a  yariaUe  miztm«  of  resin, 
volatile  oiJ,  lmiiu,  wax,  and  earthy  and  woody 
impuritic&  I  he  odour  is  fragrant,  and  it  has  a 
bitter  taste.  Guii)ourt  {Hist.  Drogues,  3,  601), 
Polletier  (BuU.  Pharm.  4,  503),  JohnsUm  (Phil. 
Trans.  1840,  344 J,  Thisit.lton  Dyer  (Pharm.  d. 
[iii.]  16,  301  ;  16, 385,  779).  For  analytical  con- 
stants^  see  Dieteiioh  (Pharm.  Centh.,  40,  453). 

I^lMUll.  Lupslinic  glands ;  Lupuiina{Lupu' 
line.  Ft.  ;  Uopfendrit^tn,  Hojtfcmiaub,  Ger.). 
The  detached  minute  glands  of  the  strobile  of 
Bumvlus  Lupuhu  (linn.)  contain  vobUUt 
a  bitter  aad,  rmn,  icnkt^  and  pomUy  ao  aMa- 
loid. 

Commercial  lupulin  has  Leon  examined  by 
Jiarth(Cheni.  Zentr.  1900,  [ii.  j  681),  who  found  it 
to  contain  18'27  p.c.  of  ash,  63  93  p.c.  of  mat*  rial 
soluble  in  ether  and  36-07  jj.c.  of  lupulin  husks. 
The  portion  soluble  in  ether  contained  018  p.0. 
of  wax,  11*66  p.c.  of  a-res^  43*31  p.e.  of 
$-rcsin,  017  p.c.  of  ash,  and  8*72  p.0.  of  fat  oil, 
y-rtsin,  &C.  The  proportion  of  sand  in  com- 
,  mercial  lupulin  varies  from  10>9  to  20*2  p.o. 

TJu'  volatile  oil  wltich  exists  to  the  extent  of 
about  0  y  p.c.  (Fiuck.  a.  Hanb.  553),  consists 
according  to  \\  agner  (J.  1863,  516)  and  Personne 
,  (J.  Pharm.  Chim.  £iii.]  26,  241,  321  ;  27,  22 ; 
J.  1864,  654)  of  a  terpenc,  C^jH^,,  boiling  at 
175",  and  an  oxygenateii  compound  probably 
vakrtfl,  C,H,qO,  which  boils  at  210°  and  on 
oxidation  yields  valeric  acid.    The  latter  add 
has  aJ.so  been  detected  in  hops.    The  crude 
oil  boiifl  from  UO^-auO".    CJ.  Mehu  iThfese, 
I  Hontpellicr,  1867),  and  Ossipow  (■).  pr.  Cham, 
[ii.]  28,  448).     Chapman  (Chem.  Soc  Trans. 
I  67,  54,  780)  finds  that  the  oil  can  be  separated 
into  two  fractions  r  one,  boiling  at  JGQ°-171*, 
probably  a  mixture  of  fwo  hydrocarbons,  C,oH,f 
I  and  C^oHj,,  and  the  other,  a  sesquiterpene, 
humulene,  CjJT.^,  b.p.  leO'-HO"  (GO  mm.). 
The  latter  gives  a  cr\'stallinc  nitroesoehloriile, 
melting  at  164°-165''. 

The  resins  present  in  lupulin  are  divided  into 
soft  and  hard  resins,  according  as  they  are  soluble 
or  insolubh-  in  light  petroleum  (Uayduck,  Bicd. 
I  Zentr.  1887, 694).  The  a-resin,  a  soft  resin  precipi- 
tated hy  leiMl  acetate,  oontains  wUtpvlime  am, 
which,  when  pure,  i.s  extremely  resistant  tu 
cheiuical  reagents  but  is  rapidly  transformed  into 
a  resin  at  a  high  temper^  1 1  u  rc  ( Barth,  Chem.  Zentr. 
19CK1,  [ii.j  915 ;  SiJler,  Zeit.s.  h.  Nahr.  Genusem.  18, 
241).    Tiie  ;8-rcsiu,  which  is  also  a  soft  resin,  is 
not  precipitated  by  lead  acetate.    It  appears  to 
be  an  oxidation  product  of  an  oisanio  acid, 
fi'lufnJwie  add,  first  obtslned  from  hops 
by  Bungerer  (lUill.  S<.c.  chirn.  [ii.]  4.^^,  -189).  To 
prepare  lupulinic  acid,  lupulin  is  extracted  with 
n^t  petroleum  and  the  crude  crystals  trhich 
arc  obtained  on  concentrating  the  solution  are 
purified  by  recrystallisation  from  alcohol  and 
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afterwards  from  light  petroleum.  The  acid 
crystallises  in  glistening  prituuii  wliicii  welt  at 
9^  and  become  resinoUB  on  exposure  to  air 
(Barth  and  Lintncr,  Bor.  31,  2022).  The 
y-resin  is  iiieoluble  in  light  jietroleum.  Siller 
{Lc.)  finds  it  to  be  a  mixture  of  at  least  two 
diatiAot  resins  difieriog  in  cftrbon  oontent  and 
in  H^UlHy  in 

Mecca  or  Opobalsam.  BaJ  ofGikad.  This 
oleo-resin  i&  the  balm  of  the  Old  Testament  and 
the  Greek  writers,  and  is  the  substance  to  which 
the  name  '  balsam  '  wa^  nririnnlly  njij^lied.  The 
term  ha&,  however,  with  liie  advance  oi  discovery, 
come  to  btkre  another  meaning,  and  is  sow  em- 
{tkrfBd  in  a  generic  sense  for  tiKwe  resins,  oleo- 
twins,  or  gum^renns  which  contain  oinnamic 
<  I  I  vtjzoic  acids  (compare  Bai^a&ks).  Mecca 
uleo-reain  is  the  product  of  Commiphora  Ofih 
MMNRvm  (Engl),  a  tree  growing  in  AmM*. 
Trommsdorfi  (N.  J.  T.  16,  62)  finds  it  to  conBiet 
ol  wAdiU  oU,  30  p.c. ;  sojl  resin  inaoiubh  in  ako- 
hei,  4  ikflL  ;  hard  rcein  soluble  in  alcohol,  64  p.c. 
A  specimen  analysed  by  Bonastre  (J.  Pbarm. 
18,  06)  containea  only  10  p.c.  of  volatile  oil, 
and  tJn;  teller  constituents  were  corresx>ond- 
ini^jr  higher.  In  phjsiologioal  action,  the  oleo- 
radn  is  allied  to  eopubft  aid  the  tuimntinee. 

HardwIckSa  plnnata  oleo-restn.  This  cko- 
resin  i&  an  Indian  substitute  for  copaiba.  It  is 
denved  from  a  tree  nearly  related  to  the  Cojxii- 
fern,  which  inhabits  the  fr  rcpts  of  South  Tra- 
vancore  Ghats  and  South  Liiiiiira.  A  bpccimen 
examined  by  Fliickiger  and  llanbury  (Fliick. 
a.  Hanb.  iSi)  was  a  thick,  blaok-looking, 
yiseld  flidd,  ▼Ueh,  vheo  ^ewed  by  transmitted 
light  in  thhi  layeiSi  waa  yellow-green  or  vinous 
red,  according  to  the  thickness,  it  had  nu 
Huorescenoe^  nor  was  it  gelatinised  by  heating, 
as  is  the  ruse  with  wood  oil.  Broughton 
(Beddows,  ilcjra  Sylv.  S.  India,  Madras,  1872, 
266)  found  26  to  40  p.c.  of  volatile  oil  (CjHJ,, 
boUiog  «t  225°.  From  the  rectne  this  obeecrer 
ma  nneUe  to  prepare  copaiTio  aoid. 

Mlnjak-lagain.  An  c)leo-re8in  resembling 
gnrjun  was  eramined  by  Uaussner  (Arch. 
Fharm.  21,  241).  It  is  dingy  green  by  reflected 
and  yellow  by  transmitted  light.  It  in  soluble 
in  alcohol,  ether,  benzene,  chloroform,  or  carbon 
disulphide,  and  yields  33  p.c.  of  volaiile  oil 
C«oH,„  boiling  at  250°.  The  rcain  is  cc nip  sod 
of  an  acid  C7H,40,  and  a  neutral  constituent. 

Sumbul  oleo-resin  {Racine  de  evmbul. 
Ft,  i  Sumibulmtnd,  Moechtmimrzel,  Gvr.  ).  The 
root  ol  Fmda  Sumbtd  (Hooker),  or  musk 
root  (Bentl.  a.  Trim.  131),  a  perennial  phmt, 
inhabiting  the  mountains  of  Ma£hiji.ti^  jj^ 
Khanate  of  Bokhara.  ^Vlien  extracted  with 
ether  it  yields  about  0  p.c.  of  a  fr.si"«,  having  a 
musky  odour  and  \  p.c.  of  a  bluiiih  volultle  oil. 

I'veinsch  (Jahrb.  pr.  Pharm.  6,  300  ;  7,  79 ; 
13,  68),  by  dissolving  the  re.sin  in  aliiali  and' 
precipitating  with  water,  ol>t, lined  a  salt  of 
9umbulamic  acid,  together  uitli  some  angclate, 
the  two  bein^  separated  by  the  easier  solubility 
of  the  latter  in  water.  Jrce  sumbalamic  acid  is 
a  turpentine-like  ma^.=i,  wlueh  as-snmes  the  form  of 
soft  ydlow  needles  on  i>tii,ndjng.  Compare  also 
Reinsoh  and  Riedur  (Jsrhb.  pr.  Pharm.  16.  12). 
The  existence  of  an  alkaloid  ^nmbtdine  in  the 
resin  has  not  been  confirmed  (cf.  Murawieff.  Dub. 
Quart.  .1.  1852.  205).  Soimtier  (.Ar.h.  Piiarm. 
138,  1)  investigated  sumbul  root.   On  dry  dis> 


tillation,  the  oleo-re.'iin  gives  first  a  greenish 
mobile  oil,  smelling  lik&  creosote,  then  a  blue  oil, 
lighter  than  water,  and  with  a  peculiar,  not  very 
n}:reeabh',  odour.  Together  with  these,  the 
same  oL&cr\ er  found  crystals  of  utnbeUiSeroint* 

Turpentine.  The  oU  o-reainoua  emdates  of 
vaiioQS  qpedes  of  Con^ferce, 

Crvde  or  eommen'  fiirpeiiMw.  This  is 
derived  in  Russia  and  Finland  from  the  Pinm 
sylveidris  (Linn.),  or  Scotch  pine;  in  Austria 
and  Corsica  from  P.  Laricio  (Poiret) ;  in  South- 
western France  from  P.  Pinaster  (Solander) ; 
and  in  the  United  States  from  paluMris 
(Mill.),  the  swamp  pine  and  the  Ixiblolly  pine, 
P.  Tceda  (linn.)  (flfidu  a.  Banb.  604: 
Bentl.  a.  Tdm.  566-269).  Tsofairch  and 
Nieder.stadt  (Arch.  Vhnrm.  239,  167),  using 
tlie  method  of  examination  of  resins  already 
described,  find  the  deo-reain  from  Pinua 
syh  esiris  contains  :  rihtolic  acid,  1  '6  ;  silvinolic 
acids  a&ad  fi,  5H-60;  eiisential  oil,  15;  sih  orestne, 
20-21 ;  bitter  substance,  succinic  acid,  and  im- 
purities, 1-2  p.c  Sohkatelofi,  Chem.  Zentr. 
1908,  i.  2097). 

The  re.sin  fmm  Finns  luririo  f  Puiret),  Austrian 
turpentine,  melts  at  about  100"  and  has  a  yellow 
eoloiir  which  on  expoenre  to  light  becomes  red. 
On  boiling  with  water  for  a  long  time  and  then 
extracting  with  ether,  ealleic  and  fcrulic  acids 
were  obtained  and  also  vanillin  (l^amberge^ 
Monatsh.  12,  479).  The  re.sin  is  resolved  on 
digestion  with  ether  into  an  a-modijicaiiCH 
(80  p.c),  which  is  soluble  in  ether,  and  a  fi' 
modifitaiion  {SO  p^c)  insoluhle  in  ether.  When 
eaceees  d  potash  is  added  to  an  aloohoUo  sohi- 
tion  of  the  a-resin  or  of  1  he  crude  resin,  a  colour- 
less ciystalline  potassium  compound  is  formed 
which,  when  tieated  with  hydrochloric  acid, 
,  gives  a  powdery  precipitate  of  piriorcsivol. 
I  The  cafieio  and  ferulic  acids  are  in  all 
;  probability  present  in  an  uncombined  state 
(Bamberger,  Monatsh.  16,605).  Pinoresinol  can 
be  obtained  crystalline,  m.p.  122°.  and  has 
the  composition  Cj^HaoOg.  The  /3-re8in,  on 
purification,  forms  a  chocolate  brown  powder 
end  appears  to  have  the  oompoaitioii 

C,oH,«0.(OMe)j. 

Ita  properties  are  thoae  ot  a  tannol  whence  it  is 
named  ptnofem'ttotofMiet  (Bamberger  and  Land* 

siedl,  Monatish.  18.  -181).  Tschirch  .-Tifl  Schmidt 
(Aich.  I'harm.  241,  570)  found  lOo  parts  of 
the  oleo-resin  to  contain:  larkopiHic  octd,  85; 
hiricopinonic  acid,  M  ;  CF.s;cntial  oiJ,  35;  resen, 
2  ;  water,  bitter  substance  and  impurities,  3-4 
parts. 

Tschirch  and  Bruning  (Aioh.  Piiarm.  238, 
630)  find  in  Bordeaux  turpentine,  the  oleo-resin 

of      Pj"/)H.v/«r  (S(jlaiidcr),  6-7p.c.  of  pimaric  acid 
C«H^O„  crystals,  m.p.  144-°146'' ;  48-CO  p.c. 
of  w  and  ji-]nfiiaro/tc  acii$i   28-30  p.c.  of 
essential  oil ;  5-6  p.c  of  rescue;  and  1-2  p.c.  of 
.  succinic  acid,  alkaloid,  colouring  matter,  water, 
'  and  impurities.   For  concrated  French  turjwn- 
tinc,  common  Irankinoense  or  galipot,  see 
I  Resins. 

I'inus  pnlustri^  (Mill.)  i.n  the  '  long  haf  jiinc  ' 
of  the  United  States  and  is  the  cliief  source 
of  the  turpentine  and  resin  prepared  then. 
In  10"  jinrt.s  of  the  oleo-resin,  there  are  con- 
tained palubitnic  acid  Cj^HjoO.,  m.p.  110", 
5;  palaiittic  acid,  CmH^oOj.  m.p.  153  -154°, 
&-7|   ptOMttinoHe  aeidt,  Cj^UtiO,,  53-57; 
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cssentiiU  oil,  20-22;  ■pahresenr,  1ft;  Ijitttr  sub- 
stance, impurities,  ami  uutci,  2  3  puiljj  (  iiciuxtii 
and  Koritaclioner,  An-h.  riuirm.  240,  568). 

Canada  IvrpetUinef  Canada  baUim,  HtUtam  \ 
of  fir.     A  product  of  tlie  bnlMm  or  balm  of  I 
tiiiciiJ  fir,  the  Abies  hcdsdmai   fMill.)-  Thw 
is  incorrectly  called  balsam,  and  it  must  not 
be  confounded  \«ith  true  balm  of  Gilead  or  Mecca  i 
h  dsani  {rf.  Fhak.  a,  Hanb.  612 ;  Bontl.  and  I 
Triru.  'H'kV).    A  .similar  turpentine  is  obtained  i 
from   the  hemlock  bpruce,  Ttuga  canadensis 
(Carr.).     This    has     been    inv^tigated  by 
Tschirch  and  Bruning  (Arch.  Pharm.  238,  487). 
100  parts  of  the  turpentine  contain  Ciituuiir  acni 
C|,H,40to  m.p.  135''-130^  13;  canadolic  acid 
Ci«H„0„  crystelHae,  m.p.   143*•>145^  0>3; 
a-  and  fi-canadinoUc  aci'Is,  C'l^Hj^iO^,  ni  p.  SO**- 
95",  48-60  ;  essential  oil,  ;  cumidoicaene, 

11-12  ;  succinic  acid  and  impurities,  1-2  parts. 
The  oleoresin  also  containn  an  alkaloid  soluble 
ill  water.    On  dry  distillation,  formic,  acetic, 
And  succinic  acids  arc  farmed. 

Venice  tMrpenline,  Larch  turpentine.  The 
exudate  of  toe  lardi  Lariat  deciidtia  (Mill.), 
mostly  obtained  from  the  Tyrol.  Tschirch  and 
Weigel  (Arch.  Pharnu  238,  387)  have  isolateil 
laricinolic  acid,  C^^^Ot,  m.p.  147  -148° 
erystals,  p.p.  ;    o-  and  fl-  lurinohc  acids 

C,plijgUj,  wJueh  may  be  identical,  Jo-dU  p.c.  ; 
essential  oil,  20-22  p.c.  ;  resene,  14-15  p.c.  ; 
alkaloid,  colouiing  matter  and  impurities 
2*4  p. ;  sueoinie  add,  0*1  p.c.  (cf.  Bam- 
berger, Monatsh,  18,  481;  Bamberger  and 
Landsiedl,  ibid.  20.  755). 

Stmuiburg  turpentine  is  the  yield  of  the 
Silver  fir  {Sapin,  Fr.,  Weisetatme  or  £dd- 
tonne,  Ger.).  Abies  pectinata  (DC).  The 
market  is  supplied  chiL-tiy  from  the  Vosgcs 
(Fliick.  a.  Hanb.  615;  Bentl.  a.  Trim.  262). 
In  100  parUi  the  turpentine  contains  eibienie  add 
(',.}[,,U.,  m.p.  lU^-llS",  8-10;  abietric  acid 
crystalline,  CmH|.0,»  m.p.  145°-153%  1&-2 ; 
a-  and  0>  a&w(MMlie  adife,  46-60 ;  essential  oil, 
28-31  ;  abietoreeene,  12-16  ;  alkaloid,  colouring 
matter,  water,  and  impurities,  1-2;  succinic 
add,  0-05-008  part.s  ^ Tschiroh  and  Weigel, 
Arch.  Pharm.  238,  411). 

Hungarian  turpentine  is  obtained  from  the 
Pinue  Pumilio  (Uaenke). 

Chian  turpentine  is  the  turpentine  of  the 
older  writers,  aiMl  is  deriTed  from  a  small  tree, 
Pistacia  Ti  rdnnthus  (Liiui.),  whii  h  inhabits  the 
shores  ui  the  Moditerraueau  aiul  Asia  Minor. 

Jura  turpentine  is  the  product  of  Picta 
ercd^n  (Link).  The  ie>in  nielf.s  at  about  HX)"^ 
aud  when  bulled  with  Witter  \:\\Vii  an  aijueous 
extract  which  contains  p-coumaiic  acid  and 
vaniUin  (Bamberger,  Monatsh.  12, 441 ).  Tschirch 
and  Brfining  (Arch.  Pharm.  28S,  616}  isolated 
piceapimarinic  acid  CtoUgoO^.  rrv-^tals,  m.p. 
144°-145'',  2-3  p.c. ;  piceapimaric  actd  V.  ,H,oO„ 
1-5-2  p.c.  ;  a>  ana  /S*  piceapimarolic  acids 
C„H„0„  48-50  p.c.  ;  essential  oil,  32-33  p.c.  ; 
juTorescnr,  10-12  p.c.  ;  succinic  acid,  alkaloid, 
colouring  matter,  water,  and  impurities,  1-2  p.c. 
(«/.  Tschirch  and  Kuch,  Arch.  Pharm.  240,  272). 

The  reein  from  Pinna  halepensis  (Mill.)  is 
used  in  Greece  for  prcscrvinu  and  tbivouring 
wine.  It  1ms  been  investigated  by  i^chirch  and 
Schuh  (Arch.  Pharm.  245,  166). 

Tho  resin  oil  fn.m  Ptnus  lr,iiq\J<,lia  (Roxb.), 
a  tree  indigenous  to  the  lower  Himaiuyos,  furius 


a  white  rather  tough  opaqtie  ma^s  and  has  a 
giauuhir  structure  which  i.s  due  t<>  the  partial 
crystalli-sation  of  the  re:*in  utid.  Its  odour  is 
extremely  pleasant  and  somewhat  resembles 
that  of  limonena.  DistQled  with  steam  it  yields 
18-5  p.c.  of  essential  oQ  (Babak,  C3Mm.  Zentr. 
1905.  [ii]  896). 

The  resins  of  tho  Norway  pine,  Pinus 
resinosa  (Solandrr)  and  the  Douijlari  tir.  P.^tudo- 
tsuga  Doiifjla&ti  (Cair.),  have  been  investi|iiited  by 
Frankf.-rter  (J.  Amer.  Chcm.  Soc.  28, 1467  ;  31, 
561).  Russian  '  M-hite  pitch,'  which  is  probably 
the  product  of  .<46Kj»»ifciWco  (Ledeb.),  orof  Pifea 
obomtn  (Ledeb.)  has  bcenexminu  d  b\  Tschirch 
and  Koritschoner  (Arch.  Pharm.  240,  584). 
Brooks  (PhUippine  J.  ScL  1010  ^A]  5,  229,  has 
examined  the  oleo  re.'sin  of  Pinus  insufaris 
(Endl.)and  the  resinous  saps  from  various  nines 
have  been  investigated  by  Schkatdoff  (Cliem. 
Zentr.  1908,  i.  2097). 

Tar  V.  Ti  )trK,NTiNi;.  A.  S. 

OLIBANOL  Cj,H|40  is  an  lUcohol  contained 
in  frankin8cen<M  oiL  It  forms  a  yellow  oil  with 
an  odour  of  feankinsoence,  b.p.  217**/^  mm., 
333-334   757  mm.  j  sp.gr.  0  0606  at  20";  la]^^ 

—  71-50.  \\  hen  warmed  vrith  an  equal  weight  of 
zinc  chloride  it  \  ieidt.  a  ^leen  oil,  b.p.  315°-318''/ 
749  mm.  ;  t^p.gr.  U-9400  at  20". 

It  is  not  attacked  by  alkaline  potassium 
permanganate,  but  is  completely  decomposed  by 
chromic  acid  (Haensei,  Chem.  Zentr.  1908,  i. 
1^37  :  ibid.  iL  1436). 

OliiVB,  the  fruit  of  Ofaa  emroptfi  iLmn.). 

Many  varieties  are  known.  The  fruit  is 
largely  it&ed  as  a  source  of  t)liveoil  {v.  OuvK  Oil.). 
It  usually  consists  of  about  80  p.c.  of  flesh  and 
rind,  17  5  p.c.  of  stone,  and  2*6  p.c.  of  eeed. 
All  parts  of  the  fruit  eontain  oil,  but  the  best 
isobtained  from  the  ih  ,-h.  Aeo'idinj:  to  Konig, 
the  foUowiug  gives  the  average  composition  of 
tlw  -?ark>ns  parts  of  the  fruit : — 

CsrbobydrstM  ^ 
Water  Protein  Fat  andilbte  Asa 
Flesh  .  30-1  5-2  51-9  10-6  2'8 
Stone  .  0-2  3-6  28  83'3  I'l 
Seed  .  106  18-6  31*9  36*7  8*2 
whilst  the  ash  has  the  folb  wing  percentage  com- 
position :— 

JktO  N»iO  CaO  MgO  Fc,0,  ^.O,  SO,  SIO,  CI 
Flesh  WO  7*6  7*6  0-2  0-7    1'8  M  0  7  0-2 
St-.ne  r.S-8  fi  G   7  5  0-4   0-8  10-7  3:1  1  :5  4-7 
•Seeds  liO:;  2U'M-i  1-2    0-1  2S-2  2  4  .VI  O'l 

The  iruit  hii**  uu  lucipid,  bitter  la>t  i  .  and  in 
u.suallv  pickled  before  being  eaten,  salt  and 
spiceti'b'  in-  u.  td  f./r  the  purpose.  ThefoUowing 
are  American  analytes  ot  the  edible  j)OrtionS  Of 
pickled  oliTes : — 

Cnrbohydrate* 
Water  Protein  Fat  and  Hbte  X»h 
Green  olives  .    58  0     M    27-6      U-6  1'7 
RipeoUves   .    647     17    209       4-3  3'4 
Ground  olive  stonw  or  *poivrette*  have  been 
used  to  adult. rat.   ],vy,]>rv  (r.  Wynter  Blytb, 
Foods;  ahw  Martclli,  btax.  bi>er.  Agrar.  1895, 
28,  68).    For  results  of  theexaminntion  of  olive 
leaves  and  bark  r.  t  'lnzon  ri  (Gazz- chim.  ital. 
1906.   36,  [ii.]    37:1)  aii.i    Power  and  Tutin 
(Chem.  Soc.  Trans.  lOilH.  93.  S9l,  VK)4).  Accord- 
in:.  io  Bourcpielot  and  Vintiksco  (Ompt.  rend. 
iMS,  1  »7,  533),  olives  conUin  a  glucoaidc— 
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oleoeuropcin — a  yellow  powder  with  bitter  taste.  In  mofit  of  the  smaller  works,  the  kep  '.  1^  .no 
lufdrolysahle  hy  emohun,  whii  h  is  present  in  i  not  lemoved  and  aie  oruahed  tc^gether  w  itli  the 
the  frait,  leavest  and  bark,  yielding  dextrfme  I  fruit.  In  large  eetablidimeiit^  howevc-r,  the  ker- 

(fb  also  Power  and  l\itin,  Pharm.  J.  lliOS,  [iv.]  nelsiiro  removed  and  crushed  separately,  yielding 
27»  714  ;  and  Vanzetti,  Atti.  R.  Accad.  Lincei,  olive  kernel  oil.  (See  tables  Una,  JBixsD,  aud 
19Ui>,  is.  ,j.  188).  H.I.      I  Fats).  Theiepeatediy  pressed  pulp  (' grignons ') 

OLIVE  OIL.  Olive  oil  ia  obtiunwl  from  the  still  contains  a  oonsiderable  amount  of  oil, 
fruit.il  uf  this  olive  tree.  Glut  tumpam  {mtivu),  L.  vanning  from  lU  to  22  p.o.  This  pulp  i»  beaten 
The  olive  tree  is  probably  indigenous  to  Western  |  witA  hot  water  in  speokd  mflb — moulins  <U 
Aaia^  but  was  at  an  early  date  introduced  into  ressenee — resembling  edge-runners.  The  oil  colls 
all  the  oountrioi  bordering  on  the  Mediterranean,  are  thereby  further  broken  up ;  the  ground  mass, 
Ruccutly  tlio  cultivation  of  the  olive  tree  h;vs  together  with  the  water,  is  then  ulioweii  to  nin 
been  introduced  into  Caliiomi^  South  Airica»  |  into  a  aeries  of  Tesselfl!,  arraoged  in  tiers*  where 
and  Auatralia>  The  olive  tree  tliriTea  best  in  a  '  the  water  separatee  from  the  oil  and  broken 
sub-tropical  climate,  and  its  successful  cultiva-  cellular  ti.ssucs.  The  oil  iiml  the  tissue  rise  to 
Uon  extends  in  Europe  aa  far  north  as  latitude  tho  buriactj,  to  bo  skimiuud  od,  whilst  the 
44^^.  In  Amorioa»  it  aoaroely  extends  to  heavier  crushed  kernels  fall  to  tlie  bottom, 
latitude  34^.  Attempts  ln-.ve  iiisu  been  made  The  latter  are  known  as  '  <jr{<jv>>t'  7>inrc  blauc' 
in  several  parts  ol  India  to  uuitivatc  the  olive  The  euiulsjiuu  of  oil  and  cellular  u.hsuu,  wJiieh 
tree,  but  although  it  groWB  well  and  floweCi^  the  has  been  skimmed  off,  known  as  '  grignon 
fruit  sddom  matures.  marc  notr/  is  heated  and  subjected  to  a  fresh 

The  olives  intended  iot  ofl  production  are  expr<»sion  in  a  hydraulio  press.  The  oil  so 
gathered  just  before  the  period  of  maturity,  as  obtaiued  is  termed  '  huile  do  ressenee,'  and  the 
tlie  oil  obtained  from  the  barely  ripe  fruit  is  .  pressed  residue  is  known  as  '  tourteau  de 
much  su]K«ior  in  quality  to  that  obtahied  from  I  ressenee.*  The  MmIb  rwence  is  allowed  to 
fully  rij)e  or  over-ripe  fruits.  rest  in  large  tanks  at  a  somewluvt  elevated 

The  prupurtiun  of  oil  in  tliu  fruit  goes  uu  ttimperaturii,  when  a  Klaax  oil  se])aratcs  on  the 
increasing  to  the  maximum  found  in  fruit  top — *  huile  ciaire  de  ressenee  ' — aud  a  lower 
which  has  reached  complete  maturity ;  it  then  layer  of  thicker  oil  *  Olive  Oil  Grease '  (fdU  de 
decreases  slowly.    The  ripe  olives  contain  up  ressenee)  settles  out. 

to  70  p.e.  of  oil.  This  ligure  i.s,  however,  an  In  some  establishments  the  mare,  instead  of 
exceptional  one,  the  fleshy  part  of  the  best  i  being  boiled  with  water,  is  thrown  into  pits 
cultivated  dives  contaimog  only  from  40  to  |  where  the  pulp  undergoes  a  kind  of  fermentation, 
60  p.r.  of  oil.  The  Algerian  olives  var\'  in  their  ;  whereby  the  oil  is  set  free  and  gr  i  I;).i!ly  risen  to 
pruiK»rtiou  of  oil  within  wide  limits,  from  tho  top.  Oil  of  this  kind  is  know  n  us  '  huik 
10H>3  p.c.  to  32-98  p.c.  (in  the  Jemmap  olives),  d'enfer.'  Tho  name  'huile  d'enfer '  is  applisd 
The  Califomian  olivea  al^o  yield  much  smaller  also  tu  oil  wliich  has  settled  out  from  th*-  wist^'r.'? 
quantities  of  oii  thau  thu  best  cultivated  obtaiued  from  the  press  after  moistening  and 
Suropcan  varieties.  boiling  the  pulp,  which  luu  been  stored  in 

The  techniosl  processes  employed  for « the  1  nndernound  cisterns  ('enfers*).  To  this  class 
TOoduotion  of  olive  oil  are  still  represented  by  '  of  ofl  oelong  the  bagassa  (bagasse)  nil.'',  which 
both  tho  oldest  and  enule<it  procei.sei  (,see  pre-  are  obtained  principally  in  Feirtugal  from 
pacaUon  of  Oils,  Fix£D,  jlsd  Fats)  and  by  the  ;  fermented  marc.  These  oils  contain  as  much 
most  modem  methods  adapted  to  large-scale  '  as  60-70  p.c  of  free  fatty  acids, 
working.  '  Toumant  oil '  is  a  commercial  prodtict  of 

Thu  very  finest  oik  axe  obtained  from  hand-  the  quality  of  the  '  huiles  d'enfer,'  obtained  from 
picked  fruits  by  first  crushing  them  in  a  mill  the  fermented  marc  of  expressed  oliveti ;  it 
without  breaking  the  kernels.  Exceptionally  contains  a  cohsiderable  quantity  (up  to  26  p.c.) 
fine  qualities  are  prepared  by  peeling  hand-  of  free  fatty  acids,  and  therefore  forms  a  very 
picked  fruits  and  pressing  lightly,  after  carefully  complete  emulsion  (which  constitutes  its  value) 
removing  the  kernels.  The  crushed  marc  is  i  with  a  solution  ot  sodium  carbonate.  Such 
then  expressed  in  a  hydraulic  press ;  tBe  oil  so  I  Turkey-red  oil  was  fint  employed  for  this 
obtained  rank.s  as  the  best  edible  oil— '  Aui7«  purpose  by  Haus.smann,  1702,  and  tkeo 
vierge,'  '  huile  tmrjuu..'  Conimen-inl  branci.s  of  commended  by  Koechiin  Preres, 
this  quality  are  'Provence  Oil,'  '  Ai\  Oil/  The  oslw  ranaimng  after  the  removal  of  the 
*Kice  Oil,'  '  Var  Oil.'  The  <.il>j  .s<t!d  as  '  Finest  hvik  de  rcftttmcF,  termed  *  tourteau  de  ressenee,' 
Tuscan  Cream,*  '  liivieta  Oils  '  (Uenoa),  '  i!aii  or  "  sanza,"  iii  tiually  deprived  of  its  last  content 
Oils '  may  also  ))e  ranked  amongst  the  best  of  oil  by  extracting  with  solvents,  sometimes 
edible  oiiSf  although  they  are  distinotiy  lower  in  after  a  preliminary  drying.  The  solvent  usually 
value  than  the  oiu  of  the  South  of  Flraace,  and  I  employed  in  Fktinoe  and  Italy  is  carbon  di- 
come  nraror  tho  fullowinj^'  8ome\\  h.it  inferior  siilphide.  HctKe,  these  oil*  are  termed  *  sulpho- 
quaiity.  This  in  obtained  by  pouring  some  cold  carbon  oils,'  '  sulphur  olive  oils.'  They  have  a 
water  on  tho  mure,  after  the  pressure  in  tho  deep  green  odour,  duo  to  the  chlorophyll  whioh» 
li\(lr;udii^  piv,s.H  ha.s  been  released,  and  pres^iing  has  been  extracted  by  tho  solvent,  and  rnntain 
again.  Sui;ii  iulcriur  oil  ia  also  sold  jui  an  edible  |  tho  more  solid  portHJn  of  olive  oil  which  has 
oU,  either  alone  or  mixed  with  the  oil  of  the  first  remained  beliiiidiii  the  pulp.  These  oils  contain 
eamression  as  '  Salad  Oil,' '  huiU  fine,'  '  kuiU  de  large  proportions  of  tne  UUj  aoids  as  also 
taSte  ordinaire*  notable  amounts  of  lactones. 

The  ]<ulp  left  in  the  press  yields,  after  mixing        For  tho  phyisieal  and  <  iu-mical  characteristics 
with  hot  water  and  preseing  once  or  twice,  a  see  tables  Oils,  Fixxd  ax  d  Fats. 
bright  oil  used  for  lubricating  purposes,  as       Some  Tunuian  dive  oih  are  so  rich  In 
Imhag  oil,  and  for  soapmakiiig.  glyoerides  <rf  solid  fatty  acids  that  they  deposit 
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OLIVE  OIL. 


*  stearino '  on  standing.  ^Honce  they  arc  uusiilt* 
a  bio  for  tablo  oUu.  Therefore,  Huch  Tuuuiiaa  (hIs 
inu8t  bo  '  demugftdiMited  *  (aeo  Uiu»,  Fsxav, 

The  extmoted  oake  is  sold  as  ninnnre.  The 
prctia  re^i<liuvs  which  have  yiehkd  .superior  kinds 
of  olivo  oil,  would  bo  Miitabie  fur  foediug  cattle  ; 
but  AS  the  oil,  wliieii  mb  be  easily  reooivwad  by 
extraction — about  10  p.c.  of  tin  i  lucs — is 
tou  valuable,  olive  cakes  ate  only  uisuU  locally 
and  to  on  meoiuidemUe  ezleot  m  oattle 
food. 

Olive  oil  typifies  omineiitly  a  nuu-dryiug  oil. 
On  .KM'ount  of  it»  comparatively  high  price,  it 
iH  adulterated  to  aa  enonnooa  extent.  Uow 
far  the  Uendfag  of  vacloae  olhre  ofls  of  different 

qualitiea  should  bo  considered  as  ati  adultcrutiuii 
must  be  decided  in  eaoh  given  case.  Un- 
doubtedly the  '  finest  Nice  oil.'  which  has  been 
prepriml  by  blending  a  genuine  Nice  <>il  with 
Tutusiau  oils  or  other  ohvo  oils,  nixxnt  be  con- 
sidered as  of  inferior  quality.  At  present,  olive 
oil  i«  most  ireqoently  adulterated  with  arachis 
oU,  ae  the  detection  of  this  oil  offers  greater 
difficulties  to  tho  annl\\it  than  thu.w  niU  which 
were  previously  used  to  a  much  greater  extent, 
VI/..  (otton  seed  oil,  sesamd  oil  (rape  oU).  The 
adulteration  with  liydnitarlxins  has  practically 
ceased  iov  the  biiuple  rciusou  that  they  are  tou 
easily  detect**<l.  J.  L. 

OLIVINE.  An  abundant  rock-foiming 
mineral  consisting  of  magnesium  orthosiiicatt- 
with  variahio  amounts  of  fcnon.s  orthosilicate, 
(Mj:4ieJ^i04.  Crystals  are  orthorhombio,  btttj 
of  fue  ooeurrBOoe ;  granolar  maasee  are  more  | 
common.  The  colour  rangesfrom  pale  ycllowish- 
green  to  bruwn.  dcj)endiia^  on  the  auiuunt  of 
iron  present.  Tho  mineral  is  decomposed  by  hot 
h> (Irix'hKiric  acud  with  sepanitiou  of  I't-lati-i'i'i-! 
bJiJiia.  It  uccurtj  in  many  Ltasic  and  ultra- basic 
rocks  of  igneous  origin  (basalt,  gabbro,  perido- 
tite»  Ac),  and  it  is  an  important  constituent  of 
stony  meteoritee.  Deposits  ci  diamond,  plati- 
num, cliromite,  and  nickel  uics  aro  usually 
associated  with  uUvme-rocks ;  and  bj  the 
weathering  of  these  rocks,  serpentiiie  and 
associate  !  rl:-j»,jsits  of  steatite,  magnrsitc,  and 
meerschauni  aro  formed.  The  only  direct 
practical  application  of  olivine  is  as  a  gem* 
stone ;  the  clear,  transparent  stones  are  yoUow- 
ish-greon  (chrysolite)  or  rich  olivo-grecn  (peridot) 
in  colour.  iSuch  mat'C-rial  comes  mainly  frciin 
the  ishuid  of  HL  John  in  tho  Bed  iiea,  aud  it  is 
also  eoUeoted  from  aat-hills  in  Arisona  sad  New 
Mexico.  L.  .T.  S. 

OMEIBE.  A  drink  resign  bling  koumiss,  pre- 
pared by  the  natives  in  Siiuth-Wost  Africa  by 
nlling  gourd  bottles, . which  contain  some  fer- 
mented milk,  with  milk,  .nhakiiiL;  w  cii  and  ailow- 


cotton  materiob. 
particularly  bril- 


dycins  woollen,  linen  nnd 
The  colour  in  fast  and 
liant. 

The  dyestuff  present  i.s  in  reality  qiurceiiti, 
and  this  can  be  isolated  from  the  skins  to  the 
extent  of  1  p.c.  by  mere  extra<;tion  with, 
boiling  water  (Perkin  and  Hummel,  Chem.  Soc 
Trans.  1890,  60,  1290).  A.  O.  P. 

ONOFRITE  r.  MEBCt  rv  :  al  Sr:ri.nilUM. 
ONONIS  ROOT.  t^jntaiua  a  glucoside 
cwmin  C,5H,,0„,  fonning  colourless  needles, 
m.p.  210'',  documpnsed  by  dilute  acids  into 
dextro.se  and  onomtuL  (i.  Henniielniavr,  .Muuatsiu 
lOir;.  1  1  i;  J903,  132). 

ONYX.  A  varietj  of  ohaloedonic  silica 
differing  from  agate  ow j  in  the  sttaightncss  and 
parallelibui  of  it.s  ditTercntly-coloured  layers, 
and  su  suitable  fur  engraving  as  cameos.  The 
alternate  bands  of  colour  are  usuaUy  white  sad 
black,  or  white  and  red  ;  in  sardonyx  they  are 
wliite  and  browu.  ilu^i  of  the  onyx  with 
intense  differences  in  colour,  as  now  placed  on 
the  market,  has  been  coloured  artificially  by 
chemical  means  (v.  Aoate).  L.  J.  "S. 

ONYX-MAEBLE,  Algerian  onyx,  Mexican 
onyx,  or  '  Orientid  alabaster'  (aJso  called 
'  onyx '  in  ancient  times  and  in  the  marble 
trade  of  the  present  day).  A  banded,  trans- 
lucent variety  of  hbruus  i»r  granular  caicite,  or 
marble,  susceptible  of  a  fine  polish,  and  muoh 
used,  both  in  ancient  and  modem  liriics.  ns  an 
ornamental  stone.  The  coluu  ration,  which  is 
distributed  in  bands  or  cloudy  patches,  is  due 
to  the  presence  of  ferrous  carbonate  and  ferric 
hydroxides,  and  to  a  less  d^^  of  manganeee 

oxides  and  oifj;anic  itiatter.  For  example,  a 
green  marblo  from  Arizuna  cuutained  4*27  p.c. 
FoCO,,  and  in  its  brownish-red  (oxidiseil) 
portions  I  22  p.c.  FeCOj  with  3-53  p.c  FcjO,. 
i  lie  percentage  of  c^iicium  carbonate  rarely  falls 
below  90.  Onyx-marble  is  quarrie<l  in  Algeria, 
Mexico,  and  Amona.  (jS'cc  G.  P.  Merrill,  The 
Onyx  MarUes ;  their  Origin,  Composition,  and 
Uws,  l)otli  Ancient  and  Modern.  Rep.  U.S.Nat. 
Mus.  fur  18U5,  53\) ;  G.  P.  Merrill,  Stones 

for  Building  and  Decoration,  3rd  edit..  New 

Yorlr.  I'Hi3.  L.  J.  S. 

OOPHQRIN  V.  Synthetic  Dauqs. 
OPAL.  Colloidal  silica,  ooeoinqg  DatiTO  in 
botryoitlal  and  stalactitic  forms,  or  as  irregolar 
masses  occupying  cracks  and  cavities  in  certain 
rocks.    It  is  s<ifter  and  less  dense  than  <|uart7  ; 
its  hardness  being  only  5^  to  6^,  while  its 
8p.gr.  varies  with  the  imparities  present  from 
1*9  to  2*3.    Being  non-rrj'stalline  it  should 
exhibit  single  refraction,  but  many  variuUcii, 
especially  of  noble  opal,  arc  sjf  ongly  biref  ringent; 
the  anomaly  being  probably  due  to  tho  strain 
set  up   by  unequal  contraction  in  different 
mg  to  stand.    It  i.H  a  thick,  semi-coagulated  directions   during   the    solidification    of  the 
liquid,  possessing  a  plensant,  wine-like  smell,  |  gelatinous  mass.   Opaline  silica  is  nearly  always 
and  a  slightly  sonr  taste ;  it  oontains  a  little  |  hydrated,  but  tiie  proportion  of  water  varies 


idcohol  (Arch.  Pharm.  1SS7.  74 1). 

OMEROL  t',  Synthktic  Uruos. 

ONION  SKINS.  The  outer  dry  skins  of  the 
bulb  of  the  oru'iin.  Allium  Ccjxi  (Linn.),  were 
furuicrly  cmnlu^cd  for  dyeinj?  purpises.  Ac- 
cording to  J^euclis  (Farben  und  FSrbekunde, 
1825,  L  434),  the  outer  skins  of  onion  bulbs, 
which  are  <w  a  brownish-orange  colour,  have 
\<>n'^  been  used  in  Germany  for  dyriiif;  Ej^.'ster 
eggs  yellow  and  in  conjunction  with  alum  for 


I  from  about  2*5  to  upwards  of  10  p.c.  Von 
I  Kobell  found  that  tho  noble  opal  of  Hungary 
lost  10-94  p.c.  when  strongly  heated.  The 
j  substance  is  almo«it  M'holly  soluble  in  a  hot 
]  solution  of  potassium  hydroxide. 

The  purest  opal,  known  as  fnfnlite  or  water' 
opal,  occurs  m  colourless,  transparent  masses, 
resembling  glass.  Semi-opal  Is  a  name  applied 
to  the  <lull,  oj):u)iie  varieties,  ueiu  i.dly  more  or 
less  impure.    MenilUe  or  liver -opal  is  a  brown 
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opaque  mineral,  occurring  as  nodules  in  the  Ter- 
tiary strata  of  the  I'aria  l>uHiri,  especially  at 
^onilmontant  Wood-opal  is  drnjily  wood 
fawfliiMiiii  with  opaUoe  sflk*,  and  retaining  the 

li:^Tit»ni-i  atructuro,  which  produces  a  plfsasinp 
efiect  wb«!o  the  substance  u  cut  and  polished ; 
hence  it  u  used  In  dabs  as  an  ornamental  stone. 
Htfdrttphanc  i.^  an  opal  which,  whiii  dry,  \n 
opaque  aad  dead  wiiit«>,  but  aiisurl>u  wat<.T 
rapidly  when  moistened,  becoming  transparent 
and  sometimes  exhibiting  a  play  of  colours.  A 
fine  variety  found  in  Colorado  has  been  brought 
iiifo  ujjo  under  the  n.ime  of  *  nui;/ic  htotie.' 
Common  opal  is  a  ceneral  term  lor  any  opal 
which  doea  not  dismay  suffioient  otdonr  to  re< 
cijmniend  its  f  inpl'iyment  f  r  decorative  pur- 
poeett.  Aixx>rduig  Xaj  iIh  aii|K-araace  it  often  re- 
eaives  trivial  names,  such  as  milk-opal,  wax- 
opal,  Slc.  Fire-opal,  found  chiefly  in  Mexico, 
exhibits  a  brilliant  hvacinthine  or  orange  colour, 
which  renders  it  of  some  value  in  jewellery. 
Bat  the  finest  variety  of  the  opoUne  group  of 
rinf^*  ia  the  fnemm  or  mm*  ofMl  a  anb' 
staaoe  which  is  uoiqne  in  exhibiting  by  reflected 
light  a  vivid  play  ol  iridescent  colours.  The 
eaoae  of  this  phenomenon  has  been  studied  by 
BreWMt^T,  rr'Kpkew,  Behrenf<,  I^ord  RiiyleiKh,  and 
others,  jiy  most  authuritie«  it  been  referred 
to  the  pn^noe  of  numerous  microscopic  pores, 
fianma,  or  atrin  in  the  interior  of  the  stone ; 
bvt  Behrans  eomriders  it  dne  to  the  faterposition 
«if  thin  I;iine]I;i'  <>f  ii{),iline  matter  havint;  a  dif- 
fereat  index  of  refraction  from  that  oi  the  matrix 
(8its.'Ber.  Akad.  Wisa.  Wien.  lfatii.-natiinr. 
C'l.  519).    If  the  ooloure  prort>&d  from 

distinct  patches,  like  a  brilliant  mouaic,  the  stone 
ia  tenned  in  trade  harlequin  opal.  Precious  opal 
is  a  mineral  of  very  limited  distribution.  The 
*  oldest  mines  are  those  on  the  Dubnik  Hill,  near 
the  village  of  (  'zer\vcnitz;i  (Huntrurian.  \  oros- 
Tigia),  near  £perjea  in  northern  Hut^gary, 
wSm  the  opal  ooodib  hi  »  matilz  of  andeaite. 
Slab^  'if  ni  itri"?,  or  '  mother-of-opal,'  enclosing 
bnliiaut  particles  of  the  gem,  are  polished  as 
ornamental  stones.  Opal  is  also  lonnd  at 
Gracias-a-Pi'»s,  in  Ifondurns  ;  at  Qtirretaro,  in 
Mexico ;  near  the  liarcoo  river,  and  several 
other  spots  in  southern  and  central  Queensland ; 
and  at  White  QiSa  and  other  districts  in 
northam  New  Sooth  Wales.  The  Qneensland 
opal  occurs  in  cra'  ks  in  no(]tileK  fif  jasper)'  brown 
iron-«>re»  and  is  remarkable  for  its  brilliant  blue 
ud  green  colours ;  that  of  White  Cliffs,  dis- 
covered in  1889,  of  i  nrs  in  a  white  sandstone  of 
Oetaceous  age.  (>pals  are  usually  cut  cn 
ea6oeAo«,  i.e.  with  a  eonvex  sorface,  but  the 
Qnoeosland  stone,  oconrring  in  thin  layers, 
lends  itself  to  cai|^-work,  the  brown  ferru- 
ginous matrix  formmg  .m  etTe<  ti\  o  l>ackground. 
*  fi&Mk  opal,'  enclosing  patches  of  manganese 
oxide  and  exUbithig  a  brilliant  pla^  of  eohnua, 
haff  roc<^ntly  been  found  at  Lightning  Ridge  in 
northern  New  .South  Wales. 

In  adclition  to  the  oompaot  forms  of  opal 
mentioned  above,  there  arr  als4)  loose  and 
friable  forms  of  opaline  silica  represented  by 
ailiciouB  sinter  or  gcvf^rito  (depoHite<l  by  the 
hot  springs  of  loelaod,  New  Zealand,  and  the 
TeOowslone  Park  hi  Wyoming)  and  by  diatom- 
ac«>o)is  e.irth  or  kieMclguhr  [q.v.)  (conHi«tinp  of 
the  silioious  skeletons  iA  diatoms  and  radiolaria). 

L.  ij.  S, 


OPHICALCUE  I.  &URBLB. 

OPIAURIN.  Opianio  acid  and  phenol,  when 
heated  together  with  strong  sulphuric  acid,  give 
rise  to  an  Intense  yeUow-eed  dye.  The  reaction 
takes  ])t.ire  between  the  aldehyde  group  of  the 
acid  and  the  phenol 

C,H,(0CH,)(C0,H)(CH0)-f2<;,H.0H 

i{,<)  +  (;,Hj(OCH,)jfCO,H)-CH(C,b,OH), 
J'his  compound  Uuco^iaurin  is  oxidised  during 
the  prooeas  to  opfarann  C,,H,«0,.  The  best  ra« 
suits  are  obtained  hy  stirring  an  infimate  mix- 
ture of  omanic  aeid  and  phenol  into  sulphuric 
acid  (60*B.),  and  keeping  the  mixture  well 
cooled.  After  2i  hours  it  is  thrown  into 
a  large  quantity  of  culd  water,  and  the  pre- 
cipitate, when  washed  and  dried,  freed  fiom 
tarry  matters  bv  extraction  with  hot  benzene. 
Opianrin  Is  soIuDle  in  alcohol,  ether,  and  glacial 
acetic  acid,  insoluble  in  bens^ne  and  light  petro- 
leum, it  can  only  be  obtained  in  the  amor* 
phoiis  condition.  It  dissolves  in  alkalis  with  a 
purple  colour;  the  solution  in  alcoholic  am- 
nionia  becomes  brownish-yellow  on  heating,  but 
the  purple  eoJonr  returns  on  cooling. 

Sulphurous  acid  does  not  reduce  it.  Opiam'c 
acid  reacts  in  a  similar  way  with  other  phenols, 
and  the  re.iction  can  \x-  used  to  detect  the  pre- 
sence of  opiaoic  acid,  as  also  of  an  aldehyde 
group  in  aromatio  oomponndti;  tiie  reagents 
are  separately  dissolved  in  an  excess  of  cold  sul- 
phuric acid  ;  ou  jnixinp  the  solutions  the  coloura- 
tion  takes  phu:e  at  <m<:c  (C.  Liebermann  and  P. 
Scidler,  iiec.  20^  873:  J.  Soo^  Cham.  Ind.  6. 
Ml). 

OPIUM. 

Origin, — Opium  is  the  milky  juice  of  the 
unripe  capenlea  ti  Pupaoer  wmnijtrum  (Linn.) 
or  opium  poppy,  obtained  by  inciHion  and  in- 
spissated by  spontaneous  evaporation.  The  plant 
(r.  Bcntl.  a.  Trim.  18)  is  perhaps  indigenons 
to  Asia  Minor  and  neighbouring  di.stricts  of 
South-Ettiitern  Europe  and  Western  Asia ;  but  it 
is  now  cidtivated  more  or  laea  fhtong^iont  all 
temperate  and  sub-tropical  countries.  It  ex- 
hibits, howBVOT,  morphological  differences.  The 
two  most  important  varieties  wJiich,  according 
to  ik>issier,  are  cidtivated  for  the  prodaction  of 
opium,  are  gldbrum,  with  snl^obtdar  i»penl«e 
and  ten  to  twelve  Ktigniata,  and  album,  with 
effg-shaped  capsules  and  without  apertures 
(Flora  Oricntalis,  1867,  I,  116).  The  former  M 
grown  in  Asia  Minor  and  Egypt,  and  the  latter 
in  Persia  and  India,  But  )>eKides  these  varieties 
there  are  minor  distinctions,  the  petals  in  the 
same  variety  differ  in  colour,  and  may  be  white, 
red,  or  violet,  with  a  dark  purplit^h  iipot  at  the 
Iiasr  in  mo.st  cases.  The  seed^  ;iir  while  or 
daik-eoiuured,  an'l  contain  from  a  third  to  half 
of  their  weight  nf  fixed  <^  'Hie  capsnles  are 
provided  with  a  lacticiferous  syHtem  from  wM'  h 
iho  juice  exudes  when  they  arc  incised.  This 
milky  juice  is  present  in  the  plant  in  all  oonntriee 
where  it  has  been  grown,  and  opium  may  be 
collected  provided  that  the  rainfall  i.s  not  too 
threat  ;ujd  the  temperature  neither  arctic  nor 
entirely  tropical.  That  its  production  is  con- 
finerl  for  the  most  part  to  Asia  Minor,  Persia, 
India,  and  China,  i»  rbtermined  by  other  con- 
siderations such  as  the  value  of  land  nn<i  the 
eo.st  of  ]ab<iiir. 

Hiatorif. — 'J'hc  druf?  was  known  carlv  in  the 
third  century  B.C.  to  Thcuphrabtuii.  fc>uil>oniub 
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Largus,  in  the  first  contary  a.d.,  describes  the  n*tad  in  the  treaty  oi  Nanking  in  1842.   1^  thia 

methinl  of  preparing  it  and  remarks  that  it  treaty  fivo  p-)rta  were  opened  to  foreign  trade, 
should  uiily  be  made  from  the  capsules ;  for,  as  and  t  ialaud  of  Hong  Koug  vtua  ceded  to  the 
Dioscorides,  writing  ft  little  later,  points  out,  two  British  Government.  The  export  of  opinm 
sorts  of  opium  were  in  rise  at  that  period.  One  from  India  into  China,  which  in  1870  amounted 
of  these,  the  opium  proper,  was  prepared  from  to  56,000  chests,  increased  to  95,000  chests  in 
the  capsules,  and  the  othr  r.  '  meooniuni,'  was  1880.  Owinf;  to  Chinese  home  production, 
extracted  from  the  entire  plant  bj  moans  of  a  however,  the  importation  oi  Indian  opium  then 
aolTent.  Sindlar  aooomits  rohj  be  fonnd  in  the  <  began  to  decrease  until  in  1800  it  felt  to  70.000 
•works  of  Pliny  and  other  Latin  writers.  The  cheats  arid  in  1007  fo  50,000.  Kt  rcntly,  nn 
opium  of  the  classical  period,  and  indeed  the  impoi  f.mt  inoveiiK  iit  lia^  atwu  in  China  to  put 
only  variety  known  i  li  i  Im  twelfth  century,  Vfaa  [  a  stuji  to  opium  smokinar  throughout  the  Empire, 
excluaively  that  of  Ahia  Minor.  The  nations  of  and  u>  this  cud  to  trr.uluany  ft nninjiti:-  V>oth  flio 
the  East  appear  to  have  learned  of  opium  from  .  home  prudutliuu  uf  the  dj  ug  and  iliy  iiuporUition 
the  Arabians,  and  it  seems  probable  that  the  use  from  India.  With  regard  to  the  Indian  ira« 
ci  the  drag  was  iaroored  by  the  Mahomedaa  1  port«tion,  the  wish  of  China  has  been  met  by 
imhiUtion  of  alooboL  They  are  mippowd  to  |  the  OoTenunent  of  this  country,  and  not- 
have  introduced  the  drug  into  China  in  the  ninth  withstanding  the  serious  Io.sm  \\  hirli  it  entails 
century.  Egyp^n  opium^  *  Opium  Thebaiacum,'  j  to  the  revenue  of  India,  which  in  1880  amounted 
is  mentionea  oy  Simon  Juraensis  about  the  end  |  to  Rs.8;,60O.00O,  and  to  the  Indian  poppy  cnl- 
of  the  thirteenth  century.  At  thi.s  time,  and  tivators,  the  British  Government,  re<  ipKu  atinu 
three  centuries  later,  according  to  Prosjper  Al-  the  views  expretused  by  the  Chinese,  «  iit'  r<  (l  into 
pinus,  meconium  was  still  prqpand  in  the  '.  an  agreement,  the  eflcct  of  which,  it  is  ho])ed, 
Thebald  in  Upper  Egypt.  will  be  that  both  the  Chinese  protluction  and 

In  India  opium  was  collected  early  in  the  the  Indian  exportation  to  China  will  be  made 
Bixt«"cnth  rentury.  iJai  iiosa  describes  a  variety  to  decrease  together,  and  this  so  rapidly  that, 
produced  in  Cambay.  r^res,  the  first  Euro^^eau  according  to  well>informed  authorities,  both  will 
ambassador  to  ChiiA,  wnting  in  1516,  mentions  i  oome  to  an  end  in  a  few  years*  time, 
three  varieties  of  opium,  obtained  respovtively  Nnmcrons  attempts  liad  Inen  n.;i<le  during 
from  Egv'pt,  Cambay,  and  from  the  kingiluiu  of  the  seventeenth  and  eighteenth  centuries  to 
CoAs.  The  last-mentioned  district  is  Kus  Behiir,  prepare  active  condensed  ext  ractivesfrom  opium, 
south-west  of  Bhotan  in  Bt  iiif.'d.  Garcia  <rOrfa.  but  no  constituent  of  a  definite  nature  was  dis- 
a  little  later,  remarks  that  Cambay  opium  iji  covered  uiitU  the  beginning  of  the  present 
chiefly  derived  from  Malwo.  The  opium  pro-  century.  Derosne  in  1803  noticed  a  separation 
duction  was  a  State  monopoly  in  India  onder  the  of  crystals  on  dilating  an  aqueous  extract  of 
Moguls,  and  alter  tiie  ▼fetory  of  CShve  at  Flassy  opinm  (Ann.  C9iim.  Phys.  [i.]  45,  2o7).  Their 
in  17r>7  the  monopoly  passed  into  the  hanris  of  bnsic  character  was  domonsf rated  by  i'obiijuet 
the  East  India  Company.  The  manufacture  ^  in  1817  (ibid,  [iu]  5,  275),  and  the  compound  is 
tiiMi  greatly  inoteased.  and  it  has  gone  on  in-  i  now  called  nareoHne.  Derosne  noticed  that 
creasing  until  within  the  last  few  years.  It  was  opium  solutions  are  preripifated  hy  alkali?;,  but 
during  tho  seventeenth  century  that  the  first  .  thought  that  the  pm;ipitnte  woh  the  same  <  <)tn- 
accounts  reached  us  of  the  production  of  opium  pound  which  he  had  previously  isolated.  S'  L  uiii 
in  Persia.  Kiimpfer  found  that  the  '  theriaka,'  in  1814  described  what  was  probably  the  chief 
which  had  long  been  held  in  high  esteem  by  active  constituent  of  opium  (ibid.  [L]  92,  226), 
neighbouring  nations,  \va8  madi-  by  mixing  the  ,  but  to  isolate  in  a  definite  form  and  make 
finer  sorts  of  opium  with  spices.  known  the  basic  properties  of  morpkine  was  re« 

The  CMneseobtuned  their  opium  from  India.  '  served  for  Settimer,  an  apothecary  of  Simbeok 
Until  the  becinninc;  of  the  eighteenth  century  it  in  Hanover,  wfinso  work  extended  from  1805  to 
formed  part  of  the  return  cargo  of  their  junks.  181<>.  During  the  same  iuquiiy,  in  1800,  Se> 
The  importation  was  then  smaO,  and  it  was  used  .  tiirner  also  brought  to  light  meronir  ucid  with 
almost  exclusively  in  medicine  as  a  remedy  for  which  the  morphine  is  combined.  3forphine  was 
dysentery.  The  imports  did  nut  reach  1,000  the  first  compound  knowTi  belonging  to  the  class 
chests  (MaJwa  chests  contain  one  peeul,  or  |  of  vegetable  bases,  which  has  since  become  so 
1331^  lbs.,  Patna  chests  160  lbs.)  until  1767,  when  important ;  for  althou^  narcotine  was  isolated 
the  trade  was  mostiy  in  the  hands  of  the  Portu-  '  jnst  before,  its  properties  as  an  alkaloid  were  not 
guese.  In  1790,  under  the  East  India  Company,  as(  t  rtained  until  afterwards.  Further  hi.storical 
it  had  become  4,054  chests.  It  was  at  this  time  and  other  details  will  be  found  in  the  article  on 
that  the  habit  of  smoking  began  to  spread  in  opium  in  *  Pharmacograpliia  *  (Flnok.  a.  Hanh. 
China.  To  promote  the  trade  the  East  Tndia  272),  from  which  many  of  the  facts  givm  have 
Company  established  an  opinm  dep()t  oi  two  ,  been  ol)tjiined. 

ships,  which  lay  olT  the  island  of  Macao,  at  the  Pro'luctioix. — AHa  Minor.  Opium  is  collected 
entrance  to  the  Canton  river.  The  importation  in  Asia  Minor  for  the  most  part  by  small 
went  on  increasing,  notwithstanding  that  it  was  peasant  proprietors,  the  largest  quantity  being 
forbidden  by  the  Chinese  Government  in  1790,  obtained  in  tii  -e  (  ountricH  lying  to  the  west, 
Mkd  that  an  edict  was  issued  in  l^SiO  j^rohibiting  i  and  having  Smy  rna  and  Constantinople  for 
opinm-laden  ships  from  entering  the  river.  The  their  port  a  of  shipment.  The  prodnet  of  these 
trade,  which  between  1*520  and  1830  had  risen  r. miitrit  is  the  Tvrlci/  opium  of  English  com- 
io  I7,tKM>  chests  annuuiiy,  then  asaume<l  a  con-  merce,  and  of  all  available  varieties  it  is  the 
traband  character.  Complaints,  however,  con*  richest  in  morphine.  The  j>oppy  groMTi  it 
tinueil.  Hid  \\  ii<  r»  in  18.39  it  w.as  decided  fo  the  variety  gJahrvvi  of  P  i^^'t  r.  Tin;  flowers 
enforce  tiie  law,  this,  together  with  other  dilli-  are  purplish  or  sometimes  white,  and  the 
ooltisa,  led  to  a  wax  witii  England  which  tenni-  ;  seeds  white  to  deep  Tidet.  The  plant  grows 
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in  elevated  as  well  as  lower  ritnations,  and  i  agreeable,  odour.    The  following  arc  am onu  the 


rwjuirfs  u  rii'iist  schI  and  much  attention  ami 
skili  oa  the  part  of  the  oultivator.  Details 
of  the  mode  of  preparing  the  soil  and  manage- 
mc  nt  of  the  rrop  <i,rf«  ^iven  hv  Malt-a-ss  (Pharm.  J. 
I  j.^  1<I,  395)  and  Ueffier  (ibid,  [li.j  10.  434),  and 
inlthe  ottoial  directions  <b)awn  up  by  the  Turkish 
GoTcroment  for  tho  promotion  of  the  opium 
culture  in  Ma<^loniu  (ibid,  [iii.]  13,  918).  Tlic 
crop  ia  aometimes  destroyed  by  mrly  froHts, 
dcooghyt^  or  the  attack  of  locusts.  The  seed  is 
sown  from  Novwnbw  to  March,  Mid  the  flower* 
ing  takes  pl.i' c  from  Miiy  to  July.  In  this  way 
SQOcessive  crops  of  capsulett  become  ready  for 
inoisiOD  during  a  period  of  about  three  months, 
and  a  8a%'ini;  in  the  cost  of  l  ilnmr  is  effected. 

In  the  Course  of  a  few  day  a,  after  the  petals 
have  fallen,  m  hen  thee^sules  are  some  1}  inches 
in  diameter,  they  axe  ready  for  incision.  This 


is  done  tranavcrmy  around  the  middle  by  means  !  way  to  ConHtantinople 


more  important  districts,  the  products  of  which 
come  to  Constantinople  : — Bogaditz ;  Kara* 
hnsar^Salub ;  Kvtchtiya ;  BalvlcDiasar :  KnriEa* 
gat^ch  ;  Ismid  or  ("'fu'v the  product  of  Geiveh  ; 
IJeybazar  ;  Ang(»ra  ;  Malatia  ;  and  Tokat.  In 
addition  to  these  the  0>nstaiitiiiople  market 
rtM  tixiH  thf  opium  of  Macedonia  and,  until 
recc-utly  at  least,  buiuU  supplies  from  Bulgaria. 
The  cultivation  of  opium  in  Macedonia  com- 
mmced  in  1805  from  seeds  biovght  froi^  Kara- 
hlflsar.  In  1882  the  districts  of  KotehaTa, 
Straumnitzn,  and  Tikvish  ex]K.rt<'(!  13.">,00O  Jbn, 
by  way  of  Salonica,  whence  it  in  ternitHl  collec- 
tively Salonica  opium.  The  opium  districts  in 
Bulgaria  are  Kii^trntlil.  L<Avt.s<  hii,  and  Ualit/.. 
The  produce  is  mostly  consumed  by  local 
pharm^tcy ;  but,  white  the  oountry  remained 
under  Turkiiih  dominion,  any  aniplus  found  ita 


of  a  knife.  Tlie  (iporation  is  one  requirina  rikill, 
for  if  the  incision  bo  not  deep  enough  an  in* 
eomplete  flow  of  jnioe  lesnlte,  and'if  it  be  too 
fl.  op  s*>me  of  thn  jnire  is  lost  inside  the  capsule. 
'ihe>  incisions  are  made  in  the  afternoon,  and  the 
exuded  and  partly'  hardened  juice  is  collected 
the  following  morning.  It  is  scraped  off  and 
placed  on  a  poppy  leaf.  Maascii  of  hardened 
juice  tbtis  obtained  are  allowed  to  stand  in  the 
shade  to  dry  still  further,  and  are  then  made 
into  Inmps  of  varying  sise  and  sold  to  dei^ers  in 
the  town^.  By  thrso  tlm  opium  is  manipul.itod 
into  cakes  sutUibie  for  the  market,  enveloped  in 
poppy  leaves  and  packed  in  bags,  into  which 
Rumex  fruits  are  thrown  to  prevent  the  cake 
adhering  together.  The  bags  are  then  sealed 
apd  tiaDsmitted  to  Smyrna  aad  Constantinople, 
where  they  are  opened  in  presence  of  the  sellor, 
the  buyer,  and  a  public  examiner.  The  examiner 


The  market  at  Smyrna  receives  the  pnxlucts 
of  Afiom  Karahissar,  Ushak,  Akhiaaar,  Tan* 
shaoli,  Isbarta,  Koniyeh,  BnHadan,  Bamid, 

Mnpiesia,  and  that  collected  in  the  lldghboiir* 
hood  wliicih  is  known  as  YerlL 

In  the  English  market,  Tork^  opium  is 
divided  into  three  classe.';.  known  as  '  shipping,* 
'  druggists','  and  '  manufacturing  '  opium.  Ah 
shipping  opium  are  classed  those  varieties  which 
contain  the  least  proportion  insoluble  in  water, 
and  which  yield  the  greatest  quantity  of  extract 
adiii)ted  for  smokinL'.  These  are  the  opiums  of 
iVialatia,  Tokat,  Salonica,  Balukhissar,  Kurka- 
gatsch,  BokaditK,  and  *  prime '  Angora  and 
Ycrli.  This  opium  is  o?qx>rted  to  China,  Peru, 
the  West  Indies.  British  Guiana,  Brazil,  and 
for  reshipment,  to  the  United  States.  JDruff- 
giiU*  opinm  ia  selected  for  a  iiigh  porcentaga 
of  morphine  and  includes  the  Tarieties  which 
are  used  in  medicine.      It  has  a  firmer  eon- 


acrutinis«-s  tli'-  drui,'  pie<  o  by  piece,  and  i>y  its 
physical  characters  ciasufies  it  as  (1)  pritw,  (2)  i  sistenco  and  a  darker  colour  than  the  othera. 
eKfreal,  and  (3)  ehiqiittL  The  *  current  *  oon*  |  In  Enidand  the  producte  genersUy  chosen  are  : 

.fltuf<'^  the  zreat  btilk  of  mercantile  opinm.    An   Bcybazar,  Yerli,  Karnhissar,  including  Adet, 


iiuportant  addition  to  the  protit^  of  the  opium 
culture  is  the  sale  of  poppy  seed,  from  whien  the 
oil  is  expressed  and  u.se*l  for  a  variety  of  pur- 


Amasia,  Akhissar,  an<l  '  current '  Smyrna  and 
Angora ;  for  America,  Ushak,  Yerli,  and  Kara* 
hissar  ;  and  f"r  the  Continent,  flht'-ve.  Manu- 


posea.    It  is  a  bland,  limpid,  drying  oil,  of  a  pale  |  facturtrif  opium  i^  used  for  the  preparation  of 


colour  (Maltass;  Heflbr;  8ohener»  Fluuni.  J. 
[iiLIll,  835). 

l3ood  Smyrna  ophim  when  drv  contains  12 

to  J.*)  p.c.  nf  morphine.  If  les^i  than  10  ]).e.  Is 
found  in  a  sp'-eimen  adulteration  may  be  sus- 
peeted.   Tlie  opium  used  in  medieine  in  this 

country  when  ilried  is  required  to  contain  not 


alkaloids  and  includes  '  chiqinti,'  PeniaQy  and 
other  loW'priced  o]nums  (Holmes). 

Among  the  various  adulterants  which  hare 

lieen  dtteetod,  from  time  to  time,  in  Turkey 
opium  arc :  sand,  clay,  grape-juice  thickened 
with  floor,  fig'paste,  liquortee,  na]f<driodapijoot«, 

tra*raeanth,  ponnded  ])<>ppy  capsules,  and  eTCQ 


letis  than  Jl-J  and  not  more  than  lo  5  p.c.  <<f  ruor-  |  turp«'nlint<,  titoaeft,  and  bit.**  of  lead. 


phine  (Brit.  Phann.  1898).  Tlic  dri.  d  Turkey  | 
opiums  examined  by  Guibourt  contained  from 
li'7  to  21-6  p.c.  or  a  mean  of  14-7  p.c.  of 
morphine  (J.  1862,  .'57 1).  Of  ninety-two  speci- 
mens examined  l>y  Kayk  Bey,  the  highest  was 
IT'S  p.0..  and  half  of  them  contained  more  tlian 
10  p.c.  (Fliir  k.  a.  Uanb.).  Bulgarian  opium, 
analysed  by  Iheogarten,  gave  : — Kiisl^ntiiJ,  in 
large  lumps.  4  to  10  or..,  17-69  p.c.  ;  Ijowt.scha, 
1 1-00  p.c. :  HaUtz,  7-25  p.o.  (Pharm.  J,  [iii.]  11. 
8JW;  13.  .342). 

Turkey  opium,  as  it  appears  in  English  com- 
merce, consists  of  rounded  masses,  generally 
from  ^  U)  2  lbs.  in  weight  but  sometimes  larger 
or  small'T.    "Fxtern  lUy  it  ia  covered  with  poppy 


Of  late  ye-jirs  there  has  been  a  great  fh»crejaw 
in  the  production  of  opium  in  Asiatic  Turkey 
attributed  entirely  to  the  low  prices. 

Egypt.    Only  a  small  quantity  of  opium  is 
now  exported  from  Egypt.    Owing  to  its  in- 
ferior quality  it  is  not  regularly  imirartcd 
into  England.     Small  c<insignn>ents  .ro  .  how- 
'  ever,  wnt  to  Turkov  and  other  (  oiintries  on 
I  the  Mediterranean  sea-board.    It  \n  enltivateil 
•  in   Upper   Egj-pt  near   ?vsneh.    Ki-nneh,  and 
A.s.siout,  the  ancient  ThebaM.    Aika,  in  ISGI, 
deserilK'.H   the    eolloction   of   opiuni    fnun  a 
<  white  poppy.  The  capsules  are  sltt  twice  trans- 
versely, and  the  juice  collecte*!  the  following 
day  with  a  .HJ>rt  of  s<'i'iip-knife.  ami  pl;n  <  <!  <.ri  a 


leaves  and  Kumex  'chaff.'  It  has  a  bitter  >  leaf,  in  the  sun,  to  harden  (Pharm.  J.  [ii.  I  4. 1S<1>). 
taste,  and  pecnliar,  though  not  altogether  dis* '  The  product  is  sent  out  in  cakes,  enveloped  in 
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poppy'  leaven,   but  iritiumt   Rumox  fruits,   pipes,  if  the  opium  is  of  good  qnaliljp  mn  he 

Acc4)rdiag  to  information  supplied  to  Martindale,  u.Hed  mixed  with  fresh  opium  some  six  or  seven 
the  best  opium  is  collected  at  Akmim,  on  the  i  times,  whereas  Benares  opium  cannot  be  used 


tlm.s  more  than  once.  The  smuke  of  the  Fersian 
opium  is  milder  and  in  consequence  more 


ri£:ht  bank  of  the  Nile,  320  miles  above  Cairo  ; 
while  at  Assiout»  250  miles  above,  an  inferior 
quality  is  prodneed.  A  pfooe  of  Akmim  mrium, 
in  the  form  of  a  hard  flat  cake,  four  inches  in 
diameter,  and  one  inch  in  thickness,  contained 
7-24  p.c  of  morphine.  There  was  the  mark  of 
ft  leaf  adhering  to  it,  and  it  hiv\  a  rough  and  I 

irregular  appearance.  A  Hpecitnen  from  Ajssiont,  I  world  was  over  £173,000. 
consisting  of  segments  of  a  cake,  much  softer  'I  he  greatly  increased  consumption  of  opium 
and  evidently  adnlterated,  yielded  only  0*6  p-c  1  in  Persia  has  ted  to  extenaioii  of  the  cultivia- 
of  morphine  (Pharm.  <T.  [iii.]  13>  7^3).    Otner  I  tion  ol  the  poppy  over  the  whole  oonntry. 


•nftaUe  to  a  tropioal  dimate  (J.  Soe.  Chsm.  Tnd. 

189"?.  A 10).  It  is  impossible  to  determine  the 
opium  production  of  Persia  as  no  statistics  are 
kept,  but  in  the  season  lfK).>-1906»  tho  value  dl 
the  opium  exported  to  ditfenu^  pwta  of  tho 


specimens  have  given  6*8  to  12-2  p.c.  (C  iit>  rirt 
f.  1862,  374).  liito  3-9  p.c.  (Petormann.  J.  ISUO, 
70i),  and  .s  p.c.,  together  with  8-7  p.c.  of 
narootinG  (Fliiek.  a.  Ilanb.).  It  has  also  been 
shown  by  Ga^tinol  tluit  opium  can  be  made  iu 
Bgfpt  containing  II  to  12  p.c.  of  morphine. 
The  fact  that  it  generally  contains  only  half  that 
proportion  is  due  partly  to  an  OTer^moiet  8oil 
and  unskilful  •  illoction,  but  also  donbtiew  to 
adulteration  (Flilck.  a.  Hanb.). 

Portia.  The  quantity  of  opium  produced  in 
Persia  has  until  recent  years  been  small  and  in- 
ferior in  quality.  Tlie  strongest,  the  Teriak-e- 
Afobiiitani,  was  obtained  from  Dizfnl  and  Shus- 
ter,  in  Khuzistan.  A  good  quality  was  produced 
near  Sari  and  Balfarush,  in  Mazandaran,  near 
the  <  'aspian,  and  in  the  southern  province  of 
Korman.  Inferior  sorts  came  from  Shahabdul- 
asim,  Keshan,  and  Kvm.  TbB  etdtivation  ex- 
tends into  Turkestan,  where  a  sort  of  meconium 
is  also  manufaetured.  Part  of  these  productis 
went  overland  to  C9lina,  by  way  of  Bokhara, 
Khokan,  and  Kashgar^  and  another  part  found 
its  way  to  Constantinople,  by  way  of  Trcbizond, 
to  be  sold  OS  Turkey  opium  (  Fluck.  a.  Ifanb,). 
More  attention  is,  however,  now  given  to  iko 
cnlttvation  of  the  plant  and  the  oolleetlon  of  the 

juico,  and  there  is  le^s  adulteration,  the  result 
being  a  great  increase  in  the  trade.  The  poppy 
cultivated  ia  the  variety  album  (Boissier),  having 
roundish  ovato  capsulc-t.  Shira?.  and  Belibahan, 
the  latter  in  the  ucif^hbourhood  of  liujilurc,  and 
other  new  districts,  furnish  supplies  (Pharm.  J. 
[iii.]  1 1, 804),  and  old  centreslike  Kum,  Teheran, 
and  Yezd,  have  improved  the  quality  of  their 
product  (ii»»<f.  [iii- I  113.  430).  Ispahan  has 
now  become  the  chief  centre  of  the  opium  culti- 
vation, the  other  important  districts  being 
Shiraz,  Yezd.  Khon.sar,  and  alio  Khorasan, 
Kermanshah,  and  Farn. 

About  the  jrear  1870  a  regular  export  trade 
of  Persian  opium  was  established  bv  water  from 
the  ports  of  Bushiro  and  Bunder  Abbas,  in  the 
Poraian  Oulf.  and  the  quantit\-  exported  in- 
crea-wd  rapidly.  By  for  the  greater  i>art  is  now 
shippei  from  tlieee  ports  direct  to  Hong  Kong, 
wh.  re  it  competes  in  the  market  with  the  product 
of  Patna,  Benarca.  and  Malwa.  A  arnailcr  part 
is  shipped  to  the  Straits  Settlements,  and  the 
rest  to  England.  A  less  important  trade  c<m- 
tinues  with  Constantinople,  by  way  of  Trebizond 
and  Samsun,  and  part  of  ttie  opium  made  in 
Teheran,  Tabriz,  and  Kcrmanshah,  also  finds  its 
way  to  Smyrna. 

In  nhiri  i.  Pi-r  .im  opium  li;v^,  to  a  eertain 
extent,  r- jil  iced  Indian  opiutu  owing  to  its 
being  luaaufactttfed  to  suit  the  Chinese  taste 


The  capsules  are  ready  for  cutting  at  the 
beginning  of  June.  Since  the  lightest  coloured 
opium  commands  the  best  price  in  the  market, 
the  incisions  in  the  p 'ppv  !u  ,ids  are  made  at 
)iunset  and  the  exuded  aap  is  oolloct^  before 
sunrise,  as  sunlight  discolours  the  product. 
Vertical  inciatona  are  made,  and  the  juico  is 
collected  and  conveyed  to  the  market  in  copper 
vessels.  There  it  ih  manipulated  to  suit  the 
tastes  of  buyers  in  Hong  Kong  and  London, 
iHdtiier  it  is  exported  between  September  and 
January.  One  of  the  most  celebrated  products 
is  that  of  the  village  of  Kupa,  a  short  distance 
east  of  Ispahan. 

The  opiutn  for  home  consumption  in  Persia 
is  prepattxl  by  adding  20  p.c  of  foreign  matter  to 
the  crude  ojiium  after  its  volume  h.-w  been  re- 
duced one-sixtfa  by  evaporation.  The  added 
material  is  usually  *  saroooolla,'  the  re^  of 
Prnrra  mncronatn  (Linn.),  but.  sometit'ic^  a 
boiiod  cxtratjL  of  dried  poppy  heads,  the  mcni  of 
wild  rue,  and  an  extract  olitained  by  steeping 
fresh  poppy  leaves  in  water,  are  added.  The 
mixture  is  then  boiled  slowly  for  3  hours  with 
constant  stirring,  and  the  paste  thus  obtained  is 
kneaded  and  rolled  into  small  sticks  for  the 
market.  The  opium  left  in  the  pipes  after 
smoking'  is  prepared  for  further  consumption 
by  bt^ing  itiixcd  with  aliouL  10  p.c.  of  raw  opium 
and  is  then  smoked  as  Terink-muiM€  (burnt 
opium)  or  is  eaten  in  the  form  of  pill.s.  The 
opium  for  export  which  is  mAd  ia  lumps  is  pre- 
pared from  tne  raw  r)pium  by  drying  until  its 
bulk  is  reduced  by  about  a  quarter,  and 
then  addfnf  from  00-70  p.e.  of  grape  jw'ce  or 
other  unkno\\"n  iriLTcdients.  Tfiis  opium  ijj 
iiomogeneouiji  and  it  does  not  present  a  granular 
appearance  like  the  INurldsh  opium.  Morphine 
estimations  shuw  that  fjond  samples  cntriin 
about  1.1  p.c.  and  the  dry  extracts  cuatain 
aljout  ISvi  p.c.  of  morpliine  (Siedler,  CShoU.  Ztkt, 
26,  920 ;  Stahl,  ibid.  32,  804). 

/ndM.  Opium  fs  one  of  the  most  important 
])n)duct8  of  India.  It  is  a  HUife  monopoly  of  the 
Bengal  Government  in  Behar  and  Benares,  and 
is  oulttvated  free  in  the  Mdwa  and  other  dbrtriets 
of  the  native  St  itei<,  whence  on  arrival  in  Britisb 
territory  it  pays  duty. 

The  area  <levot«d  to  poppy  cultivation  in 
Bengal  comprises  the  large  central  tract  of  the 
Ganges,  about  six  hundred  miles  in  Icneth  and 
two  hundred  in  le-ailtli.  It  extends*  cust  .•md 
west,  from  Dinajpur  to  Agra,  and  north  and 
south,  from  Gotaknpnr  to  Hazariliagh.  Aooord> 
in.;  Ui  Watt,  the  avcr.n'e  annuaJ  an  ri  ;ir{u;d!y 
(KCiipied  by  th«  poppy  in  I^engal  f'lr  the  la,>it 
thirty  years  has  been  490,000  acres.    The  State 


After  it  has  been  onoe  smoked  the  residue  in  the  i  does  not  restrict  the  coltivation  of  opium ;  but 
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it  n  a  monopoly  in  the  sense  that  whnt  is  ctdti- 
v»t<xi  muKt  iHi  sold  to  the  (jovemnu'rit  ;it  n  iirico 
iigtved  upon  beiorchaod.  One  object  of  theae 
W);wl»tkMMi  is  to  prevent  the  neglect  of  cereals, 
f"t  the  poppy  <uJt\ir<'  is  very  niu*h  more 
prohtable ;  iji  Mttiwa  it  in  t>aid  to  nadimi  from 
tivee  to  seven  tinie»  m  much  tut  the  ordinary 
cmpw.  The  (ijjiuin  of  li<  har  nnd  Hi  n.m  s  is  .sold 
at  uuctiuu  ill  Calcutta,  part  is  retained  for  cou- 
f^umption  in  India,  bnt  the  gnater  portion  is 
ahinped  to  China. 

The  mnahider  of  the  opimn  raised  in  India 
js  I'tuduced  !>ythe  iiiitivf  Stiilts.  The  iiiowt  im- 
portant uantre  ia  the  broad  tableiaud  of  the 
Malwa  and  the  adjoining  slopes  of  the  Vindhya 
Hill-.  The  opening  of  the  railway  has  given  ji 
great  iiupetiia  to  the  cultivation  in  Aajputatia 
aud  .Matws.  Smaller  quantitiea  are  produced  ■ 
in  the  l*unjab,  not  only  in  the  pliunii,  but 
to  the  eastward  of  Lahore,  in  the  valley  of 
Bias,  high  a.H  7.300  f*H-t  above  the  sea. 
Kuia  also  pnxiuces  excellent  opium.  It  is  i 
laised  ia  N^mI»  BasaUr,  and  Rampnr,  and  at : 
Dodft  Kaahtwar,  at  the  base  of  the  Himalayoit, 
in  the  Jammu  territory,  from  which  districts  it 
is  sent  to  i  'ldiu\  ovedand  (Fliick.  u.  Hanb.). 
Nearly  all  thi"  opium  prodmetl  in  thv  nntivi- 
iStateii,  hoWfvcT,  cuttrji  lirilish  territory,  and 
pay»  a  duty  according  as  it  comes  from  the 
dtMcicts  of  Ahmedahad,  Ajmerc,  or  Maiwa.  It 
i«  then  aeot  to  Bombay,  whence,  under  the 
ui  iu  ral  name  of  Sfalwa  opiom,  it  ia  fhipiMd  to 
Ciiina.  I 

Thn  poppy  grown  in  India  is  the  same  va-  | 
riety  as  thnt  of  Persia.  The  same  require-  I 
meuts  of  soil  and  ciiniijiti:;  have  to  be  met.  In 
addition  to  the  dangers  to  which  the  crop  is 
ttnoaed  in  Asia  Minor  the  plant  in  India  is 
liable  to  tike  attack  of  a  parasitical  species  of 
bnr.ni  rape,  Orolxiuchi  itiJica,  which  attaches 
it«clf  to  the  roijts  and  causes  the  plant  to  wither. 
The  factory  for  the  Befaar  district  is  at  Fatna, 
.in  1  fnr  th<-  15<  riare«  district  at  Ghazipur,  where 
the  Oovemment  agents  are  stationed,  in  Benares 
and  Befaar  the  seed  is  so^iti  in  November,  and  the 
capttvles  are  ready  in  February  or  March.  The\ 
are  then  incised  or  scarifietl  vertieally,  by  uieuxxii 
of  an  instrument  called  a  '  nushtur,'  con- 
structed of  several  blades  bound  together  (r/. 
plate,  Phann.  J.  [i.]  II,  207).  This  operation  is 
repeated,  in  the  cour.^e  of  a  few  days,  on  tlifTeterii 
sides,  each  capsuJu  Ix-ing  ficaritied  from  twu  to 
six  timef*.  The  next  morning  the  juice,  which 
has  exuded,  is  scraped  off  by  the  use  of  a  sort 
f»f  concave  trowel  made  of  sheet  iron,  called  a 
'  MPf'toah,'  and  o^Uected  in  earthen  pots.  Tlie 
pop^  capsules  are  afterwards  utilised  in  a 
vanety  of  ways  and  the  dl  expressed  from  the 
Mee<l.«.  In  Malwa  the  capsules  are  rea(l\'  in 
iiaroh  or  April.  A  somewhat  difierent  imtru- 
ment  is  used  to  collect  the  juioe,  and  from  time 
to  time  this  h  dipped  in  linseed  oil  to  prevent 
the  juice  adUeiitig.  Owing  to  the  heavy  dews 
the  juice  in  India  is  much  more  moist  tlian  in  I 
Asia  Minor  (ibid,  [i.j  U,  209). 

When  fleshly  collected  the  juice  consists  of 
a  wet  granular  mat's  of  a  pinki-slt  colour,  from 
vluch  there  collects  in  the  bottom  of  the  vessel  i 
a  dark  ooffeC'Colottred  add  liquid  '  pasewa '  or  { 
*  pii--*  «'ah.'    More  of  tliis  liquid  is  fieparated 
by  draininir,  and  the  opium  is  tiiea  carefully  . 
driad  by  e  \pi  >sure  t9  the  air,  bat  proteoted  from  I 
Vol.  1V.--3P. 


the  rays  of  the  sun.  i  lie  drying  is  coutJuueU 
some  three  or  four  weeks  until  the  moiiiiture  is 
reduced  to  .30  p,c.,  tile  amount  allowed  by  the 
Bengal  regulations.  In  this  state  it  arrives  at 
the  Governinent  fftrtorv,  wlu  re  it  is  examined 
physically  and  chenucally,  and  if  sati^actory  is 
admitted.  In  the  factory  great  care  is  taken,  hy 
inixin;,^  low  ami  high  quality  opiums,  to  send 
out  a.  unifunn  ]>roduct.  it  amiiipuiatcd  into 
balls,  and  covercd  with  poppy  petals,  whiobliaTe 
been  dried  oarsiuUy.  Ihe  petals  are  made 
to  adhere  together  into  a  sort  of  sliell  by  means 
of  a  liquid  called  '  lewa  '  or  *  lewah,'  made  partly 
of  opium  and  partly  of "  pasewa.'  I  lie  spherical 
cakes,  which  have  a  diameter  of  about  six  inches, 
and  are  not  unlike  in  appearanoo  a  24  lb,  shot,  are 
rolled  in  Jioppy  '  trash,'  ]v»wdered  stalks,  cap- 
sules, and  leaves,  put  into  eart  lien  ware  moulds 
and  exposed  to  the  sun.  If  Ijlisters  form,  the 
cake  shells  are  opened,  the  gas  allowed  to  escape 
and  then  tightly  cl<  tsed  again.  After  three  days, 
about  the  end  of  July,  the  cakes  are  put  into 
frames  and  exposed  to  the  air.  There  they  re- 
main, with  eon.stant  natx'hing,  until  October, 
when  they  are  packed  in  chests,  which  contain 
wooden  compartments  for  40  <:ake8,  and  the  in- 
ter.stices  are  loosely  fille<l  with  poppy  '  trn.^h.' 
The  chestH,  which  contain  it»0  lbs.,  are  then 
ready  for  exportation  to  China  (Eatwell). 

I'hat  which  is  consumed  in  India,  '  abkari ' 
opium,  is  prepared  somewhat  differently.  It  is 
dried  by  exposure  to  the  ^un  until  it  ciititains 
only  10  p.c.  of  moisture,  in  which  condition  it 
admits  el  being  moulded  like  wax.  It  is  made 
into  square  bricks  aljout  2  lbs.  in  -weight, 
wrapped  in  oiled  pa|)er  and  packed  in  boxe  s  fur- 
nisiwd  with  sui  table  compartmen  ts.  E  x  <  c  p  1 1  hat 
the  aroma  is  not  qmto  so  good,  *  abkari '  opium 
is  equal  in  quality  to  that  prepared  for  China 
(Eatwell,  Pharm.  J.  [i.j  J  J.  l'69,  306,  359). 

The  opium  of  Malwa  and  other  native  dis- 
tricts is  not  so  uniform  in  quality  as  that  of  the 
(lovernment  faefoiie.s.  M^dwa  opium  contaimi 
only  about  5  p.c.  ul  moisture,  and  it  is  sent 
out  in  bricks  or  rounded  masses  which  are  not 
incased  in  poppy  pe  tals. 

The  percent-age  of  iiiurplune  in  Indian  opium 
is  much  less  than  that  found  in  the  opium  of 
Asia  Minor.  It  is  remarkable  that  ^superior 
product  in  this  respect  has  not  been  obtained  to 
su]>ply  the  English  market,  espet  inlly  in  of 
the  decreasing  tratle  between  India  and  China. 
Benare«  opium  in  1845-9  contained  2-2  to  3*2 
p.c.  of  morphine  (Eatwell).  Spreimens  of  Patna 
garden  (»pium,  prepared  ei>peciaJiy  fui  medic iue, 
yielded  8«  p.c.  (fliick.  a.  llanb.).  7-7  p.e. 
((lUibourt),  9-r>  p.p.  of  Iwdrocliloride  (Christition). 
Specimens  from  the  India  Mu.seum  gave  the 
following'  iKTeentages  ol  moii'hirif:  *  Khan- 
deshf'  6-1  p.c.  ;  *  medical  ojiium,'  lii't2-'.i,  part 
of  a  bride,  4'3  p.c  ;  '  garden  Behar,'  4-(>  p.e. ; 
*  Abkari  proviMion,*  '  Putna.'  3-5  p.e.  ;  '  iSind,' 
3-8  p.c. ;  •  Hyderabatl,'  3-2  p.( .  ;  nnd  '  .Malwa,' 
6*1  P-C  (Fluck.  a.  Hanb.).  Three  HpeeinuiiH 
of  Malwa  opium  examined  by  W.  1).  Howard 
c<mtained  4-8  p.e.,  0-0  j).e.,  and  9  p.e.  (  f  mor- 
phine (Fliick.  n.  Hanb.). 

6mall  quantities  of  morphine  Kilts  hometimes 
reach  this  country  from  India.  Tliey  are  made 
at  the  ' Ii ivrrnment  labt  r  t'  n'l^  at  <_ihazipur 
from  opium  which  iuui  been  eouliM-ated  on 
account  of  adulteration,  and  arc  not  likd;  to 


Digitized  by  Google 


18 


onuiL 


become  an  importut  artkle  of  oommeroe  (J. 

Soc.  Chem,  InU.  188y,  !)17). 

China.  Tho  Uiunctie  cunsume  a  guod  deal  of 
the  opium  exported  from  India^  Asia  Muoi,  and 
Pfsraia,  but  not  80  much  as  f'  rnit  riy  owing  to 
the  enormoujj  dcvulupiiifut  oi  thu  pruUuutiuu  in 
China,  and  this  quantity,  in  accurdiinoe  with  the 
policy  d  the  rihinoaft  Uovenuuent,  will  become 
less  and  leas  until  the  vm  of  opiam  for  smoking 
in  abandoned  altogether.  It  ia  not  possible  to 
estimate  the  amount  produced  in  China,  but 
tome  idea  of  the  enormooe  inerewe  may  be 
gathered  from  consular  and  other  reports.  The 
variouii  aiietujjiii  of  the  Cliinese  Uovernmcnt 
to  prohibit  the  mMiiilMtiiro  of  opium  have 
had  little  effect.  It  was  about  183U  thut  it 
b^an  to  be  produced  in  notable  quantities,  in 
18ti9,  in  a  Keport  on  the  Trudc  uf  UanJcow, 
addressed  to  tke  iiupeotor*genoral  of  customa  at 
Peking,  the  aniraal  yield  of  the  three  provinoea 
Yunnun,  Kw.  i  f'.uw,  and  Szechueu,  was  esti- 
mated at  4l,ouu  peculs.  In  the  sivmo  year  it 
was  report-ed  that  two^thirdB  of  bzeehueD  and 
one-thu-d  of  Vunnan  was  devoted  to  the  poppy 
(Cuiuutt^  iSluii  iktok,  205).  lu  tlie  annual 
production  in  the  south-west  of  China*  cUafly 
the  provinoes  of  Bzechuen  and  Yunnan,  waa 
eatimated  at  over  200,UUU  peculs,  or  more  than 
twice  the  whole  importation  from  hulia  (Pharm. 
J.  [iii.J  13,  226 ;  cf.  J.  Soc.  Chem.  Ind.  1890,  74;. 
In  18^  the  imports  of  Indian  opium  in  Han* 
churiii  had  fallen  to»only  5  p.c.  of  what  they  were 
in  1800,  its  place  being  taken  entirely  by  the 
native  drug  (Pharm.  J.  [iij.J  18»  280).  In  1887 
the  district  of  Wenchow  was  occupied  almost 
entirely  in  the  production  of  opium.  The 
country,  viewed  from  a  hill-top,  was,  in  many 
places,  one  vast  brilliant  mass  of  poppy,  with 
nere  and  there  a  patch  of  green  (J.  £loe.  diem. 
Ind.  1888,  409).  The  consul  at  Kiew  Chang,  in 
Manchuria,  rt'poita  in  1889  that,  although 
twenty  years  before  2,635  peculs  of  Indian 
opium  dupplied  the  whole  i)rovincc,  at  that  time 
the  jxjrt  of  Yingtzu  aloue  c^jiisumed  3744  peculs 
annually.  This  enormous  demand  was  being 
met  almost  entirely  by  the  native  drug. 

Opium  IB  cultivated  chiefly  in  Bzeohuen, 
Yunnan,  and  Kweiehtjw,  to  a  less  extent  in 
Shaute,  bhense,  and  bhautung,  also  in  eastern 
Mongolia*  and  in  Manchuria.  The  development 
of  the  poppy  cultivation  has  been  so  great  in 
many  parts  ol  China  that  it  lum  seriously  inter- 
fered with  the  supply  of  cereals.  Por  dm 
reason,  since  the  famme,  it  has  been  prohibited 
in  bhcnse,  Uonan,  and  Chihli.  In  Kwangtung 
the  soil  and  climate  uie  not  suitable,  and  in  l<\ih- 
keon  the  production  of  sugar  is  equally  or  more 
remunerative  (H<4mes).  In  SEechuen,  the 
popijy  is  a  winter  crop,  and  may  be  gathered  in 
lime  to  allow  rico  to  be  planted,  and  thus  not 
interfere  with  the  summer  produeeb  Tlie  yield 
of  opium  is  about  22  Iba.  to  the  acre.  Every 
part  of  the  phuit  has  a  use,  if  only  for  manure, 
and  thus  the  total  return  amounts  to  about 
double  that  of  cereals.  As  «oon  as  the  summer 
crop  is  reaped,  the  aoil  is  prepared  and  manured 
witn  night-soil.  The  seeds  are  wnvn  in  Decem- 
ber, in  drills  i|  foot  apart,  the  wlute  poppy 
iMing  the  most  oommonly  cultivated  in  the  low 
grounds.  After  a  month,  whvn  the  planty  are  a 
few  inches  iiigh,  tiie  i-ows  atv  thinned  and 
bulked  np  with  earth.  In  March  or  April  the 


flowering  take^  place,  and  at  this  time  the  roots 
are  again  wx-ll  manured  with  night-soil.  The 
capsules  are  ttiit  in  April  or  May  (i'iuurw.  J.  [ui.J 
13.  225).  According  to  Thoici,  the  aoariflcation 
( ..ijtitiun  it»  precisely  the  same  as  that  carried 
on  m  Inula,  buiuu  iSzechueu  specimens  seem  to 
have  been  collected  with  the  use  oC  oil  aa  itt 
Malwa  (fliick.  4k  Uanb.). 

Yunnan  and  Szechuen  opium  is  made  into 
flat  cakeji  and  wrapped  in  wliite  paper.  Jt  is 
darker  and  softer  tixau  that  of  rersia,  which  it 
resemhleB.  Chekeang  is  a  treacly  ezttact  acid 
in  2  to  4  lb.  jar«.  'i  hc  product  of  kShonso  was 
supposed  to  resemble  m  Havuur  the  highly- 
prized  Patna  opium.  Yunnan  ranks  next  and 
then  Szechuen  (Holmes).  A  epecimen  of 
Chinese  opium,  examined  by  Jiuuieson,  con- 
tained  : — .Moi.sture,  18p.e. ;  niurphine,  6*9 p.c.  (or 
7 '2  p.c.  in  the  dried  arug) ;  natootine,  7'o  p>o.| 
ash,  7'ft  p.c.  ( Keport  on  Irade  of  Hankow).  Au- 
thentic specuneni)  e.xaniined  by  Sheppard  gave 
the  following  percentages  of  morphine  in  the 
dried  opium  :— -t>iechucn,  2-2 ;  Kweichow,  2-6  ; 
Yunnan,  4*1 ;  Kansu,  6*1.  Eatwell  in  Siechueu 
found  3*3  and  in  Kweichow  6*1.  Sheppard 
found  5  to  14  p.c.  of  moisture  and  30  to 
53  p.c.  ol  eztcaot  ooluUe  ia  water  (Jfiuck.  and 
Uanb.). 

Mozambique  and  Algeria.  In  1877  a  Portu- 
guese company  was  founded  to  oommenoe  the 
opium  culture  in  Moocambique  (Pharm.  J.  [iii.] 
8,  1007  ;  10,  63,  13,  445).  In  1SS2,  according  to 
Guyot,  some  three  hundred  lubuuiers  were  em- 
ployed in  cultivating  Zambesi  opium  between 
the  Muto  and  Quaqua  rivers.  The  yield  com- 
pares favourably  with  that  in  India.  The 
product  is  said  to  be  largely  admixed  with  foreign 
substancea  before  being  made  into  600  gram 
balls,  which  are  packed  in  boxes  containing 
poppy  '  trash,'  and  covered  with  indigenous 
cotton  (Compt.  rend.  95,  798).  These  bails  are 
sometimea  seen  in  the  jCng!!"^  market.  Accord* 
ing  to  more  recent  advices,  the  company  hafi  br  en 
obliged  to  go  into  Imuidation,  uud  the  euiiua- 
tion  has  been  abandoned  (Pharm.  J.  [lii.J  21, 
87).  Opium  has  been  collected  in  Algeria  in 
small  quantity  nnoe  1828  (ibid,  [i.]  15,  348). 
A  drieu  specimen  e:i:amined  by  Cuibourt  con- 
tained 121  p.c.  ol  morphine  (Jahrb.  Ib^,  374; 
Aubergier  found  1-5  to  17*8  p.c.  (Ann.  Okim. 
Phys.  [iii.]  20,  303). 

Australia.  The  production  u£  opium  com. 
menced  about  1868,  and  the  first  spccimco 
reached  this  country  from  Viotona»  and  was 
examined  by  Mofson  in  1860.  It  contained, 
according  to  Uood,  2  p.c.  of  morphine  antl  b  p.i-. 
of  narcotine  (Pharm.  J.  [iii.j  I, -27 2).  Spccimena 
containing  4*2  to  7'1  p.c.  of  morphine  were 
sent  to  Kngland  in  ]M7(».  They  were  produced 
in  the  village  ol  buninuy,  near  Melbourne 
(Hood).  About  this  tunc  the  cultivation  waa 
commenced  in  Gippaland,  and  opium  containing 
9  p.c.  of  moi^ihine,  4  p.c.  of  narcotine,  and  0  p.c. 
of  mecouic  acid,  was  obtained  (Ward,  ibid,  [lii.j 
1,  543).  The  Toowoomba  district  in  <^ueen8> 
land  aiao  furnished  some  good  specimens  {^id. 
[in.]  1.  972). 

The  chief  part  of  colonial  opium  in  the 
Melbourne  market  comes  from  the  liocchua 
Marsh  disiri.t,  where  the  cultivation  has 
been  corned  ou  lor  years.  The  sowing  takes 
place  at  three  peiriods^  about  the  first  week  in 
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Shkv,  the  second  or  third  week  in  Juno,  and 
the'  lattor  pari  of  Jaly.  By  thia  means  pMts 
of  the  1  Top  raaturo  in  Buccesuion.  The  average 
>-icld  u  la  to  23  lbs.  tu  the  ju;rii»  but  in  u 
goijii  sc-.vs;)!!  ;i.s  much  as  30  tu  -10  lbs.  are  ob- 
tawed.  In  Europe  the  averago  jriald  to  the 
acre  is  25  lbs.,  and  in  India  30  to  40  Iba.  When 
thi-  capsules  are  muly,  two  incisioiid  uro  made 
hurizontaUv,  bail-way  round,  and  the  juice 
whkk  «niaM  is  ooUeoted  the  next  momiog.  A 
few  tLiys  later  other  incisiinis  are  made,  until 
the  cttLKiule  is  exhausted.  The  upiuia  is  mani- 
pulated into  balls  and  carefully  dried.  In 
quality  it  approxiin.kted  to  the  product  of  Asia 
Minor.  A  ti[>eciinoii  L'ave  II -5  of  morphine 
from  the  dry  dnm.  Anothi-r  from  (^iiL'oniiland 
conUmwd  9*)$  p.o.  (Matthewa,  AuatraL  J.  Pharm. 
Mot.  1887V 

Eurof^z  ati'l  North  America.  Atforapta 
iiave  b^n  made  in  most  Europcau  count tit^s.  in 
Qreeoe,  Italy,  Spain,  France,  OH-itzerland,  Ger- 
many. England,  and  Swedt-n,  to  cultivate  opium, 
and  tii»  retiuiu  have  ^own  iLuvt,  providing  the 
soil  selected  is  suitable,  and  the  rainfall  not 
VMomir^  it  ia  poeaUcL  in  ail  theee  coantriea^ 
to  prodnee  opium  eoaM  to  tb*t  of  Asia  Minor. 
Tho  ni'.st  iin{>..rtaiit  Eurupt-an experiments  have 
been  conducted  in  France.  A  product  called 
*  affiom '  has  been  made  at  Clennoni*Pen«ul. 
which  is  said  to  contain  nnift^rmly  10  p.c  of 
morphioe ;  but  it  iuui  uot  becoiuu  tui  important 
article  of  trade  (Pliick.  a.  Hanb. ;  Auborgior, 
Pharm.  J.  [iii.]  13,  693).  Some  interesting 
investigations  have  been  made  in  the  neighbour- 
hood of  Amiens,  where  8iK<.iinons  of  dry  opitiru 
were  produced  containing  16  and  20  and  still 
higher  percentages  (tf  morphine.  It  was  ob- 
served by  Dcvliarnic  tluit  the  ni<>rphin(> 
diminiahfd  when  tiic<  juii. c  uan  hluwiy  dried,  aud 
the  p***ftM^  odour  ot  tlit>  dnig  is  ascribed  to  a 
species  of  fermentation  (J.  Pharm.  Chim.  [iv.1 
6,  222).  Gtiibourt  found  the  percentage  of 
morphine  in  French  opium  to  vary  from  12*1  to 
the  latter  b«ng  the  highest  proportion  of 
morphine  ever  raooided  {ibid,  [iii.]  41, 184.201). 
Otht  r  .uudysi's  of  Frunrli  opium  ^ivc  I  T  O  p.v. 
{De«;:tiarme,  Coiupl.  rvnd.  40,  iW) ;  17-5 
(Chevallier,  Fluck.  a.  Hanb.);  8-2  (Roux,  J. 
185o.  717);  IM  to  11  n  ( P.  termann,  JahrU  1806. 
704  >.  German  opium  from  Erfurt  contained 
16  G  and  20  p.c.  (Biltz,  Gm.  16,  416);  from 
Wurtembeig,  12  to  16  p.c.  (Uo^  Fliick. 
a.  Hanb.);   and  from  Silesia,  9  to  10  p.c. 

Experiments  have  been  carried  out  on  the 
etdtiination  of  poppi^  for  opium  production  in 
the  gardr-n-»  of  thi-  Pharnuveuti'  al  Iiiitituto  of 
the  University  ul  ikrliu.  The  auiuunl  uf  uuium 
obtainaUe  from  poppies  in  that  latitude  is 
satisfactory ;  but  the  cost  of  collecting  it 
proves  to  be  too  high  (Thorns,  ZeitHch.  angew. 
Chem.  21,  2208).  The  poppy  i.^  rar<  [y 
KTowD  in  Bttsiia*  althoogU  there  aro  many 
Sstricts  with  a  suitable  aoO  and  climate. 
8,imj^e8  of  Russian  opium  from  the  Ssemirot- 
schinsky  district  contained  about  7*6  p.c. 
of  morphine  (Goldbeig;  Chem.  Zeit.  26,  Bep. 
367). 

Experimeutii  iii  North  Amuri»..i  It-ad  to  the 
ssme  r^iults  as  in  Europe.  Specimens  from 
Vermont  ooatainad  16-75  p.c.  of  morphine 
(Pructer,  Amcr.  J,  Pharm.  [iii.]  18,  IM);  frum 


llliuoia,  8-76  p.c.  (Kennedy,  ibid,  f iv.l  1,  6) ;  and 
from  Oalifdrnia,  7*75  p.e.  (Maiseh,  Wd,  [iv.]  8, 

Chemical  constituents.  The  impoitaut 
chemical  constituents  of  opium  may  be  divided 
into  alkaloids,  neutral  compounds,  and  acids. 
For  full  particulars  of  all  of  these  see  Vkqkto- 
AIJCAL0IO&  There  are  in  opium  somr  t  >^  ^^tv 
alkaloid8 :— (1)  Morphmt,  C,,Ui,MO»ii.U«  the 
most  important  oonatttnent  of  opium.  Its  dis- 
covery and  the  proporttrm  in  which  it  occurs  in 
opium  have  been  already  >;ivcn.  It  is  crystalline 
and  forms  crystalline  saltn.  (2)  L  'oileine,  morphine 
methyl  ether.  (',,H,,N()„H jO.  discovcrod 
in  opium  by  Robiquet  (Aniudcn,  3,  lUtj)  aud 
may  be  prt  paretl  b^  tin-  lu  tion  of  methyl  iodide 
on  morpiiine.  it  mults  at  Ifi6^  Percentage 
in  Smyrna,  fVenoh,  or  Indian  opium.  0*8  to 
0-4  (Pharm.  J.  [ii.]  7,  1S31.  (3)  Ihjdnxalamiru 
C,,H,,NO,,iH,0  occurs  in  stunll  propitrtion  in 
opium  (Hesse,  Annaleu  Suppl.  8,  326)  and  is 
formed  by  the  oxidation  «u  n.iitotinc  (Beckett 
ami  Wright,  ('hem.  Soc.  Traua.  28,  [ill).  (4) 
Theba'ine,  G,»H,,N03  was  isolated  by  Thilxai- 
mtey  (PeUetier,  J.  Pharm.  Chim.  [ii.]  21,  6b9). 
Tnrkiui  opium  oontatns  about  1  p.c.  (5) 
PatMdomorphuv  r'j.TTasN.O^.SHjO  (Ptllcticr 
and  Thibouuiery,  ibid,  [li.]  21,  676)  occurs  in 
opiom  to  the  extent  of  0-(>2  p.c.  or  even  less, 
(6)  Codamine,  CJ,,}i^,K{)^ ;  (7)  Lavdanine, 
C,oH,,N04 ;  (8)  Laudaiim^ne,  UiiUjjJiU,,  and 
(9)  Mteomdine,  C,iH,,NO«,  which  exist  in 
opium  in  minute  quantities,  were  discovered  by 
Heaso  (Annalen,  153,  47,  66  ;  Sunpl.  8,  272,  280, 
321).  (10)  Papavtriw,  C^H^KO*.  was  dis- 
covered by  Merck  in  opium  (Annalen,  66, 1 25 ;  73, 
90).  It  exists  to  the  extent  (tf  about  I  p.c  (II) 
TAinthopinc,  CjjHjjNOj  (Hesse,  ibid,  163,  67  ; 
Suppl.  8.  271).  (12)  Protopinc  Cj^Hi.NO, 
(HfiW,  ibid.  Suppl.  8.  318)  and  i  13)  Cryjttopine, 
U„H„NO-  (T.  .in.!  H.  Smith,  rhnrm.  J.  [li.] 
8,  696.  71U)  are  (ound  in  opium  in  very  Hmall 
proportions.  (14)  Nnrcotine,  (',,H,,XU,.  The 
disoovery  of  this  base  has  been  miened  to 
(Uready.  It  exists  free  in  opium  and  may  be 
f.vfractcd  1>\"  Ix-ti/i  ric  in  uliich  morphine  is  in- 
soluble. 'J'urkihh  opium  usually  contains  1  to  2 
p.c..  but  Eikst  Indian  and  Persian  opium  often 
coiitjiin  much  more  narcotine  than  morphine. 
In  mum  «ipccinicns  the  prupurtion  reachea  10 
p.c.  It  is  crystalline,  melts  at  176°  and  forms 
salts  with  difficulty.  (15)  i?A<sarfi7icC„H„N0^. 
a  base  found  in  the  Papater  IthoBoa  (Linn.). 
pr>'ltalily  occurs  in  oj)inm  in  minuto  quantity 
(Uciisc,  Annalen,  140,  146).  (16)  OxynarootinCt 
CiaHsjNO.  (Beckett  and  Wright.  Chem.  Soc 
TranK.-20.4nn.  (17)  .V^rcf t/if. C,,H,;N(),,3H,0, 
was  discovered  by  IVlietit-r  in  opium  in  which  it 
is  found  to  the  extent  of  0-02  to  0  1  or  even  0-7 
p.c.  (Ann.  Chim.  rhvH.  [ii.j  1,  262).  It  conaistn 
of  long  colourli's.s  pri.sin.s  which  lose  water  ut 
100^  and  melt  at  146^  (Hesse,  Ber.  7,  105).  (18) 
Qnotcofint  {tU-mtrcotinc),  CjjHjjNOj  (T.  and 
H.  Smtth,Pharm.  J.  iii.i  9,  82  ;  52.  791).  (19) 
Tritopinr,  CijH  ,X.<  >.  ^K  uidor,  .Arch.  Ph  irm 
22s,  419).  (20)  l\i(fiHcro.Htnc,  a  base  found  in 
I>oppy  capsulfs  by  j)tschainp.s  (J.  1864,  446) 
but  not  hilhtTl^i  dt>tc'cte«l  in  opium.  (21) 
Laudaniditu,  t\,,HjrN04  (Hcste,  Annalon,  2S2, 
20S).  (22)  Xftnthulinc  or  Papuweraldiue, 
C,oH„0,N  (T.  and  H-  Smith,  Pharm.  J.  52. 
793 ;  Dobson  and  Pcrkin,  Chem.  Soo.  Tran^ 
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99,  136).  (23)  Hydroxijcodeme,  C„H„04N 
(Dobbie  and  Lauder,  Chom.  Soc.  Proc.  1910, 
X\9).  Whh  the  exception  of  inorphint'  and 
iiutcotiitt)  thy  lumaininE!  bases  do  not  occur  in 
opium  to  a  greater  exi<jnt  together  tllMi  2  p.o. 
aadgemniiy  not  more  tkau  i  p.c. 

TEw  nratnd  compomids  ue : — (1)  Meconin, 
C,oH,,04,  diacoveretl  by  Dublanc  (Ann.  ('him. 
Phys.  [ii.J  49,  5),  but  more  compiett>ly  studied 
by  CSoneroe  (Axinalen,  6,  ISO).  It  may  be 
obtained  by  the  oxidation  of  narcntine  (Ander- 
son, ibid.  8t>,  191 ;  98,  44)  and  ia  formed  in  other 
leAotionft  It  ii  «i  iiuMC  aolijdiids 

C,Ht(OM»),9H,-C09 

(Heesert,  Ber.  11.  257).  (2)  Mtconoidn, 
C^Hg^O,  or  perhaps  C,H,(Me),(OH),.  It  is 
erystiiUuie,  nulls  at  88**,  and  waa  found  by 
T.  and  H.  Smith  in  the  mother-liquor  from  the 
ijrc>p.iraliou  uf  mocuuiu  (Pharm.  J.  [lii.j  b,  9S1). 

The  discovery  of  Meconic  acid  CjHiO^.SHjO 
ha»  Already  been  mentioned.  It  u  »  tribaaic 
aoM  fonning  primary,  aeooncUuy,  and  tertiary 
salts.  Heated  to  100"  it  loses  its  \vat<'r  of 
orystallisation,  and  at  120°  to  200""  it  breaks  up 
into  carbon  ddozide  and  eomm«b  aeid  C«H«0|, 
ftnd  at  a  higher  temperature  into  another  mole- 
cule of  canbon  dioxide  and  pyromeconic  acid, 
CfHiO,.  Mcconio  acid  occurs  in  opium  to  the 
ext«nt  of  3  to  5  p.c.  in  combioatioa  with  mor- 
phine, and  perhaps  with  other  bases.  The 
'bolactic  acid*  of  T.  and  H.  Smidi  (Pharin.  J. 
Qi.]  7. 60)  has  been  tihowa  by  ^tenhouiie  (Watts' 
Diet.  Ist  ©d.  6,  799)  and  Bnohanan  (Ber.  3, 182) 
to  be  identical  with  lactic  ar-id.  Turkish  opium 
contains,  ac(X}rding  to  T.  and  li.  iSmith,  2  p.c, 
bnt  it  is  probably  not  an  original  conatiftaant  of 
the  poppy- juice  (Fluck.  a.  Uanb.). 

The  less  important  constituents  of  opium 
reprosi-nt  tbrce-iourtlia  of  its  weight.  Waier 
exists  to  »  very  variable  extent.  Turkidi  opium 
fwntains  on  an  average  12*6  p.o.  The  Bengal 
opium  sent  to  China  is  made  to  contain  uni- 
formly 30  p.c.  About  ."Ai  p.c  of  opium  is 
compoied  oi  a  tjum,  having  properties  <listinct 
from  gum  arabic,  pectin,  awnmcn,  and  frag- 
ments of  capsules.  Sugar  is  present  in  French 
opium  to  the  ext«nt  of  6-5  to  8-0  p.c,  and  is  said 
to  bo  tuiGryataUisable.  Of  that  part  of  Turkish 
opium  insoluble  in  water,  6  to  10  n-c  is  oom> 
posed  of  (/VI  r,  peetin,  and  insoluble  calcium 
salts.  The  wax,  which  exists  in  the  juice  as  an 
emulsion,  is  a  mixture  of  cerotyl  palmitate,  and 
cerofi/l  arolalt  (He.sse,  Ber.  G.'IT).  Vi>rninnf 
ouiuui  conttuucd  11  p.c  uf  cuoxlrjioar  (Pructer). 
Tne  colouring  maiUr  and  a  ptim/nU  vUalUc 
avbttancep  which  is  removed  by  benseoe  or 
acetone.  Iiave  not  been  examined.  Of^m  leaves 
4  to  S  p.c.  of  a«h  consisting  «  hiefly  of  sulphate 
and  phosphate  of  calcium  and  magnesium. 
Poppy-juieu  contains  no  starch  or  tannin.  The 
pre:»enrf>  of  these  sub^itances  in  opium  is  there* 
foru  &n  indication  of  adulteration. 

Microscopic  ex.itniii  iti<>n  uf  opium  atkd  the 
constituents  extracted  by  Bolvcnt.s  (Dcanc  and 
Brady,  Pharm.  J.  fii  ]  0,  234  ;  7, 183).  Examples 
of  analyses  ;  I't  i  ^iaa  n|)iuin  (W.  I>.  Howard, 
ibid,  [iii.]  (5,  721)-  Australian  opium  (Ward, 
ibid,  [iii.]  1,  MS ;  Matthews,  Austral.  J.  Pharm. 
Nov.  1887) ;  Vermont  opium  (Procter,  Amer.  J. 
Phurm.  [iii.J  18,  124);  Fliickiger  (Jahr.  1809, 
797 ;  Pharm.  J,  [ii.}  10«  208) ;  indiao  and  Chinese 


opium  (Hruwne,  ibid.  84,  452;  van  iiaiiie  and 
Kerboseh,  Arch.  Plmrm.  248,  609). 

for  determinatioa  of  morphine  in  opium, 
V.  Kebier  (J.  Soo.  Chem.  Ind.  14,  4«4);  Dott 
{ibid.  15,  91);  Clordin  and  Prescott  (Arch. 
Pharm.  237,  380);  l>ow»ard  (Pharm.  J.  71, 
909) ;  SchidrowitB  (Anal^  29,  144) ;  and  foe 
determination  of  narcotme  and  codeine,  van 
der  Wieiin  (Pharm.  Zeit.  48,  207) ;  Caspara  (J. 
Pharm.  Ghim.  20,  468);  Andrews  (AnalyBt,  36, 
489). 

Physiological  atiim  and  uses. — Opium  is 
without  doubt  the  most  important  remedy  avail- 
able for  use  in  medicine,  its  action  on  man  ia 
chiefly  on  the  bcain,  producing  sleep,  la  doses 
of  a  grain  or  less,  a  stage  of  slight  excitement 
suptii  vcnes  during  wiiicli  the  individual  caa 
control  his  energies.  In  1  to  2  grain  doses  the 
stage  of  exeiteiiu'iit  is  short  and  is  succeeded  by 
deep  hJeep,  after  which  there  is  nausea  and 
headache.  If  large  <lo.s(^'rs  of  3  grains  or  more  be 
administered  the  excitement  is  very  short  and 
is  followed  by  sleep  which  beoomes  more  and 
more  t  \to.sc  until  the  patient  cannot  be 
aroused,  if  death  takes  place  the  respiration 
ceases  first.  Opium  is  used  for  the  alleviatioti 
of  pain,  either  gencmlly  or  loeally,  for  the  pro* 
duction  of  sleep,  or  for  reducing  the  irritation  of 
various  organs.  Its  special  applications  in  the 
treatment  of  ^i*«>«mft  are  almost  endless  (c/. 
Bmnton,  Pharm.  Therapeut.,  1887,  852). 

The  action  of  opium  in  stimulating  and  then 
depressing  gives  rise  to  the  desire  tu  repeat  the 
dose.  In  this  way  the  hahit  of  *  opium  eating  * 
is  contracted.  The  worst  effects  of  opium  arc 
thus  obtained.  It  deranges  the  ner\  uu^  t^ybtem, 
and  impairs  the  intellectual  and  moral  and 
finally  also  the  physical  powers.  De  Uuinoey's 
description  of  his  own  experience  is  weiU  known. 

But  by  far  the  largest  quantity  of  opium  is 
used  for  smoking.  The  habit  is  believed  to 
have  originated  in  Persia,  but  it  is  in  Cbina, 
where  it  prevails  to  the  greatest  extent  at  the 
present  day,  where,  indeed,  its  use  appears  to  bo 
almost  m  widely  diffused  as  the  use  of  tobacco 
in  Europe.  For  smoking  the  opium  undergoes 
a  process  of  preparation  which  is  a  business  in 
itself.  In  Hong  Kong,  according  to  McCallum, 
the  opium  i6  extracted  by  boiling  with  water  and 
tile  dear  solutioa  is  evaporated  until  it  attains 
the  consistence  of  treacle  (Pharm.  .T.  [iii.""  11, 
229 ;  12,  446).  The  Chinese  in  California  lirst 
put  the  opium  through  a  series  of  roasting 
processes  m  hich  are  .said  to  destroy  its  stickiness 
and  render  it  more  ea.silv  extracted  by  boiling 
with  water  (Calvert.  ihvL  [iii.]  120,  148).  The 
Chinese  recognise  four  varieties  of  opium  (i) 
Raw  opium ;  (2)  Prepared  opium,  the  treacly 
extract  (h  ^>i  rihed ;  (3)  Opium  '  dross,'  the 
Hcrapmgci  of  tiie  opium  pipe,  which  are  said  to 
be  strcmg,  hot,  of  inferior  flavour ;  (4)  Opium 
'  dirt,'  the  exhau.'<ted  marc  after  exttaetion  with 

water  (McL'ailum). 

The  whole  operation  of  opiuni-.smokiug  i.s 
described  in  a  letter  which  aooompanied  an 
opium-smoker*B  set  of  apparatus  in  1882  from 

("juitoii  t<i  Ki  w.  The  pi|>e  has  a  flat  bowl  made 
uf  metal  with  a  verj'  snuUl  opening.  A  drop  of 
the  soft  opium  is  taken  on  the  point  of  a  '  dip- 
per' and  drxteroti«Iy  roasted  in  tljc  tlanie  of  a. 
j  little  lamp  uutii  witii  constant  burunig  il  Ima 

1  the  aiq[tearanoe  of  burnt  wonted.  Tuen,  first 
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warming  the  bowl  of  the  pipe,  the  drug,  about  the  |  essential).  The  non-protoin  nitrogenous  mntttr 
•lie  of  A  hnmp-aeed,  is  placed  aboal  the  open-  of  oranges  consists  chiefly  of  aaparagine  an<I 
tag  in  bowl,  the  pipe  teheo  in  the  month  I  (rlutamme  (Scurti  and  de  Plato,  Chem.  Zentr. 
anfl  the  ..piutn  ignited.    The  smoke  is  jmrtly  '  ii.  10,  1370). 

Bwaliowied  or  inhaled  and  partly  exhaled  by  the  :  The  film>u8,  insoluble,  inside  portioDa  of 
IDOvth  and  nose.   The  preparation  for  smoking  j  Japanese  oianges  wen  fonnd  to  eontsfn  

opcnpi«'s  r>  (  If  10  minutes,  but  the  actual  smoking 
onlv  .\}H>iit  30  beeonds  (Sampson,  t&id.  [iii.l  11, 

22;: 

Tb£  physiological  action  of  ofMum  smoked 
in  tbia  way  is  clearly  quite  different  from  what  it 

is  when  takt-ii  in  th«!  stoniach.    It     iii  r  \vorthv 


Water  Protein  Fat  Galactan  Pentosan  <  i  i;  lose  A«h 
1216   5-27  1-28  18-91     27-72      32-51  215 


(Bahadtir,  Bull.  Coll.  Agr.  Tokyo  Imp.  Univ. 
1906,  7,  121  ^    Ttic  leaves  of  tho  bitter  orange 
{Citrus  vuhjarid  [KissoJ)  contain  stachvdrint; 
^  *   u  ki        ^   *      (Jahng,  Bcr.  1896, 29.2065).  Dried  orange-peel, 

that  those  opiums  most  highly  prized  for  softened  witl.  a. Hie  acid  anti  boiled  with  uSter 
niokixig  oontate  ft  MIuU  P«»»ntege  «f  mw*  !  yields  about  S  or  y  p.c.  of  lajvulose  (Bauer! 
phme.    It  wotild  seem  tliat,  notwithBtancbng  the  Lan<l«.  \  «  rsuch8.8tat.l8M,4«.  298).  HI 

S^TkJ'SI  ?1L»'^*  T^'^Tm^k'^       ORAMCITE.   Ao  ot»ngo.coloured  v;ri;tv 

tftk«  W  tha  CWne»  Government  and  held  by  ^  the  mineml  thorite  (q.v.),  occurring  a. 
many  Europeans,  the  habit  not  more  m-  tetra.vmal  rry.fals  an<l  ivvJ<:u]nr  mas«e8.^ca. 
junoua  than  the  u-w  of  other  stuHulante.  Opium  ,  sionally  a  few  ounces  in  weight,  in  the  augite- 
m  the-  h.u.t  .eems  to  perform  the  same  function  of  soathem  Norway.*  It  wma  deseilbed 

ihfttakoh£J«^^^  named  hy        Hor.elnann  in  1851.  a.ul 


be  ftMwtNiied,  with  About  tbe  same  good  and 
h.v\  f-fTf.  trt  (rf.  Rirtlwood,  Pharm,  J.  [iii,]  12, 
600 


l>elieved  by  him  to  contain  a  new  dement 
'  donariuin.'   The  identity  of  the  mineral  with 


OPOBALSAM  ,.  0^a.u^,»..  ORAHOE.  CHPO^TE  , .  On.o«„i  "  ' 


OPODELDOC.  Linimentum  8a/pmuUO'Cam' 
pkoralum.  A  aolution  of  ao»p,  camphor,  and 
voUtife  oilfl  in  aloohol,  tised  externally  in 
Thenraati^  1 1 1 .  - ;  1 1 , 1 1 1 1 s,  &c. 

OPOPANAX  or  OPOPONAX  v.  Uum-buihs. 
ORAHOB.  CUnu  AurmUivm  (linn.). 
Many  varietiee  are  known.  difTcring  in  size, 


ORANGE,  CHnOME,  ,  , 
ORANGE^  CROCEUI  v,  Axo-  coloubimo 

MATTEBS.   

ORANGB  FLOWERS,  OA  OP,  v.  Qiu. 

ORAMOB.  GOLD  p.  Ato-  colotoikg  mattkiuh. 
0BAB6B  LBAVBB»  OU  OF,  v.  Oils,  wm- 

TIAL. 


Hhape.   colour,   flavour,   and   other  respects.  |  rtoSSrJ^EinSlt  ^5/^^^ 
KSoig  gives  as  the  avenge  of  ft  wylMge  ORANGE,  METHYL;  ORANOB,  BAPBTHOL, 


numbrr  of  d^^trriiiinaf  inns- 


Mtmu      of  fruit 
in  sTsms. 
188-4 

The  flesh  contains — 

Water  Protein  Invert  « 
84-3     11  2-8 

The  juice  c^tilains — 


Perceuttti^  proportion  of- 
Fle»h 


Rtnd 
27-8 


71-0 


Pipn 
1-2 


Owe  sugar  Citric  acid  Asb 
2-9        I'A  0-4 


Total 
extract 
13-0 


Invert 
•near 
4-1 


Cane 
tittusr 
60 


Citric 

ACid 

1-4 


V.  AZO-  COLOUBIXO  MATOEBS. 

ORABBB  OCHRB.    Burnt  Jtomm  ochre 

V.  PlOMENTS. 

ORANGE  OIL  v.  Oils,  M&SE^iTiAU 
ORANGE,  PALATINE,  v.  Palatwi  oBakos 
ORANGE    RUSSET.     £vim»  tnadder  p] 

PtOHllN'ra  . 

ORANGE,  SALICYLIC,  v.  Salicixic  Acid 
ORANGE   YELLOW  v.  Azo-  coLOVBiNa 


Protein 
0-4 


Ash 
0-3 


TTie  following  figurcif  were  obtained  by 
Fam«teinor  and  Stiilx  r  (Z*  itsch.  Nahr.  fJenufwnl. 
1904,  8,  tI03}  from  the  examination  of  the  jaice 
of  Vakocift  ftnd  Meosinft  oiftngee : — 


8p.gr.  ftt  15^ 

„    after  Ixiiling 

Ctems  per  100  c.c. — 
Total  soli. Is.  drifd  at  100° 
Citlic  acid  (anhydioos)  . 
Totel  eogar  (a«  juTcrt 

Hogar) 

Abh  .... 
Nitrogen  .  .  , 
Polansatioii  in  200  mm. 

tube,  dirtcL 
Folftiisfttton  in  200  nun. 

tufjp.  a ft^  r  inversion  . 

The  characteristic  flavour  of  orangen  in  dur 
to  tbe  sngar,  fn>e  citrie  and  maflo  acidn.  and 

•wflitinl  oils-  \rhirh  thov  cnntain.  Tlir  lii>(. 
iB«otiuncd  is  most  abuudAnt  in  the  rind  {v.  Oils, 


Valencia 

Me'^sina 

orantreii 

1-0464 

1-0451 

1HM66 

10-92 

10-H-; 

1-79 

1-47 

7-65 

7-86 

0-52 

0-62 

(MM» 

O-OTS 

-0-11° 

+2-45 

--.3- 10*^ 

ORCEIN  V.  OreiruH,  art.  FAkKcc  ass>  tm 

H0MOLOOUK.««. 

ORCHELLA  WEED  v.  AncBiL. 

ORCHIDIN  r.  SVMTHETIC  DRUQS. 
ORCHIL  V.  Abchil. 

ORCHIL  SBBSnTUTB  v.  Aso.  oolousikq 

MATTERS. 

ORCHIPIN  V.  SvuiSBTic  dbcos. 

ORCm  «.  OiMnof,  art.  F&moL  akd  m  homo. 

looues. 

ORCINOL  V.  Fnnroi:,  aitd  m  HOMOLOGrus. 

ORDEAL  BEAN.  Cnlnbdr  Beau,  p}n,so- 
oltgma,  E«€Ti  Kvt  { F,he  de  Calabar,  1  r.  • 
KaUibarhok^,  Qw.).   The  seeds  of  the  Phytot- 

liffma  ventnwsum  (F.If.  Mri.  a  climbing  plant, 
inhabiting  the  banko  uf  tlie  Niger  aud  Old 
Calabar  rivers  near  their  mouths,  in  Western 
Africa  (rf.  BcntJ.  a.  Trim.  80,  and.  for  an 
allied  s|)<  <  Holmes,  Phann.  J.  [iii.]  9.  f»I2). 
'J'Jii'  jil.irif  h.\^  ;i  \MM,,Iv  Btem,  and  nscends  to 
*k  luiKht  of  lifiy  feet.  The  secils  are  exceed, 
mglv  pf>isonou«.  a  property  known  to  the  natives 
in  the  neif^'hlM.nrln  .  ,|  c,f  the  Cnlf  of  (.'nincft,  by 
whom  tht\v  IT*  HlimniNtomi  as  .-in  ordt-al  to  U' 
undergotK  in  cnsvH  of  .Mispfcfffl  wttchcnft. 
Daniel,  about  1840,  introduced  ordca]  bean  into 


OBDBAI.  BEAN. 


Europe  (N.  Ed.  Pharm.  J.  40, 313),  and  if  s  physio- 
losical  action  was  examined  by  Christifton 
(PhMnn.  J.  14,  470).   It  a  narked  eon* 

traction  of  the  pupil  of  thp  oye.  and  on  this 
accouDt  iH  much  UHed  in  ophthalmic  medicine. 
With  rcgnrrl  to  the  aotagooiun  between  ordeal 
bean  and  beUadonna,  r.  Bennett  (Brit.  Med.  J. 
1875,  464).  It  is  triven  in  causes  of  poi^ning  by 
.strv'-lininc,  and  g'-nernlly  in  tetanua  and  obona 
(c/I  Fluck.  a.  Uanb.  191). 

The  physiological  activity  of  orde&I  bean 
depends  chiefly-  upon  the  presence  of  the  alka- 
loid physoatiffniine  ur  eserine,  CjgHjiNsOg,  dis- 
covered by  Jobst  and  Hesse  (Annalen,  12'J,  1 15). 
To  obtain  it,  the  seed  is  exhausted  •with  alcohol, 
and  the  ajcuhol  removed  from  the  solution  by 
distillation.  The  residue  is  mixed  with  sodium 
bioarbonate  and  eztraoted  witJi  ether.  The ; 
ethereal  adiition  is  ihaken  with  water  contain*  i 
ing  Kulphnric  jvcid,  and  (he  acid  .solution  of 
alkaloidal  suJphat«  is  treated  with  excess  of 
aodinm  bicarbonate.  Ether  now  extracts  the 
physostigmine  and  yields  it  as  a  brittle  vnnii»h 
on  evaporation  (Hesse,  Annalen,  13U,  82). 
Petit  shakes  the  last  ethereal  solution  with 
water^  containing  inat  anfficient  aulphnric  acid 
to  nentralfw  the  alfcrioid.  Tn  this  way,  after 
removal  nf  the  ether  and  cvajjoration.  crys- 
tals ore  obtained  of  neutral  sulphate  of  physo- 
•tigmine  (J.  Pharm.  Chim.  [iv.]  14,  255). 

Physostigmin*'  i.'s  tastelen.s  but  cxeeediimly 
poiaouous.  It  forms  cul(>urle*«<  or  piukiiiji 
crystals  \Nhich  raelt  at  lOS^-lOG"  (Petit  and 
Polonowsky,  J.  Pharm.  Chira.  [v.]  29,  55).  It 
is  soluble  in  alcohol,  ether,  benzene,  carbon  di- 
stilphide.  and  cliloroform  ;  but  is  only  spariniily 
soluble  in  water.  It  oxidises  readily,  e.specially 
when  moist,  at  100°,  a  compound  lieing  formed 
which  gives  a  red  colour  with  acids.  TJleafhing 
powder  also  gi  ves  a  red  colou  r  reaction  with  p  h\>.o- 
stigmine.  The  alkaloid  in  solution  {treci^iltates 
ferric  chloride,  and  combines  with  acids  to  form 
Balt«.  Most  alkaloidal  reagents  precipitate 
phy-^ost i^^'Miinc  'I'lic  c'();npoiind  witli  pcita.ssio- 
mercuric  iodide  CjcUajNsOt,KI,UgIg  is  white, 
ittaduUe  in  water,  nut  fl<duble  in  Mcohol,  from 
which  it  may  bo  obtained  in  crystals  which  melt 
at  70°  (Hesse).  When  the  alkaloid  is  neutral- 
iaed  with  diluto  sulphuric  acid,  an  excess  of 
ammonia  added,  and  the  mixture  evaporated  to 
dryness,  a  magnificent  blue  residue  remains. 
The  blue  compound  is  .snlulile  in  Avater  and 
alcohol,  and  may  be  crystallised  from  these 
•olTents  in  elongated  priems.  If  to  a  acdntlon 
of  the  ba.se  in  water  ammonia  be  a  Ided  and  the 
mixture  bo  evaporated  at  100"  a  Wuif^h  lesiduo 
remains,  which  on  the  addition  of  an  acid 
becomes  beautifully  dichroic  blue  and  red 
(Petit,  Compt.  rend.  72.  569;  J.  C.  Uraney, 
Pharin.  J.  [iii.]  20,  1061).  When  hcAted  wifli 
aqueous  alkalis  in  prcHeneo  of  air,  eserine  lirst 
yields  nAre$erine,  C,gHiftNjO,,  which  crjwtal- 
lises  in  n-d  needle-^,  Imt  w  Iiich  is  pradnally  con- 
verted into  eserine  blue.  This  is  a  true  ilye, 
colouring  silk  and  wool  without  mordant.s 
(Ehrenburp,  Cheui.  Zentr.  1894,  ii.  439).  A  list 
of  colour  reactions  of  e.serino  is  given  by 
Reichard  (Pharm.  Zentr.  50,  375). 

According  to  Harnaclc  and  Witkowaky. 
(Pharm.  J.  [iii.]  8,  2),  ordeal  bean  contains  a 
«ori,i>iI  ilk  tloiii.  rain',.,!  ' ,  whieh  differs  in  its 
liolu  bill  ties  and  its  phyhiologiual  action  froui 


physofitigmine ;  indeed,  it  i^ppears  in  the  laltcr 
respect  to  resemble  strychnine.  Another  com- 
pound, ph/toateni,  has  been  isolated  by  Hesse 

(Annalen,  192.  Tt  ccjiisiiits  of  brilliant 

tabular  crystals,  which  melt  at  132  -133' ,  and  is 
extracted  from  the  seed  by  light  petroleum  (cf. 
MacEuan,  Pharm.  J.  [iii.]  17.  041).  Windausand 
Hauth  (Bcr.  39,  3478)  shuw  that  this  product 
is  not  a  single  substance.    By  suitable  treat- 
ment it  can  be  separated  into  tHoaUrol  C,^'RttOp 
m.p.  188*-1$7%  identical  with  the  compound 
obtained  from  germinating  wheat  by  Burian 
(Monatsh.  18, 551)  and  /t(iffmns(eroW,QntfiO,H^O, 
m.p.  ITO".     "By  actin;^  on  |)hy8ostigmino  with 
reduriiiL'  agents.   Klur  (Pharm.   J.   [iii.]  19, 
101,  3ir))  has  obtained  a  compound  eeeridine 
CjjHjjNjOj,  which  is  said  also  to  be  a  ( dii- 
stituent  ui  the  seed  (Bdhcinger  nnd  Suhne, 
Pharm.  Post,  21,  663).  It  liberates  iodine  from 
hydriodic  acid.    By  treatment  with  acids  it  ia 
reconvert!  ble  into  physostigmine.   RRcridine  ia 
distinguished  from  eserino  by  not  yiaidiag 
rubreserine  under  the  influence  of  alkalis  and 
air.    A  further  alkaloid  haa  been  isolated  bv 
Ehrenberg  {I.e.),  taeramine  CigH,jN4()„  which 
crystallises  from   alcohol  in  lender  white 
needles.   It  is  not  identJoal  with  Hamaok's 
calabarine  and  doubts  are  expressed  whether 
calabarine  exists  as  such  in  the  beans.  Ogui 
(Apoth.  Zeit.  19, 981)  has  also  desoribed  another 
alkaloid,  isophijmstigmine,  isomeric  vnxh  physo- 
stigmine, but  SjUway  (Chem.  Soc.  Trans.  99, 
2148)  obtained  no  evidence  of  the  presence  of 
this  alkaloid  or  of  esehdine.   Salway  finds  that 
physostigmine  can  be  obtained  in  two  inter^ 
convertible   modificatiotis,  m.p.    8G  -S7"  nnd 
106®-106'^  respectively,  and  he  has  also  isolated 
!  a  n«w  alkaloid,  phyaovenine  Oi4R]<tOsN„  m.p^ 
123'',  whirh.  like  physostigmine,  produces  a 
powerful  myotic  effect  on  the  pupil  of  the  eye, 
in  addition  to  caJabarol  C„H,,04,  m.p.  245',  a 
new  dihydric  alcohol,  and  trifoUanol  CfiHt^Ou 
a  dihydric  alcohol  previously  isolated  from  red 
clover  fli  iwers. 

For  o3timatiou  of  alkaloids  in  ordeal  bean 
by  means  ol  Mayer*s  reagent  v,  Maying  (Arch. 
Pliarm.  1877.  310).  nravinu-tric  mf>fhod.s  (Cib- 
Kon,  I'liarm.  J.  [iii.]  15,  51)3;  MiicEwati,  iUid. 
[11     i     V  4 ;  17,  642).  A.  S. 

OREIDE.  An  alloy  of  a  brilliant-yellow 
colour,  rcsombliui;  gold,  made  by  taking  eojiper 
100,  zinc  17,  magnesia  6,  sal  ammoniac  3  (),  linn- 
1  'SO,  and  tartar  9.  The  copper  is  melted  and  the 
other  materials  are  added  In  small  portions  at  a 
time,  and  the  fused  7Tias.s  i.'^  skinimed  and  kept 
melted  fur  about  half  an  hour.  The  alloy  has 
a  fine  grain,  is  malleable,  takes  a  most  brilliant 
polish,  and  if  it  tamishos  its  lustre  ia  restored  by 
acidulated  water. 

ORELLIN.  A  yellow  colouring  matter  con- 
tained in  aunatto,  which  is  derived  from  the 
fniit  eapsnles  of  0«w  OreUana  (Linn. ).  Soliible 
in  Xfnii  v  and  alcnhol. 

ORICHALCUM.  A  f  rm  of  brass  in  uso 
aniMi,;  -'i-  /.nciciit.  <■!  ■!,  .u.il  Romans. 

ORIENTAL       EMERALD,  ORIENTAL 

TOPAZ  V.  ('OKTODI  M. 

ORIENTAL  ALABASTER  v.  ONYx-MABBtB. 
I     ORIGANUM  OIL  v.  Oils,  xssentiaj.. 
'      OmOL  YBLLOW  r.  Pximulinb  aki>  its 

DERIVATIVrs- 

1      ORMOLU  V.  Mosaic  auu>. 
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CMUITHUVE,  ai-dtaminomhnc  add 

xn  .rr^O  ^rm  NH,)ro„H. 

first  pn  ium'l  l.v  Jaff^>  (Ber.  1877.  10.  1926; 
1W8,  11.  41M  from  its  dib«ill»yl  dcrivativo 
omtthuric  arid,  found  in  the  excrement  of  birds 
that  had  been  f<vl  with  benzoic  acid.  Tt  occurs 
anions  the  prwlucts  of  alkali  hv(lroIy-i=i  of 
certain  pzoteias,  probably  arising  from  arxinine 
by  a  fdrther  hydmlyris  (Koaiel  and  Wein, 
Zoit'oh.  phvMol.  Phrm.  1909,  69.  492;  60, 
311  :  1910,  68,  ItJO) ;  and  it  ran  also  bo  obtained 
from  artnnine  by  the  action  of  nrgina.^e  {q.v.)  ; 
or  bv  hvdrolvBifl  with  barium  hydroxide  (Sohube 
and  Winterstein.  Bcr.  1897,  30,  2879). 

Jaffd  fie.)  8ho\ve<I  that  ornithine  was  a 
diammoTalerio  acid,  the  pontion  of  the  two 
amino  srmupfl  beinc;  detmninad  by  EUin|{n 
(Bcr.  1898.  31.  31  S3),  who  obtained  jnOresdnt 
(teiFamethylencdiamine.  UdiaadQT  and  Bati> 
maim,  «MdL  1888,  21,  2938)  and  oarboo  dioxide 
bv  the  action  nf  putn'fvincr  pancreas  onomitbine. 
CX)Ph-NH[aT,1,CH(NHC0Ph)C0,H 

(5rni*hiirlc  firl'l. 

-»3iH,[CH,l,CH(NH,yC0,H-»NH,[CH,l,NH, 
Onitthfne.  Pntre«clne. 

Oniithin<^  ha?  ly»on  s\'nthf"'-i.sod  by  Fischer 
(Ber.  104>l.  24,  454)  by  the  following  seriea  of 
reaction-  ■ 

EUiyl->-phthaUmidopropvlmnlonato 

C,H,rCX)l,N[CH,l,-CH(CO,Et), 
obtaine<I  from  potasaiuni  phthalimide,  propylene 
bromide,  and  ethyl  sodiomalnnate,  yields  ethyl 
7-phthalimidopropylbromomalonatoon  broraina- 
tion  ;  this  is  converted  by  hydrolysis  with  loss 
of  carbon  dioxide  into  S-phthaUmido-a-bromo- 
valerio  acid  C,H<[001,N[CH,1,CHBr(C0,H). 
which,  on  treatment  Mnth  ammonia  and  subse- 
qnent  hydrolysis,  yields  at'diaminovalerio  acid 
or  inactive  ornithine.  A  similar  synthesis  has 
been  effi^cted  by  Siirensen  (Zeitsch.  physiol. 
Qiem.  1905.  44.  448) ;  and  a  synthesis  from 
benrovlpipt'ridinc  is  drscribed  by  Fisober  and 
Zempldn  (Bcr,  1909,  42,  1022). 

Ornithine  is  not  crystalline,  but  forms 
(Ty-l'«1HiM  salt.s  ;  it  is  readily  soluble  in  water, 
forming  an  alkaline  solution;  it  contains  an 
asynuueirio  oarbon  atom  and  derivatives  of  tbe 
dcxtn").  I.T'Vo,  and  racemic  varieties  are  described. 

<i-Omlthine.  The  ornithine  livdrochloridc 
obtaine<I  bv  hydrolvslH  of  nafurallv  occurring 
omirhurir  acid  has  \a\,^  to  10  8°  (Schulz<> 

and  Wintfrstcin,  Zeit**ch.  physiol.  Chcm.  1901, 
34,  128),  and  rf-omithino  Is  also  obtained  by  the 
hydrolysis  of  rf-arpininc  with  barium  hv<lroxi(lp. 

BalU.    Hydrochlorides  CH,  .0,N„2HC1  and 
CJB.ififiiM(  \  :  platinichlMri-lc 
CjH„0,N„H,l'ta,; 
nitrate  C,H„0,N,.HNO, ; 
osnlato  a0sH,cO«Na.8CtH,O4 ; 
acetate,  ni.p.  161'*-1B2''  ; 
picrate  C\H,,0,N..r,H,0,N, 
(.Schulzc  and  Winterstein) ;  or  with  1H,0.  m.p. 
198°-199''  (RieMor);  or  m.p.  203'-204<*  (Kossel 
and  Weiss). 

Aq/lderioaliMM.  Tbe  bydantofai  C,  ,11,00,^^, 
ni.p.  191*~192°  :  the  0-nnphthaIencsulphone 

CsH,oO,X,(SO,C,„H,),. 
m.p.  189":  the  monob<nzf>vl  <'iiH,,0,N2,  m.p. 
286"  -240"  ;  the  dibcnzoyi  (d-ornithuric  acid) 
I1iC0-MH[GHJCH((X),H)MH-C0Pli, 


m-p.  184«-185°,  [all, +  9-2°  to  9-3°  in  10  p.o. 
solution  of  sodium  salt,  -f  S-S"  in  20  p.o.  aoltt* 
tion ;  brucine  c{-omithurate 

m.j).  13""- 130^.  separate'^  from  a  solution  (rf 
j  brucine  in  raccmio  omithuric  acid. 

MMIMiMu  Aeyl  deHwOha,  Thedibenioyl 
(?-omithnrifaf  id)r,^,H'_,„0,X,,  from  (fZ-omithnric 
j  acid  by  fractional  crystallisation  of  the  cinoho- 
I  nine  salt ;  ni.p.  188M80*,  [a]p>-9'S2*  in  10  p.0. 

solution  of  the  sodium  salt ;  cinchonine 
I  /-omithurate  C,„H,„0,N2  ( VH,,ON,.H,0.  the 
j  anhydrous  salt  hii.-<  m.p.  I.'>4'-ir»r)°  fcorr.) ; 
monolK>n7ovl  f,  ,H,,0,N».  m.p.  240" ;  the  pbcnyl- 
wocvanatc.  m.]).  189''-190**(corr.);  the  hvdantoin, 
m.p.  191°  fcorr.). 

<22-OrnlUilne,  obtained  by  tbe  putrefactive 
hydrolysis  of  arginine  earbonato  (Aekennann, 
Zeitsch.  physiol.  Chem.  1908.  m.  30.')):  by 
hydrolysis  of  clu^xsine  sulphate  with  barium 
bydroxide  (Kossel  and  Weiss,  ibid,  1900,  HO, 
492  :  60,  31 1 ) ;  is  also  prepared  by  any  of  the 
sjTithetic  methods  dc.sirriHed  above. 

8alt$.  Hvdmchloridc  CH,  ,0,X..TTri.  m.p. 
216*;  aurichloride  C\H,,(),x;(HAua4),.H,0, 
decomposes  at  173**-!  7.')'' ;  platiniohloridd 
OfHjtOtNs'HzPtCl,  ;  Hulphatc 

(CsHi,0,N.),H;SO,. 

m.p.  213*;  nitrate  C\H,  .O  X  ,  HNO„  m.p. 
183*;  oxalate  (C,H„OjX,),(\H.,0,.  m.p.  218*; 
carlxmate  ;  acetate  C.H  .jO^X^-O^HjOj,  m.p. 
163°-164°;  monopicrate  CsHJjOjX.  C.HjOjN,, 
m.p.  170",  triolinio  system, 

a:h:  cz-6-6962  :  1  :  0-6301. 
a=93°  10',  fl=l()0'  .'iS',  •y=8P  19';  dipicrate, 
CbH,jOsN,((',H30-X,)3.2AH,0.  m.p.  183''-184»8 
picrolonato  C.Hi^OjX.-C,* H.O.X^.UH.O.  m.p. 
220°-22r.  Doxi})k  salts,  with  cupric  nulphato 
(C,Ht,0,N2)X'uS0«.H,0.  m.p.  204''  20.5°  :  with 
ouprio  nitrate  (C,H„OaNt)iCa(NOa)t.iH,0, 
ni.p.  16r-168«;  with  sUver  nitnto 

OAsO»N,*HNO,-AgNOt, 

m.p.  175". 

Acyl  d4  riral{v^.<t.  The  ])hcnvhV(0(>\ anatc,  ni.p. 
192';  the  hydatitoin,  m.p. '  194'-19rj"  ;  the 
/3-naphthalene.sulphone  CjH,  „0-(X*j(C„H,SOj), 
m.p.  19r>''-196'' ;  the  8-monubenzoyl 

HiGO*NH[GH«l,C!H(NH,)6o,H, 

m.p.  2*^)",  or  286*-288"»  ...i  tlio  Maqucnne 
block ;  the  8-m-nitrobenzoyl  CiiUiaOaN,,  m.p. 
200*  j  the  a-monobenaoyl 

NH,[CH,],CH(NH'COft)(X)jH, 

m.p.  264''-267''.  on  the  Maqticnne  blo<  k  :  and 
theaS-dilK-nzoyl  ((//-omithuric  acid)  C,«H«„(  ),X'j, 
m.p.  1S7^-!S8°.  M.  A.  W. 

ORPHOL.  Bismuth  iS  naphtholate,  v.  Bis- 
muth, Oroamc  compottnds  or;  alw  Synthetic 
DBOOS. 

I  0IIP1M£NT  {Auripigmenium).  Native 
arsenic  trisulphide,  As,S|,  crystallising  in  the 
orthorhombio  system  and  i^oniory)hou3  with 

'  stibnite  (SbiS,).    Crystals  arc  rare,  the  mineral 

I  usually  occurring  as  laminate<l  or  scaly  masses 
with  a  perfect  cleavage  parallel  to  the  .surface  of 
the  pifites.    The  c<»lour  is  Ienu>n-yrllnw,  jind 
th(T»'  is  ;i  jwatly  lustre  on  the  rlcivai.'"'  ^iiirrK  « 
The  mineral  is  very  soft  and  kc*  tile  (H.  l|-2), 

,  and  the  flakes  are  rcailily  bont ;  sp.gr.  3*48. 

1  Orpiment  occurs,  nsually  in  association  with 
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realgar  {rj.r.].  in  uiincral-vriiis  to^fthcr  with  ores 
of  silver,  load,  &e.,  and  uj.su  as  nodules  in  bedii 
of  s;ir»dy  clay.  It  is  found  at  several  places  in 
Hungary,  «t  Merour  in  Ut&h,  and  in  some 
abimdanee  at  Jnlamefrk  in  Ariatio  Tnrkey. 
Some  hundred-^  of  tons  are  exixirttnl  aniniallv 
from  Shili '  kaung- Ch'ang  in  prov.  Yunnan, 
('hina.  The  mineral  ia  used  a8  a  pigment 
(KiriL''s  vclJow),  but  now  mostly  in  the  East  ; 
it  i.H  the  auripigmcntum  (gulden  paint)  of  the 
ancientti.  Formerly  it  was  al»<o  uned  ia  dyeing 
and  calico-printing,  and  by  tannen  for  remoTing 
hair  from  «MnB.  L.  J.  8. 

ORRIS  ROOT  is  (ho  ]..iltd  and  drii  I 
rbizomca  of  Irig  fiortntina  (Lino.),  /.  nailida 
(Lam.),  and  /.  germaniea  (Limi.).  It  ia  ebarao- 
tcriscfl  by  a  pleasant  Hn>ma,  ancl  appenrn  to  be 
slifihtly  detergent  and  antiKeptie.  It  is  em-, 
ployed  in  the  prepaiation  of  violet-powder  and 
dentifrices,  and  to  a  amall  extent  as  an  ingre> 
dient  of  snuff. 

ORSEILLINE  V.  A/o-  C('i.'>rKiM;  mattkhs. 

ORSELLINIC  ACID.  C,H.04.U,0.  was  hr^t 
prepared  by  Stenliouae  (Annalen,  68,  6t),  by 
digesting'  l<<ani>rir  arid  vnth  boiling  baryta 
water,  and  can  also  ha  produced  from  erythrin 
in  a  similar  manner.  Ac-cording  to  Hetaae 
(ibid.  139,  35).  the  ttolutinn  of  erythrin  in  baryta 
water  is  heated  on  the  steam  bath  until  a  .sample 
of  tlif  prodimt  no  longer  yields  a  gelatinous 
precipitate  when  neutralised  with  hydroohloric 
add.  The  liquid  is  then  aeidifieff,  and  the 
or8clIini<-  add,  \\hich  .'■•■paratiH  on  .standing*  is 
cry8talli.>*ed  from  alcohol  or  actjtic  acid. 

Orsellinic  acid  crystallises  from  dilute  acetic 
acid  in  nceiUes  with  iHjO.  When  heat«'d.  it 
melt's  at  170°  with  evolution  of  carbon  dioxide 
and  formation  of  orcin,  and  is  evidently  an  orain 
oarboxylic  acid. 

Efkyl  oradtinate  CmHitO^,  colonriess  leaflets, 
m.p.  132  .  i-i  ]»r<>du((  d  when  erythrin  is  boiled 
for  several  hours  with  alcohol  (Stenhouso,  /.c), 
and  can  l>e  prepared  in  an  identical  manner  from 
lecani»rir  acid  (Schum  k.  .Annalt  ii.  rit.  2(">r,). 

Mi  thi/I  oraellimU  (  „H,p()^  (Si  hun<  k.  I.e., 
and  Stctdmnso,  I.e.),  and  iaoami/l  ori^'Uiiutti 
C|9H|«04  (Stenhouse;  Uesse,  Annalen,  139,  37), 
m.p.  76^  have  tiXm  been  obtained. 

A(f  ording  U)  Henrich  (Ber.  1904.  37,  1406). 
ethyl  orsellinate  in  alkaline  solution  reacts  with 
diaiobmzene  chloride,  with  formation  of  the 
dlsaaobcnzen  I '  f  lo  r i  \  a  1 1  \  c 

C,Mc(UH),((;,HsNj)jCOOKt, 
red  neetUes,  m.p.  180^,  and  this,  on  rrdiictifin 
withstjinnouschoridf  land  hydr»K'hIoric  acid,  and 
further  heating  with  hydrochloric  add  at 
gives  diamino-oroitt  faydroohloride 
C,H.Me(OH).,(NH.,),(.Me:(NH.,);:(OH),=  l:2:4:3:5. 
The  constitution  of  orsellinic  acid  is  therefore 
to  be  represented  a<i  follows  :— 

CH, 


COOH 

ou 


A.  G.  P. 

ORTHITB,  or  Allanite.  A  conjplex  rare- 
earth  silii  atr  Ih  !.inL;inLr  <  >  thr  rpidtite  group  of 
mineral.s.  and  sometimes  known  ait  cerinm- 
epidotc.  The  i.'cn.  ral  fornnda  is  HR"R,"'Si30, 3. 
whnr  W  ("a,  I".  ,  .in. I  W ■  \\,  Fc,  Cc,  Li, 
i>t,  V.    The  extreme  valuts  in  the  analysKiis 


tabulated  by  I>ana  are:  SiO„  29-3-34 •.'">; 
ThO„  tracc-3-6;  Al  ,0,.  fi-3-22-9 ;  Fe,0„ 
I-6-2I-2;  Ce,0„  l  :{  .H  T;  DijO,,  2-9-240; 
La,0„  0-2-81 ;  Y,0„  (>-3-4-2  j  Er,0„  0-2O ; 
H.O,  0-3-I4-6;  also  small  amonnts  of  man- 
ganous  oxide,  raau'ii'-sia,  and  alkalis.  Sp.gr. 
3-5-4-2.  The  mineral  crv&tailisca  in  tho  mono* 
clinic  system,  and  has  either  a  tabtdar  or  a  long* 
prismatic  haMt.  Compar-t  m.isses  and  grains 
are  aliso  common.  It  is  bliitk  or  dark  brown, 
opaque,  and  with  a  pitchy  lustre  on  the  bright" 
sub-conc'hoidal  fracture.  On  the  exterior  the 
material  often  presents  a  dull  weathered  appear- 
ance,   flic    slender    |)ris!nati<'   crystals  liMikin-.' 

rather  like  rusty  nails.  Tabular  ci:}'stals  from 
GreenUnd  were  described  by  T.  Allan  hi  1806, 

and  named  Aliaiute  by  T.  Thom<Km  in  1810. 
The  later  nanus  urthite  (from  6p$6%,  straight) 
was  given  by  .1.  J.  Herzeiius  in  1818  to  long 
prismatic  crystals  from  Finbo  in  Sweden. 
Owing  to  difliculties  of  determination  and  to 
differences  in  com[M>sitiun  and  degree  of  hydra- 
tion, several  other  minerals,  now  recognised  as 
varieties  of  allanite,  have  been  deeoiifaed  aa 
distinct  spfcipH  under  special  names.  As  an 
accessory  constituent  of  crystalUne  rot  ks  (gneiss, 
granite,  andesita,  Ac),  allamte  is  not  of  un- 
common (Kf-nrroncr  in  small  amounts.  It  is 
well  known  in  the  j^ianite  at  Criffel  and  several 
other  places  in  Scotland,  and  in  a  auartz  vein 
traversing  granophyre  in  Merionetlishire.  It  is 
found  in  some  amindance  in  the  felspar  quarries 
of  Swe<len  and  Norway,  and  as  large  masses  in 
gneiss  at  iicverai  American  localities.  Masses 
weighing  over  .30<l  jxninds  have  been  found  at 
Barrintrer  Hill  in  Llano  Co.,  Texas,  where, 
t<»gether  with  gadolinitc,  &c.,  it  has  l)een 
quarried  for  the  supply  of  rare  earths  used  in 
incandescent  gas-lightijDg.  L.  J.  S. 

ORTHOCLASB.   Pata.sh  J<  lspar  v.  Felspak. 

ORTHOFORM  v.  Salicvmc  mu^. 

ORTOL.  Trade  name  for  a  mixture  of 
methyl-o-aniidophenol  and  hydroquinone.  Used 
as  a  ]»!•  >1 1  L  t  1  phir  drvc  lnpor. 

OSAZONES.  A  (Aim  ^iww  l.\  K.  Fischer  to 
compounds  of  phenyl  hydrazine  with  theaugara 
{v.  HyDRAZOK£8  and  U&BB0HXJ>BAT£ii). 

OSMIRIDIUM  e.  pLAnnTW  wictais. 

OSMITOPSIS.  OIL  OF.  Oamttop^iijt  n^fni^- 
coides  (('a.s8.).  an  aromatic^  plant  of  the  order 
of  CompbsHop,  growing  in  South  Africa,  yields  a 

crrcpnish-ycllow  oil  of  a  burning  tast<>  and  nrf>- 
mafic  smell.  Appears  to  Ih'  isotutric  with 
boric    !     I    oil  of  caj<  piit. 

OSmUli.  aym.  Os.  At,.wi,  190*9. 

Thio  metsl  occurs  in  native  platinum  (v, 

PLATIM  MI,  and  c>|).i  i;dl\  in  i i-niiridiu m.  Tt 
differs  trom  the  other  nict«Ls  of  the  nlatinum 
group  in  forming  a  volatile  tetroxioe  OsO|, 
U|>on  the  production  of  \ibicli  ilm  separation  of 
osmium  from  the  oth'  r  platinum  uietals,  and 
especially  from  ruthenium,  depends. 

The  osmtridium  treated  as  doeciibed  under 
Iridium  (v.  alfo  infra)  yiekls  tho  osmium  in  the 
form  of  this  I  1 1.1X1.1.  .  which  may  Ik*  rt-<luce<l 
in  hvdrochloric  acid  solution  by  Siino  or  mer- 
cury (Benselitts.  Ann.  Chim.  Phys.  JS29,  hi.] 
40.  258^;  with  an  alkaline  format c ;  with  hydro- 
t'en  ;  a  mixture  of  i-arlnin  mon-  and  dioxides  or 
with  carlKin.  In  the  latter  case,  the  jnetal  is 
ol)tainc<l  in  a  crystalline  form,  whilst  by  the 
other  mcthoiU  it  i:?  precipitated  as  a  bluish 
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powder  (lX>eb<  rt  inr  r,  Aunalen,  1836,  14,  17 ; 
iksviUc  and  Dt^brav,  Compt.  rend.  1876,  82, 
lOTTV 

llw  metal  has  also  been  obtAinetl  by  the 
redaoUon  of  its  ammoniacal  or  sulphur  com- 
l<»unds  (Berzilins  /.<-.;  1829,  [ii-J  12,  1<)1  ; 
fremv,  ibid,  1855,  [iii.]  44,  387;  Scl^cider, 
AmuJeii,  1897,  floppL  5,  261). 

Osmium  has  a  sp.trr.  of  22*48  (Joly)  {its 
sp.gr.,  however,  depetidt^  on  it«  state  of  division) ; 
and  melts  at  between  2300^  and  2500°.  It 
volatilises  in  the  electric  fiimacr,  but  less  readily 
than  the  other  platinum  tiuUils.  so  that  it 
posj*es.«es  npecial  intep  st  us  Ijeine  the  least 
ivsible  and  probably  tho  least  volatile  metal 
■ad  a«  the  heaviest  m  rafaatMiee,  qualitiefl 
whieh.  in  rorijnnctidii  with  its  susceptibility  to 
oxidation,  and  the  peeuliar  nature  of  its  volatile 
oxhIc.  distinf(uish  it  from  the  other  platinum 
metal-  or  iiHtt  .•<1  from  all  other  known  metals. 

Whtu  heated  npTTiinm  wimbines  directly 
with  fluorine,  cl  :  :  ' .  ttulphur.  and  with 
pluwpborus.  It  iti  not  attaoiu>d  by  hydrochloric 
acid  ankes  the  latter  contains  oxygen  (Matignon, 
Oompt.  rt'nd.  innn.  137.  1051).  ' 

Although  osmium,  when  obtaine<l  in  a  finely 
divided  state  by  tieatment  of  an  alloy  with  a 
K>lvont  Avhich  removes  the  other  met?vl.  h 
eaf»l>  oxidL^cfl  or  dis-solve<l,  it  is  much  more 
refractory  after  ignition  in  an  inert  atmosphere, 
and  ia  best  rendered  soluble  by  fusion  with 
perosidea  or  with  a  mixture  of  caustic  alkali 
and  nitre. 

On  account  of  its  infuiubilily.  it  has  bi>en 
emploved  for  the  manufacture  of  ^etrie<light 

{ilamorr  •.  Imt  liv  n  awn  of  its  high  cost  and  the 
extreiiuly  «iuaU  .supply,  its  U»e  has  been 
alAndontnl  in  favour  of  tantalum  filaments  or 
of  the  '  osram  '  filaments,  which  are  ma<le  of 
tungsten  wire  and  do  not  contain  osmium  a» 
thcnamr  iiii_'ht  imply. 

Jt  Li  stated  by  W.  C  Ucracu«,  that  1  part 
«f  osmium  will  replace  3|  parts  of  iridium  for 
hnnlrnincr  plntinum,  and  that  the  imprt)Vement 
in  eiaislicity  is  still  greater.  From  1  to  20  p.c. 
of  osmium  is  rccomint  ndcd.  (he  alloy  Iwing 
matlc  in  the  abiH*nce  of  oxidising  ga»e«<,  and  tho 
prewnco  of  iron  and  copper  being  carefully 
avoiib^l.  The  alloy  haa  nsan  patented  (Eng. 
Fat.  2»723.  1910). 

None  of  the  osmium  oomponnda  is  of 
t<  f  hnolofrioril  inton-^t,  excepting  the  tctroxide 
and  the  c»smatct«,  u.s  forming  steps  in  the  pre- 
paration of  the  metal,  and  fas  regards  the  former) 
on  acoonnt  nf  a  limited  use  in  microseopy  for 
.«taining  pathol'tgical  sjieeimens.  CoUoiilal 
osmium  has  been  obtaine<l  by  the  reduction  of 
ita  saita  with  hydraxino  hydrate  (Castoro, 
aSeitseh.  anoig.  Chem.  1904,  41,  131 ;  Gutbier 
■Bd  Hofmeier,  J.  pr.  Chem.  1906,  [ii.]  71,  452). 

t  "MrOian»»  OF  OSMICTM. 

Ox'utro.  Osmium  monoxide  0»0  is  a  greyish- 
black  piu'iifT  forniwl  when  the  corresponding 
Mlphite  \A  ignite<l  with  sodium  oarbonate  in  a 
nurent  of  carljon  dioxide. 

Osmium  sMquIoxIde  Os.O,  Is  obtained 
similarly  a*  :i  Maek  ]»owder,  "r  in  oop|HT-re<l 
Boalea  Gy  the  redaction  of  the  tetruxide.  A 
envTMponding  Inowniiih-rMi  hydroxUle  is  pre- 
cipit.itrfl  by  the  addition  of  alkalis  to  alkali 
oeraochluridea. 


Osmioin  dioxide  OsO.  \s  obtained  similarly, 
and  like  llie  foregoing  oxides,  is  feebly  l>U{$ic. 
It  is  bluish-black,  but  when  prepared  by 
heating  its  hydroxide  in  a  current  of  carbon 
dioxide,  it  forms  masses  having  a  copper  lustre. 
In  nbseni  c  of  air  it  is  very  stable,  nut  when 
mixed  with  oomtmstible  bodies  it  deflagiates  on 
heating.  Ihied  hydrated  osmium  dioxide  has 
the  comp<»sition  6isO.,2HiO.  and  is  gradually 
oxidii^ed  in  air  to  the  tetxoxide  (Rufi  and 
Bomemaan,  Zeitsoh.  anoqr.  Chem.  1910,  66^ 
420). 

Osmium  tetroxide  OsO^,  8omctiiiu',s  errone- 
ously termeil  o^mic  acid,  is  prepared  by  heating 
finely-divided  osmium  in  air  or  steam,  or  by 
dissolving  it  or  the  lower  oiddes  in  tMpta  rtffia. 
It  may  al»-r)  be  formrd  by  fu:-inii  the  nu  tal  with 
potassium  hydroxide  and  nitrate  :  the  mass  is 
dissolved  in  \^'at«r,  precipitated  with  alflohol, 
and  (i.xidiscd  w\\\\  chromic  acid  in  a  current  of 
oxygen.  The  j)nr<'  tetmxide  j^o  formed,  %rhen 
treated  with  potas.sium  hydroxide,  forms  po(a«- 
itium  osmaU  Kt0804,2U,0  (Ruff  and  Bomemann, 
I.e. ).  Osmium  tetroxide  forms  gIMening  ncc<lles, 
which  sublime  readily,  and  give  a  coluuriiss 
solution  in  water,  possessing  a  caustic  ta«<te, 
and  tuned  yellow  by  sulphur  dioxide,  then 
brown,  green,  and  finally  indi|.'()-hluf.  When 
fu.wd  it  Ixsila  at  100%  emitting  a  vapour  of 
a  powerftd  penetrating  smell  which  attacks 
the  lungs  and  eyes,  and  produces  inflammation 
of  the  mucous  membrane.  The  tctroxide  also 
ntt^  violently  on  th«-  .'^kin,  tausin)_'  ])ainful 
wounds  (DevUle  and  Debray,  Ann.  Chim.  Pbys. 
1850.  [iii.l  56.  400;  Compt.  rend.  Ift74.  78, 
1609).    It  is  n-adily  reduced  t.  <  th<^  lower  oxides. 

Osmium  trioxide  OsO,  is  unknown,  but  the 

correspondin;.:  >       <■  acid  H^OsO^  is  formed, 

accortUng  to  Momht  and  Wu*chin  (Zeitwh. 
anorg.  CTicm.  1803.  3.  153).  by  treatin«  the 
]H>tassiuni  salt  with  nitrii'  acid.  RutT  and 
Bomemann  (/.c.)  state,  however,  that  they 
eould  not  obtain  it.  A  number  of  its  salts,  tho 
osmaks,  are  known. 

Hnlides.  Osmlum  dlchlorlds  OsCl^,  a  dark 
bro>\*n  insoluMe  ix)U'<ii'r,  may  \>q  formed  by 
heating  the  trichloride  at  500°  under  pre=!nm'. 
and  coolinfj  the  vnpnur  at  —50°;  or  in  small 
quantity  1    >   ,t;  n         metal  in  chlorine. 

Osmium  trichloride  OsU.  is  formed  when 
ammonium  osmiehknrlde  is  heated  at  SISO*  in 
rhlorinf  fRi>fr  and  Bomemnnn  ;  «ce  also 
Moraht  and  Wischin,  I.e.).  It  in  readily  soluble 
in  water  and  gives  rise  to  the  double  salts 
knou-n  as  the  omoMoride$  or  ddoroemilM 

Osmium  tetrachloride  OsCI,  is  prepare<l  by 
heating  osmium  in  a  slow  cum'tu  of  chlorine  at 
660*-700*,  the  issuing  vapours  Ix'ing  cooled 

in  a  (uIm-  wT'ipix  d  in  asl)e8tos.  It  forms  black 
metallic  crusts,  volntiliHcs  in  a  vacuum  to  a 
yellow^  vapour,  and  is  slowly  decorapow-il  by 
wator  with  formation  of  the  dioxide  and  hydro- 
chloric Hci«l.  It  i  s  the  series  of  salts  kjiown 
a.s  the  ofimicfiloridfft  or  chlorosuuitftt  M-^O.sC'lj 
(Uutbicr  and  Uaisch,  Ber.  lOOi),  42,  4239).  For 
certain  derivative!*  of  these  and  other  similar 
enm|ioundH.  «</■  Itosrnhciiii  and  Sii  riih. 
Zeitsch.  anoig.  Chem.  l8tMI.  21.  122;  Wintre- 
bert.  Ann.  (Iiim.  Pbys,  1903,  fvii.]  2H,  IS. 

r>  mium  bromides  and  iodides  are  also 
known. 
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i<xlo  osmous  acid  1.08*2111  is  foriuod  when 
iMMOent  hydrogen  iodide  TMUsts  with  an  ofln^m 

compound.  Its  solution  possesses  a  fine  em>  raid  ■ 
green  colour,  wlxich  rapidly  turns  red  on  expoauro 
to  air,  but  its  salts  are  more  stable  and  form 
pmnanant  nesn  solutions.  Thus  roactbn  may 
OS  smployea  as  a  t«st  for  osmium  compounds 
and  nlsn  for  iodides  in  tiie  presence  of  chlorides 
and  bromides  (Alvarez,  Compt.  rood.  1906, 140, 
1254 ;  Orloff,  Gheni.  Zrit.  1907,  31, 1063). 

Osmium  tstrasulphlde  OiS^  is  an  insohiVilc 
brown  substance  formed  hy  passing  sulphuretted 
li3rdrogen  into  a  solution  of  the  onde. 

Omiilim  sulphite  O.^SO,  and  nnmrrous 
complex  sulphites  have  been  prepared  (1{oh,cii- 
heim  and  S  is«erath,  I.e. ;  Rosenheim,  ibid. 
1900,  24,  420).  Osmium  forms  complex  deriva- 
tives idfh  Anmonta  and  also  an  acid  0»NO,H, 
termed  rKimunnic  acid,  a  number  of  the  ><alts  of 
which  hav€  Iwyn  prepared  (Werner  and  DinklaKC, 
Ber.  1901,  34.  2698;  ibid.  1906.  89.  499).  By 
the  aetion  of  acids  on  the  osmiamntP:<.  nilrifo 
compouads  of  osmium  are  lornied  (Brizartl, 
Ann.  Chim.  Phys.  1900.  [yu,]  21,  311 ;  Werner 
and  Bmklage,  l.c). 

Ondmn  nlMte  03(N0,),  and  complex 
riitritf"?  and  nitroM  derivatives  are  al>(i  known 
(Wintrebcrt,  l.c  ;  and  Compt.  rend.  1905,  140, 
585).  Osmium  also  forms  a  series  of  otmo- 
Cf/anirlr.<t  very  similar  to  the  ferrocyanidef*. 
Otmium  nxdJatea  have  bi>cn  promred  by  Wintre- 
faeri  {ibid.  1900,  131,  264).  Z.  K. 

OSMOSIS  p.  Solution. 
OSONES  V.  CaaBOHYoaaTis. 
OSTEOLITB.      Caleium  orthophosphaU, 


OTTO  OF  ROSES  v.  Oils,  essextut,. 

'  OUABAiO.  The  poison  of  the  Somalis. 
Alonf.'  tlie  w  liolf  of  tlie  west  coast  of  Africa, 
especially  in  the  country  of  the  Somalia,  occurs 
ft  tree  used  by  the  natives  for  the  preparation  of 
their  arrow-poison,  and  called  by  tlxetn  Oualia!  >. 
Its  wood  is  yellowish-white,  very  hard  and  dense, 
odourless,  but  possessing  a  strong  bitter  taste. 
Arnaud  has  isolated  from  it  f.J.  Soc.  Chem.  Ind. 
1889,  211  ;  1888,  586)  umbain,  CjoH^Ou, 
which  has  a  physiological  jiction  similar  to  that 
of  strojphanthin,  but  which  is  twice  aa  toxic, 
the  poisonous  dose  beinir  about  0*2  mgrm.  per 
kilo,  of  body-weight  fiT/iV.  18S<?,  7n,"i  i-  (  athe- 
lineau,  J.  Pharm.  Cheiu.  i»89,  436;  J.  Soc 
Chem.  Ind.  1 890.  101.  Ouabata  is  also  obtained 
from  Strophanihis  ghhrr,  hy  r-:^tr.'ictini?  tin- 
seeds,  from  which  the  oil  hu-^  hcen  removed  l»v 
pressure  Ijctwecn  filter  paper,  by  shaking  with 
alcohol  for  several  days  at  a  temperature  not 
exceeding  60*.  The  extract  is  distilled  and  the 
8vrup\  residue  i-<  );Llcen  up  with  water  at  50^ 
lUtereii.  evaporated  in  a  dry  vacuum  and  re- 
erj^lliRed  from  water  (Amaud,  Compt.  rend. 
188**.  107.  ljf;2). 

Tile  cryrttalrt  obtained  by  extraeling  Slro- 
pk€mih%»  gratuA  (  Baill.),  with'oO  p.c.  alcohol  also 
seem  identical  with  ouabain  (Thoma,  Chem. 
Zentr.  1904,  i,  1277). 

Onaliain  fi.rms  pearly  gli.stoning  plates,  m.p. 
ISS^-ISS",  and  yields  a  crystaliiuo  hydrate  with 
9  moleeulesof  water  atordinary  temperature,  with 
4moIeculesnt  HtP  xnd  with  rrni  .l    nlr^  it  (W\ 

The  rotatory  power  of  a  1  x).c.  acjucuUH  wiiu-  , 
lion  of  ouabain  is  ra]D~30>6^   Ouabain  is  very  i 


sparingly  soluble  in  ether,  absolute  aleoli.-I.  .itid 
m  chloroform  ;  100  c.c  of  water  dissolves  1-57 
irraniM  nai  ain  at  30*;  0*93  grams  ftt  I4»fp  and 
0-66  grama  at  8", 

It  is  readily  hydrolysed  by  dilute  acids  thus: 
C3oH„0,.+H,0-C,H„0,+C„H„0« 
forming  rhamnose  and  a  tcfl  resin  whirli  is 
probably  formed  by  the  p  Ivmerisation  of  the 
second  product  of  hydrolysis  (Arnaud,  Compt, 
I  rend.  1898, 126, 346, 1208). '  When  dried,  the  resin 
loses  4H,0  and  forms  C„H„0«.  Alkalis  do 
not  attack  ouabain  in  the  cold,  but  by  forming 
soluble  salts  they  increase  its  solubilitv  in  water 
and  its  rotatory  power:  fused  irtth 'potash  or 
soda,  ouabain  decomposes  at  220°-240  -  forming 
oxalic  acid,  a  resin  and  carbon  dioxide  (Amaud, 
l.c.  1280). 

\  With  bromine,  ouabain  gives  an  amorphous 
)  derivative  containing  60  p.c.  of  halogen. 

Heated  with  an  excess  of  acetic  anhydride 
I  at   .30'-70',    ouabain    forms   the  heptarrtin 
I  C„H„0,j(C,H,0)„  m.p.  270»-275'»  (Arnaud. 

I.e.  .349),  whilst  when  ouabain  is  heated  with 
J  acetic  anhydride  and  zinc  chloride  at  70"  and 
,  the  cooled  product  poured  into  5-6  times  its 
bulk  of  water,  it  forms  an  nnhitdro-h^paceiin , 
C,nH„0„(C,H,0)„     m.p.     310'  (decomp.), 
[oJd  -08-50  at  8.5°  (in  alcoholic  solution).  On 
j  saponification,  thia  acetin  yields  an  arirl  w  lii,  )i 
'  is  similar  to,  but  not  identical  with,  ouabalc  acid 
(Arnaud,  l.c.  1  ^."4 }. 

I  Concentrateti  nitric  acid  completely  oxidises 
i  ouabain  even  in  the  cold,  forming  oxalic  acid, 

carbon  dioxide  and  insoluble  amorphous  nitro 
derivativea    With  more  dilute  acid  (sp.gr.  1-2),. 
no  oxalic  acid  is  formed  and  insoluble  orystaUine 
nitro  derivatives  are  produced. 
'      The  di-nUro  derivative,  C„H,,(.\0,;,0^  ie 
formed  at  40°-75°  and  ci  \  st;dli8e8  from  acetone 
I  in  yellowish  silky  needles*  m.p,  300°  (decomp.). 
It  acts  as  a  dibaaio  aoid  and  yields  crj'Ktalline 
nalfs.    The  potassium  and  sodium  salts  form 
onuige-red  aqueous  solutions,  the  ammonium 
salt  crystallises  in  golden  yellow  needles.  Tho 
\motKmiiroderivaiitH:  C„H„(NO.)0,  is  n],t ained 
'  at  15**  or  below.    It  forma  yellow  iiuhvdrous 
.  rystals.  m.p.  280'  (decomp.)  and  also 'yields 
alkali  and  ammonium   salts.    TJieso  nitro- 
I  deriv»tiyes  are  regarded  as  derived  from  tho 
compound  r'.^Hj.O,  which  is  produced  by  the 
hydrolysis  of  the  ouabain  (Aniaud,  l.c.  1873). 
I      Ovabate  a«ifl  C,oH„0,,  is  obtained  bv 
heafincr  a  dilute  aqucouo  solufiim  of  ouabain  in 
a  tuiAlvd  tulw  at  180^,  or  Ix-tter,  by  heating  1  part 
of  crystalline  ouabain  with  3  parts  of  strontium 
hydroxide  in  10  part«  of  water  for  12  hours  :it 
100°.    The  hot  solution  is  saturated  with  carbon 
dioxide,   lijf  red,  concentrated  in  vaeuo  and 
ponred,  little  by  little,  into  10  times  its  volume  of 
absolnte  alcohol.    The  precipitated  strontium 
Halt  is  dissolved  in  water  and  decomi>osed  with 
Hulpluiric  acid;  it  is  then  iiitered,  and  the 
liquid  evaporated  m  eoecio.   It  is  an  amorphous, 
yellow-white  FTihsfnm  e,  m.p.  235°  ^dt  -  omj.. ), 
resembling  )ium  m  iipi)earance,  very  sujluble  in 
water  anfl  in  alcohol,  but  insoluble  in  ether.  It 
is  a  dibasic  acid  which  dec<»inp<>scs  the  alkali 
and  alkaline  earth  carbonates,  fofuiing  the 
corrcsiKmding  luetallie  sal(.s.    The  liarium  solt. 

:<>,,),  lias  laj^;'   40-40''  in  aqueous 
solution  {Aruuud,  l.c.  128U). 
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Acconlins:  tr.  Faust  {Chem.  Zrnfr.  lfK»2.  ii. 
1217).  OiCvcantherin.  isolated  from  Acukunthcru 
€by^»inira  (K.  Si  hum.),  is  homolocous  with 
ouabain.  beinF.  p<  >-.ibly,  the  dimethyl  deriTatiTe. 
For  the  phv«4>l<>ui<  U  and  thenp«utic  afftion  f>f 
ouabain  v.  ftatcher  and  Brody,  Amer.  J.  Pharm. 
82.  360 ;  MuIIer,  Zeit«ch.  Allgem.  Ott«ir.  Apoth. 
Vtr.  1908.  46,  319,  331. 

OUTRKMBS.    UUnmtmne  (q.v.) ;  ■bo  Pio- 

MMST8.  . 

ovAUA  8I0&,  ovAmmni,  ovaraden, 

OVADDI  »'.  S\TSTHETTc  T.r.rfis. 

OXAUO  ACID  C,U,04,  or  COOH 

I 

cooTr 

This  acid  occurs  aa  the  acid  potaaaium  iuUt 
in  wood<MRcl,  gaxden  rhubarb,  and  many  other 

pl  intf.  Ah  caU-iniii  oxaI;itc.  it  ocnirs  in  many 
iirh'  rij»  and  in  certain  urinary  calculi,  and  in  the 
free  Stat©  is  brand  in  Fomen  ( Volyj'onii)  vjninrius, 
in  beet  leaves,  and  in  the  jui*  <■  «if  f  he  i  lut  k  pea. 
It  is  one  of  the  constituenta  of  the  *  organic 
non-sugar '  in  the  saccharin©  products  from  beet- 
raot«»  and  to  about  2  p.c.  in '  aaturation  mud '  of 
refineriMu  It  w  alio  produced  in  the 
oxidatioti  I  if  ( .vrlK-lu  dratos  by  a  UttgO  numt>or  of 
bacilli  <Zouf,  J.  8oe.  Chem.  Ind.  1900,  3^6; 
Banning,  tbid.  1001,  1151);  and  also  by  the 
action  ni  maay  fungi  and  yeaata  (Lindner,  ibid. 
1907,  628). 

It  is  obtained  a«  an  alkaline  salt  when  an 
BUttline  formate  ia  gently  heated,  and  aa  the 
Hdt  when  an  aqueous  solution  of 

c  ViitK  7:111  is  kept  f'lr  SMiiie  time.  The  soditini  wilt 
is  produced  by  paasing  carbon  dioxide  over 
aodnnm  heated  to  tfHtf.  The  free  acid  m  one  of 
the  principal  productH  of  the  a'^tion  of  nitric 
acid  and  other  oxidising  agents  on  organic 


Prtfaration. — ^Moissan  has  eyntheeised  potas- 
Btnm  oxalate  by  the  direct  union'  of  earbon 

dioxidt-  iiiui  potas-siuni  liydn>xide  atW^-JOO*  in 
aooordance  with  the  equation — 

2K0H + 2C0, = K,CjO« + H  , 
(Compt.  rend.  140,  1209).  In  the  laboratory, 
oxalic  acid  ma;^  be  obtained  by  gradually  adding 
8  parts  of  nitric  acid  of  sp.gr.  1-38  to  1  part  of 
white  .siisjnr  or  stiin  h,  heating  the  mixture  to 
boiling,  and  OTaporating  to  about  ono'sixth  the 
odgiiwl  balk.  The  eryttab  obtained  on  cooling 
arr-  n-':  rystallised.  If  stronger  acid  be  uflcd  the 
action     liable  to  become  unmanageable. 

proceas  was  formerly  emj^oyed  on  the 
manufacturing  Hcalo  but  has  Bince  been  super 
seded  by  other  proceneea;  although  possibly 
the  discovery  N  uimarm.  Moewer,  and  Linden- 
bMUD  (D.  PP.  183022,208999)  that  vanadium 
pentoxide  to  the  extent  of  O-OOl  to  gram 
per  gram  of  .miir^r  m-atly  fafilitatoK  f  ho  rr-artion, 
may  give  it  a  lu-n  W^&a  uf  life.  By  thi8  ineani^, 
the  reaction  proceeds  at  the  ordinary  tempcra- 
tnrn,  higher  yields  of  oxalic  iil  are  obtained, 
and  tio  intermediate  producUi  ic»>uit. 

The  first  procew*  to  replace  it  was  the  well- 
known  one  in  which  sawdust  ia  heated  with 
cansMe  afkalis.  Starchy  straw,  bran,  and  other 
vc';:<  taliIo  iri.'itterH  iiiiiy  sitiiil.jriy  treated,  but 
the  l>e»t  rossuite  are  obtained  with  sawduKtj  fir, 
pine,  poplar,  and  other  soft  w«k»<Ik.  giving  i»i'tt«T 
r«  (nan  hard  woods-,  snrh  ass  i>.d.  und  boe<  h. 
in  order  to  obtain  a  iiiier  product,  the  nawdust 


la  Romr'timea  treated  with  an  nlk.ilinf  iye  to 
remove  resinous  and  like  boditi*  btfoic  fusion. 

This  process  has  received  manv  modifications, 
the  chief  one  being  the  addition  ol  some  oxidising 
agent.  An  improvement  is  patented  by  Plater- 
Syl.« TL'  (Eng.  Pat.  23^82,  IS93).  The  material 
rich  in  carbohydrates,  eapociidiy  wood  and  moss, 
is  impregnated  with  caustic  alkalis  and  then 
heated  in  prrsonop  of  nn  oxidising  agent.  Hot 
air,  or  a  mixture  of  .steam  and  hot  air,  nmy 
conveniently  1)f  used  as  the  oxidising  agent. 
Acetates  and  oxalates  are  formed,  the  relative 
proportion  of  each  depending  on  the  temperature 
einployrri.  I5y  workini:  at  about  120  ,  acctic 
acid  and  a  very  small  Quantity  of  oxalic  acid  are 
formed.  On  Tuisrng  tne  tempemture  to  about 
300^  and  inrrcasinp  tho  quantity  of  hot  air,  the 
formation  of  acetic  acid  almost  entirely  ceases, 
whilst  oxalic  acid  it  formed^  in  large  quantity. 
Pulp  suitable  fm  p»per  making  is  obtamed  as  n 
by-pro<luct. 

A  mo<Hfl(  atioii  of  Platet  <  rg  '*  process  w 
that  of  Zachor  (Eng.  Pat.  2308,  1897),  in  which 
the  oxidising  matwisl  is  sodium  peroxide  or 
hydrr»)/f  n  peroxide  and  the  hentinp  is  cnrned 
out  in  a  vacuum.  Sawdust  or  other  cellulose 
inat<  rial  w  placed  in  a  Bteam-jaoketed  tcsmI 
whicli  is  exhausted.  The  contents  are  then 
slowly  rained  tu  about  70°  to  deprive  the  saw- 
dust of  moisture  and  air.  Hot  alkali  lye  is  then 
admitted  with  continued  stirring  and  tho 
vacuum  kept  oonstant  until  n  t«nperature  not 
exceeding'  180"  i.s  reached.  Towwda  the  end 
of  the  procewi,  an  oxidi.sinc;  apent  such  as  sodium 
peroxide,  hydro^'en  {K'ro.xide,  or  air  enriched 
with  pxygrn  is  admitted.  The  finished  product 
is  dinsolvod  iu  water  ia  the  sarue  vewel,  and  the 
solution  forced  into  an  open  stirring  cylinder,  in 
which  it  is  thinned  and  treated  with  lime.  The 
calcium  oxalate  obtained,  practically  free  from 
Ciirlx'tiate,  is  deiomposed  by  sulj>hurie  jieid.  Tt 
is  stilted  tiiat  a  good  white  oxalic  acid  is  produced 
bv  t)iis  process  with  one  reetystalliaation  (v. 
also  3>.  K.  P,  103856). 

Another  method  is  to  oxidise  the  ccUulosc- 
containing  materials,  in  solution  of  caustic  aodn 
or  potash  of  sp.gr.  1-04  to  1*1,  with  perman* 
ganates  or  manganates.  The  yields  are  better 
than  those  <.litained  by  heating  vitli  ( austic 
potash  alone  and  a  much  lower  temperature  is 
required  (Droste,  D.  R.  P.  1096S3). 

Oxalates  are  also  produced  tnprther  Mifh 
other  products  by  t  In-  prt>ce88  of  Crost*  and  Young 
(En^.  Pat.  28077,  1!«I2).  A  nitrate  or  mixture 
of  nitrates  is  mixed  with  a  carbohydrate  of  the 
Hugar  type,  an  aJkuli  or  alkaline  earth,  and  a 
little  water,  and  the  mans  is  gradually  heated^ — 
ultimately  to  i60°-170°.  The  main  products 
in  this  case  are  cyanide  and  oxalate.  The 
addition  of  iron  to  tho  mixture  produecu  an 
excess  of  cyanide,  and  tho  addition  of  sulphur, 
or  a  sulphur  compound,  a  tUocyanate.  Am- 
monia in  evolved  during  the  procctk*. 

A  proei'SM  for  the  preparation  of  oxalic 
acid  and  cellulose  (Lifscnutz,  Kng.  Pat.  1H24, 
1891)  consists  in  treating  wood.  Jute,  straw, 
and  similar  materials  with  »  mixture  of 
dilute  iiitrir  an  l  siilphuric  acids.  The  brown 
va|)our.H  evolved,  consisting  of  HQ,  JiO,  and 
N^Oj,  are  reconverted  into  nitric  acid.  The 
aeid  lii|ui<l  is  used  for  nthf-  r.prratiniis.  (lie 
tcm|»craturc  being  gradually  iti<re;ii>td  as  tht; 
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nitric  aoid  beoomes  exhausted.  When  tlii« 
oeoun  the  oxalio  aoid  is  eiTstallised  mtt  by 

cooling.  The  li^rneous  material  after  the  action 
of  the  nitric  auid  is  converted  into  cellulose  by 
tteatment  with  a  weak  alkaline  solution. 

A  complotelv  ililTcrent  methof!  iy  that  of 
Ouldschmidt  (Eng.  Pat.  2tll72.  IS'M).  Sodinin 
formate  is  prepared  by  the  patentee's  method 
oi  heating  sodium  carbonate  under  pressure  in 
a  current  of  carbon  monoxide  (Eng.  Plit.' 
17066,  1895)  I  fiarfs  .,f  ( rysfallised  sodiura 
formate  are  fcheii  mtin»ately  mixed  with  5  parts 
of  anll^rdrotts  Hodium  carbonate  and  rapidly 
heatod  m  a  molten  lead  bath  at  4r)0  410 '.  Air 
id  preferably  excluded  and  the  hydrogen  evolved 
is  collected.  The  reaction  presumablv  follows 
the  equation  2HQOONa=(COONa),+k2.  The 
sodium  carbonate  is  sulwiequently  dissolved  out 
with  water  at  33^.  lea  vine  sodium  oxalate. 

An  improvement  on  (Joldschraidt's  method 
is  patented  by  Wiens  who  h€«t^  formates  with 
proviouslv  produced  oxalates,  in  place  of  sodium 
carbonate,  at  :Jl»U  -410"  {U.  S.  Pat.  714347, 
1902).  Koepp  and  Co.  heat  the  formates  with 
small  quantities  (loss  than  5  p.c.)  of  alkali 
hydroxide.  The  mixture  rapidly  melts,  hydro- 
gen is  eviijved  at  alnjut  21M.I  and  the  reaetion  i.n 
complete  at  360°,  uvcupying  about  half  an  hout 
in  aD  (FV.  Pat.  331498.  im,  U.  8.  Pat.  74879l« 
1904  :  En-.  Pat.  9327.  inCtS). 
^  Feldkainp  (U.S.  Pat.  802980,  1905) simplifies 
Wihe  sodium  formate  method  of  maaufacturinG; 
•  oxalates  by  heating  caustic  soda  in  a  current  of 
carbon  monoxide  and  dioxide  (water  gas  or 
produeer  ga.s ).  I'he  resulting  mixture  of  sixlium 
formate  and  carbonate  is  afterwards  heated  to 
a  higiier  temperature  until  the  eTolvtion  of 
hydrogen  ceases,  and  a  mixture  of  oxalate  and 
carbonate  is  pruducsed.  The  caustic  alkali  ii* 
then  cegenerated  by  the  additian  of  slakf-d  lime 
and  precipitated  ralHum  carbonate  and  oxalate 
deuon«pose.I  by  sul])huric  acid  (v.  also  Fr.  Pat. 
35878.5,  1905,  and  Eng.  Pat.  22225,  1905). 

The  Electtoohemische  VVerke  of  Bitterfcld 
And  that  oxalatea  are  spoodily  and  evenly  pro- 
diieed  from  formates  hy  luatini:  in  a  partial 
vacuum  to  a  temperature  below  300",  preferably 
about  280'^  Processes  necessitating  heating 
with  sodium  earhonato  or  oxalate  are  improved 
by  working  in  a  vacuum,  but  the  best  results 
are  obtained  bv  heating  the  formate  alone  (Eng. 
Pat.  19943,  1907;  Pat.  381246,  1907; 
B.  R.  P.  204895). 

Materials  eontaitiin.:  < dlulo.'.c.  such  as  peat, 
vinasses,  sawdust,  can  l>e  made  to  yield  oxalic 
ncid  by  treatment  with  caustio  soda  or  potu.vh 
in  the  presence  of  lime,  nitrates,  mrtMnie  oxides, 
and  air  between  170"- 1 90'  (KtTiunt,  Fr.  Pat. 
373157,  1906). 

Uempel's  prooess  oonsisU  in  heating  caustic 
soda  and  carbonate  of  soda  or  analogous  .sub- 
sUinei  s  with  (  arhon  monoxide  undi  r  pressure. 
At  200  -3»K>  ,  iormat'CS  arc  pruKluced,  and  at 
higher  tem|)vratures  uj)  to  420°,  oxalates. 
Oxalates  ,ire  al>o  produced  by  heatinir  formates 
with  or  without  the  addition  ol  ijulitlereiit  sub- 
stamJCH  at  200^-420^  under  pressure  (Fr.  Pat. 
389039.  1908;  Eng.  Pat.  3429,  1908;  4897, 
1908  ;  3904,  ItKiK). 

Oxalie  .a'  id  i-  usually  obtained  from  the 
axalatcs  resulting  from  these  pnK.-uMsei»  by  dis- 
solving  them  in  water  and  precipitating  as 


calcium  oxalate,  which  is  filtered  off,  washed, 
Md  deoompoaed  with  sulphnrio  acid.  The 

solution  i.s  then  filtered,  evaporated,  and  iUlowcd 
to  crystallise.  Other  methods  are  ui§<ecl  to  some 
extent.  MeDougall  and  McDougall  obtain 
oxalic  aeid  hy  (ir.st  preparing  the  potassium  salt, 
adding  a  j>uitabk»  sulphate  (e.g.  aluminium  sul- 
phate), and  sulphuric  acid,  and  separating  the 
resulting  alum  by  orystallisatioD.  adding  alcohol 
if  necessary  (Eng.  Pat.  17971,  1907), 

.\nother  method  is  to  add  hydrofluoric  at^id, 
which  precipitates  the  alum  as  artificial  cryolite, 
Na,AlF,  (G.  Mfith,  D.  R.  P.  214040).  The 
cnide  at  if!  is  usually  somewhat  dirty  from  ad- 
herent mother-liquor,  it  is  separated  there- 
from by  •  ISmtcinigal  cleanser,  washed  with  a 
minimum  qnantily  of  cold  water,  apd  re- 
cry  stall  ised. 

The  a<  ill  cannot  be  purified  from  oxalates  by 
ordinary  recr^'st^llisation,  but  requirca  to  bie 
crystallised  from  hydrochloric  aoia  of  10  to  16 
p.c.,  \vhi(>h  retains  the  ba»e.s  as  chlorides.  A 
second  cry.stallisation  removes  the  acid.  The 
pure  acid  may  also  be  prepared  b^  sublimatitm 
as  described  below,  or  by  deoompoomg  the  methyl 
or  ethyl  ester  with  water. 

Fur  the  pre]iaration  of  pure  oxalic  .k  i<l, 
ijchmatoJia  recommends  crystallisation  from 
absdute  alcohol  containing  a  drop  or  two  of 
.sulphuric  aciti,  followed  by  crystalli.iation  from 
water,  the  Huiutiuii  being  allowed  to  stand  for 
several  hours  in  both  cases.  The  oryatals  axe 
then  drieil  at  30^^-40°,  and  finallv  over  calcium 
chloride  (J.  Soc.  Chem.  Ind.  1901,'49«).  Riechel- 
mann  prefer**  to  crystalli.se  once  from  ether  and 
once  from  water  (Chem.  Soc  Abstr.  1898,  i. 
239). 

Piape.riics. — Oxalio  acid  crystallises  in  larpt 
transparent  monoclinic  prisms  of  sp.gr.  1  -04 1  at 
4°  (Joule  and  Playfair),  containing  tnro  mokeul* 

of  water. 

In  an  atmosphere  dried  by  sulphuric  acid,  it 
gradually  loses  its  water.  The  water  is  also 
gradually  evolved  and  the  crystals  become 
opaque  when  heated  at  60*  or  70*.  As  tlie 
crystals  melt  in  their  wat-er  of  crystallisation  at 
98'*,  and  are  then  somewhat  diftieiilt  to  desic* 
•  ate,  it  is  advisable  to  dry  the  crystals  at  the 
lower  teraperaturos.  Saturated  solutions  <  if  oxa- 
lic acid  lose  aeid  even  on  the  water-balli.  The 
anhydrous  acid  (dried  as  above)  may  bo  vola- 
tilised at  157%  and  be  thus  obtained  in  pure 
white  needles.  Tho  temperature  should  not  be 
allowed  to  exceed  157'^,  as  consifh  ial>le  decom- 
position ensues  and  an  inferior  j)ri'duet  is  ob- 
tained at  IW. 

When  oxalic  acid  is  diHs<»lved  y\  12  parts  of 
v\arui  c<mcentrated  sulphuric  acid,  the  solu- 
tion gradually  deposits  glistening  rhonibic  pyra- 
mids of  the  anhydrous  acid,  which  rapidly 
absorb  two  molecules  of  water  and  fall  to 
powder. 

Oxalie  acid  dihouiveii  readily  in  water  and  in 
2J  parts  of  cold  alcohol.  It  is  also  slightly 
soluble  in  ether,  but  is  ins4>luble  in  cillorouinn, 
iK-nzene,  and  petr(»leum  spirit. 

The  foUowiiig  table  gives  the  solubility  of 
oxalic  acid  in  water  as  averaged  by  Seidell  from 
the  rpstilts  of  Alluard ;  Miczynski  (Monatah. 
iHJSii.  7,  25S):  Henry  (<'ninpt.  rend.  !l1t.  1157); 
Lamuuroux  {il*id,  128, 998) ;  and,  at  2o  ,  of  Footc 
and  Andrew  (Amer.  Cheu.  J.  190S,  161) : — 
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Onni.(COOH)2 
P«rl00fnii8. 


tirmit.(COUU)2 
pet  100  fitn*. 


*» 
0 
10 
20 
U 


H.O 
3-45 
.">••">/) 
8-78 
11-36 
13-77 


SoIuUoD 
3-33 
5-26 
8-07 
10*21 


40 
60 
60 
70 


H,0 
21-15 
31-53 
45-66 
03-88 


Solatlon 
17-46 
23-97 
31-37 
38-96 


Oxalic  acid  ia  »  powerful  reducing  agent. 
Tbe  aqueous  Klirtioii  M  ozidiwd  at  the  ordinary 

tpmperature  in  presence  of  percxides  of  lead  uml 
manganese.  It  precipitatei*  ^old  from  mjIu- 
tkm  of  the  chloride,  and,  in  8unlight«  similarly 
reduces  platinum  chloride.  In  presence  of  sul* 
phuric  acid  it  is  oxidised  by  potasMum  perman- 
giiiiatc  with  prtKlm  tion  uf  carlxin  dioxide  and 
mao^uiieae  and  potowiuxii  siil])hat^  Oxalic 
add  is  not  acted  on  by  suiphurie  aeid  at  the 
ordinary  temperature,  but  when  heated  with  the 
titmtig  acid  it  is  decomposed  into  carbon  mon- 
oxide and  dioxide  without  darkening  the  acid. 
Phosphoric  acid  and  pliosphorus  pentn-  nnd  tri- 
chloride aim  cause  the  c-viJiition  of  the^;  gases. 
Chlorine  is  without  action  on  the  anhydrous 
•cid,  bat  in  preaenoe  of  water  it  is  rediioed  to 
hydroeUorto  acid  with  evofaitloii  of  carbon 
dloride.  Hy]H)cWorites  and  <  lildridi-s  i  f  cusily 
reducible  iuct«iL»,  such  a«  gold  and  ])liitinijrn, 
have  a  similar  action;  bfomine  wati-i  aluwly 
oxidises  oxalic  aoid  to  carbon  dioxide  and 
hydrobromic  acid. 

When  exposed  to  bright  light,  oxalic  acid 
•Qhitaoas  are  deoompoeed,  ^gMidimt  carbon 
dioxide  and  water  (Boons  and  fffunt.  Proc.  Roy. 
Soc.  28,  209);  by  uxidatiuii  with  nitri(  acid  of 
sp.gr.  1-4  and  upwards,  oxalic  acid  is  com- 
plotely  decomposed  into  these  products.  Ac- 
cording to  Ricnardson  ( Chi- in.  Soc.  Trans.  1894, 
452),  hydrogen  peroxide  acts  similarly  {cf. 
however,  Joriiwen  and  Reichler,  Chem.  Zentr. 
1904,  i.  81) :  the  reaction  is  greatly  accelerated 
by  metals  (O.  Snlc.  ibid.  1899,  i.  USD).  Certain 
substances  have  the  pruju-rty  nf  iiihiliitinu  the 
decomposifcion  of  oxalic  acid  solutions.  Tlu  mol 
was  first  noonmeiided  by  Oerland  (J.  Soc.  Gneni. 
Ind-  1891,  25),  and  >\n  examination  <.f  a  nnmhrr 
of  substances  has  been  made  by  'lonssen  and 
Bffchler  (CSicm.  Zentr.  1904,  i.'369).  Oxalic 
acid  is  rednoed  by  naseent  hydrogen  to  glycoUic 
acid. 

Solutions  of  oxahc  acid  decompose  carbonates, 
phosphates^  chromate^  4tc.,  and  even  Huompar. 
When  heated  with  sodhini  or  calcium  chloride, 

thf  p  '.V  N  n-d  u  id  liberates  hydrochloric  acid. 
PotasMiiini  and  mxiium,  when  heated  with  the 
dry  ivjid,  cau<ie  an  evolution  of  hydrogen  with 
production  of  a  carbonate,  the  temperature  rising 
to  incandescence. 

\\  hen  heat«d  with  glycerol  between  70°  and 
80%  oxalic  acid  is  converted  into  iormio  acid 
with  eiwilvtion  of  carbon  droxide. 

Thf  ( oninien  iid  a(  i<l  and  alkaline  oxalates 
frequently  contain  organic  matters  which  cause 
sliArring  whea  heated  alone  or  with  sulphuric 
Acid.    HnlphafPM  are  usuaDy  present,  and  had 
and  other  heavy  metals  frequently  occur.  Alien 
found  as  much  as  6*3  p.^  of  lead  oxide  in  a 
nple  of  the  aoid. 

Oxalic  acid  is  largely  used  as  a  *  discharge ' 
in  calico- printing  nn«T  dyeing,  and  for  bleaching 
\JUx  and  straw.     In  dyeing  it  is  used  as  a 
Whetitnte  foroream  of  taitar,  on  account  ol  its 


chcapnciss.  In  the  process  of  *  chroming  '  wool, 
itH  utility  lies  in  in*  power  of  forming  double 
salts  and  in  it~  ii-<!ucini;  prujH-rtioe  (Kurncr,  J. 
Soc.  (.liem.  ind.  1S!)5,  1U14).  Its  pru|KTty  of 
acceicrating  the  action  of  ciiromic  acid  on  indigo 
is  probfthly  doe  to  the  iormation  of  »  chromium 
compound  of  oxalic  add  with  fltmng  oxidising 
j)rop«Ttics  (Prud'hoMUiic,  ibid.  HlO;?.  UoH.  41U  : 
p.  altKj  Ocorgevics,  tbtU.  947).  The  function  of 
oxalic  acid  in  the  indigo  diaoltarge  process  has 
also  Ixcn  -studied  by  Mullenis  and  Margulics 
[ibid.  I  S!i;<,  7;")8; ;  Scha|X)schnikotI  and  Miciurefi 
{ibid.  1276);  and  Jorissen  and  Reicher 

{ibid.  1903,  023).  Werner  (Chem.  Soc.  Trans. 
1904,  1388)  finds  that  by  the  action  of  chromic 
acid  on  oxalic  acid,  ati  acid  i  hromic  oxalate, 
H«Cr,(Ca04),,  is  produced,  and  his  results  are 
confirmra  by  Jorissen  and  Reicher  (Chenu 
Zentr.  1904,  i.  81).  It  ih  nUo  oniploycd  for 
whitening  leather,  for  making  fuuuic  acid  and 
its  e^terv,  and  for  removing  ink  or  iron  stains 
from  fabrics,  marble,  &c.  A  solution  of 
Prussian  blue  in  oxalic  acid  is  employed  as  a 
blue  ink.  Oxalic  acid  forms  a  constituent  of 
several  d^es.  Georgevics  has  prepared  a  dye- 
stuff  which  b  ydiow  in  colour,  by  beating 
resoreinol  with  oxiUic  acid  at  160^  (J.  Sor.  Clu  m. 
Ind.  1898,  837).  It  has  great  cleansing  power 
for  brass  and  other  metal,  and  even  for  wood- 
work, and  forms  a  constittirnt  of  at  least  one 
soap  composition  for  cleaning  metals,  &c. 

IktfCtion  and  EHtimtttion. — Solutions  of  cal* 
cium  salts,  even  of  the  sulphate^  give  precipitates 
of  calcium  oxalate,  on  addition  to  solutions  of 
oxalates,  soluMc  in  mineral  a<  ids  but  not  in 
acetic  acid.  Free  <»xulic  a<-id  is  precipitated  by 
lime  water  and  calcium  acetate,  out  it  is  better 
to  render  the  solution  alkaline  hy  ammonia  and 
acidify  with  acetic  atul  lieftuo  testing.  Pure 
oxalic  acid  and  oxalates  do  not  char  when  heate<l 
alone  or  with  concentrated  sulphuric  acid.  It 
decolorises  permanganate  on  warming.  Silver 
nitrate  produces  with  neutral  solutions  a  wliite 
crystalline  precipitate  of  silver  oxalate  which  is 
very  explosive  when  dry. 

For  estimatinL'  this  .icid,  the  hot  dilute  solu- 
tion, free  from  niintial  ac-idii.  or  neutralised  with 
ammonia  and  then  acidified  with  acetic  acid* 
is  precipitated  with  calcium  chloride  or  acetate, 
or,  when  sulphates  are  present,  with  calcium 
sulphate.  For  the  estimation  in  presence  of 
interfering  substances,  reference  must  be  mode 
to  standard  works  on  analysis.  After  standing 
for  12  hours,  the  prrcipitote  is  filtered  off  and 
dried,  and  is  ignited  at  a  dull,  scarcely  visible 
red  heat  to  convert  it  into  carbonate.  A  little 
saturated  .s<jlution  of  amuioniuni  «  arbonatc  is 
then  added  to  reconvert  into  caiUaijite  any  of 
the  substance  which  may  have  Iwcome  cau.«*ti- 
cised,  and  the  mass  is  dried  and  heated  sufli- 
ciently  to  remove  the  whole  of  the  ammonium 
salt.  When  the  yircripifafc  does  not  exrecil  a 
Kram,  it  is  pr«'feral)ly  ignited  at  a  bright>rod 
hcut  over  the  blow  -pipe  and  weighed  as  oxide. 
The  i^znited  pre*  ipitate  may  alw  lie  titrated 
with  standard  ucid. 

Another  excellent  methoii  conMisfs  in  dissolv- 
ing the  moist  precipitate  in  dilute  sulphuric  ucid 
and  titrating  with  dccinornial  }xTn,an^wiate. 

Thi.s  periuuugaiiate  method  \n  applicable 
directly  to  tlte  original  substance,  provided  other 
oxidisable  substances  are  Absent. 
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Another  alternative  ia  to  add  dilute  sul* 
|ilimK-  juid  to  the  precipitate  in  thv  cruciliJc  in 
ftu^cicat  quantity  to  convert  it  into  calciiuu 
■Qlphate,  and  •UMeqiu  iitly  to  ignite  and  weigh 
as  oalcinra  aulphate. 

Hydrochloric  ucid  in  generally  held  to  inter- 
fere with  the  volumetric  estimation  of  oxalic 
acid,  but  according  to  Raxtor  und  Zunotti  (Amer. 
Cliem.  J.  \'M)5,  diXJ)  oxalic  tuid  may  bo  euti- 
mated  in  tho  preHcncc  lA  hydrochloric  acid  with 
aoouraov  by  titration  witk  pennaoganate  ii 
the  initial  temperetore  of  tittation  ia  not  bdow 
70"  and  till'  permanganate  is  run  in  slowly.  The 
concentration  of  the  hydrochloric  acid  should 
not  esroeed  20  c.c.  dilute  aoid  (ep.gr.  1  -04)  to 
150  C.C.  oxilic  solution,  containing  not  nu;rc 
than  0-3  gram  crystallised  uxidiu  «u;id.  iiovch 
and  Peters  recommend  the  addition  of  a  man- 
noeae  aait  (Zdtach.  aaoig.  Chem.  21,  J  85). 
OxaUo  add  is  ooottaionally  an  impurity  in  hydro- 
gen jKToxide  in  which  it  may  )»•'  detected  and 
estimated,  by  nearly  ncutrali.'sing,  adding  am- 
moniniB  acetate  and  8ul).Hequently  calcium 
acetate,  and  treating  the  calcium  oxalate  by 
any  of  the  weii-kuown  methods  (Roche,  J.  Soc. 
Chem.  Ind.  1902,  190).  Oxalic  acid  may  be 
entimated  in  acid  beet  leaves  by  the  method  of 
Schldeing  (Biilow,  ibid.  IfWO,  883).  The 
raethodn  uf  dutrrniination  ia  difTiision  sugar 
juice  are  reviewed  by  Aodrelik  and  btanik  {ibid. 
1900,  178). 

OXALATBB. 

This  extensive  scries  of  salts  includes  both 
normal,  a  ad,  and  double  oxalates,  and  a  vlnf  a 
of  acid  salts  known  as  quadroxalates,  and  ap- 
parently produced  by  the  combination  of  one 
ittolecuie  of  ozalio  aoid  with  one  molecule  of 
an  aeid  oxalate.  All  ozalatee  deoompoee  on 
heating,  the  alkaline  sjilts  fonidii-.:  carhnnnte^. 
Only  a  limited  number  uf  oxttlaR*:^  are  of  ti'chiit- 
oal  unportanoe. 

Potassium  oxalate  r^OjK.i.2HjO  i  ryst  illises 
in  monoclinic  prismisi  or  pyrauudi>,  readily  s  jlui)lo 
in  water.  The  acid  scUt  CjO^HK  is  }ound  in 
rhubarb,  sorrel,  and  other  plants.  It  occurs 
either  in  anhydroxis,  monodinio  prisms,  or  in 
tri<lini(!  cry.'^tals  ciintaining  one  nn.lt'cule  of 
water.  The  aoid  salt,  which  is  much  less  soluble 
than  the  normal  salt,  forms  with  oxalic  acid 
pr>ta%nnm  qiutdroxalatc  C  .Ci ^K]\ <'/} ill  .,:2H ^O, 
whicii  forms  triclinic  orystald  aulublc  in  2U  parts 
of  water  at  20*. 

Both  these  add  salts  are  sold  aa  '  salts  of 
sorrel '  or  *  salts  of  lemon,*  and  are  «8ed  for  re- 
moving ink  stains,  itc,  and  also  for  HCourinur 
metals,  cleansing  wood,  &c.,  for  which  they  are 
at  least  as  suitable  as  the  free  acid. 

The  normal  ^nlt  inny  ho  prepfirpd  ))V  ncu- 
tralit«ing  the  acid  wit  h  potash  or  potajinmin  car- 
bonate. Tlie  aeid  salt  may  be  made  by  halving 
a  solution  of  the  acid,  neutralising  one  part,  and 
adding  the  other.  The  quadroxalate  is  simUarly 
prejiared  by  neutralising  one  f"inih  of  the  sr)lu- 
tion  and  adding  the  remainder,  or  by  adding  75 
parte  of  potassium  cidoride  to  302  partH  of  oxalic 
aeid,  lioth  in  situratod  solution.  Potassium 
oxalate  in  i  iii|>li-ycd  ia  the  hot  bath  xised  in  the 
platinoty{>«-  iirocess,  and  is  al-so  used  in  other 
phrit'  '/r"i|  hj.-  M|,erali<.nM  (f.   PHOTOORAFHIf ). 

Sodium  oxalate  (  ,^4^^^!  <^<^urs  in  various 
plants  growing  in  salt'raarsliM.  It  and  the  acid 


salt  are  prepared  similarly  to  the  potanmum  com- 
pounds. No  ([uadroxalat«  has  yet  l>een  pre- 
pared. Xtte  normal  salt  requires  about  36  parts 
ol  oold  water  for  solution.   It  separates  from 

hot  soIutioTi-  ill  fi'u"  glistening  net-dles  or  as  a 
crystalline  X)o\vder.  liic  acid  salt  is  still  less 
soluble-. 

Ammonium  oxalate  C20t(NH«),2H,0  occurs 
in  Peruvian  guanu.  It  crystallises  in  long  rhom- 
bic prisms  readily  soluble  in  water.  The  acid 
salt  is  less  aoiuhle,  crystallises  in  rhombic  prisms 
and  ^ves  a  quadroxalate  isoniOTplioiia  with  that 
i)f  })()ta^is!urn.  These  sal  ts  are  prepared  simjlady 
tu  the  potassium  salts. 

Calcium  oxalate  C\{}tCA  is  widely  distriimted 
m  the  vi'getalile  kingdom  and  is  the  least  Miluble 
of  the  calcium  salts.  It  occurs  iii  rhubarb 
and  other  plants,  frequently  in  aggregations  of 
needle>like  crystals.  In  larger  proportions  it 
ooours  in  many  liohens  which  grow  on  limestone, 
and  in  certain  urinary  calculi.  It  is  preeipitatod 
as  a  powder  containing  one  molecule  of  wat^r, 
by  addition  of  a  calMlim  salt  to  an  oxalate. 
When  heated  to  180°  it  !>ernmes  anhydrous,  but 
it  reabsorbs  water  when  exposed  to  the  air.  Tlie 
acid  salt  has  not  been  ^prepared. 

Barium  and  sfronftitm  oaealaU*  resemble  the 
calcium  salts,  but  are  somendiat  soluble  in  water. 
The  neutral  ntagnesiutu  oxal'itf,  and  douMo 
oxalates  of  magnesium  with  potassium  and. 
ammonium  but  not  with  sodium,  are  known. 
The  acid  magnesiuro  oxalate  has  not  been 
prepared. 

Ferrous  oxalate  occurs  in  lignite  combined 
with  l^HfO  m  oxalite  ot  Humboldt  inc.  It  may 
be  prepared  as  a  heavy  yellow,  nearly  tast«less 
powder,  aliiinst  insoluble  in  cold,  and  sparingly 
soluble  in  hot  wator.  by  mixture  ferrous  aui- 
phate  with  oxalio  acid  or  an  oxalate ;  or  in  fine 
lemon-cnloitrerl  crystals  by  exposnrp  of  a  solu- 
tion of  hydruuH  ferric  oxide  in  oxalic  iu  id.  It 
is  also  slowly  deposited  from  a  solution  of  iron 
in  oxalic  acid.  The  artiKcial  variety  contains 
2H,0.    An  acid  oxalate  appears  to  exist. 

Ferrous  oxalat<i  is  omplovcd  as  a  developer 
in  photography.  The  solution  used  is  obtained 
by  adding  ferrous  sulphiite  solntion  to  excess  of 
potassium  rixjilate.  The  ferrous  oxalate  cxisita 
in  the  resulting  brown  solution  as  a  duul^le 
ferrous  potassium  oxalate  K,Fe(Cj|0«)t,2H,0. 
When  heated  it  is  converted  into  a  very  finely 
di\idfd  oxid*'.  admirable  as  a  rouge  for  optical 
purj  . 

Ferric  oxaUta,  The  normal  salt  is  slowly 
depouted  as  a  ydlow  precipitate  on  mixing  a 

nitrni  ii  oxalate  wth  ferric  cidoride,  or  on  treat- 
ing frcfihly  piecipitiiled  ferric  hydroxide  with  a 
quantity'  of  oxalic  a<-id  insuftieicnt  to  dissolve 
tne  whole.  The  sr)lution  in  oxalic  acid  gradual!}' 
deprisits  ferrous  oxalate  on  exposure  to  the  light. 
Daulile  salts  with  the  alkalis  are  obtained  by 
solution  of  ferric  hydroxide  in  acid  aikaiine 
oxalates.  These  are  considerably  used  in 
photography  in  the  preparation  of  platiniini 
printing  papers.    Sodio-fcrric  oxalate 

Na,Fe(C,04)3,4JH,0 
forms  Iar?»*  green  crystals.    The  fernV  am 
rnonium  oxalate  is  sometimes  used  instead  of 
the  double  ( itrate  for  producing  blue  prints  in 
photography. 

Antimony  oxalates.  The  appUi^tion  of  anti- 
mony oxalate  and  the  double  oxalates  with 
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the  iJkuiiiic  lucUk  in  lalicu-priuliiig  him  been 
aoUid  UQclcT  articlo  j\.N'ii>ioNy,  vol.  i.  The 
Boniwl  aait  tib.Oc</«0a2iisO  ii»  obtwuahlo  by 
boOing  ftntimonious  chloride  or  ozychloride  in 
<'A.iiic  acid,  or  by  mixing'  <v  tiaturated  bnhitinn 
ot  oxalic  mid  with  »  h^urocMuric  acid  fioiuUon 
ol  the  tiricliloBde.  It  ctTsteUiaM  ont  tm  *  gnmn- 
lar  piwipitatt?.  The  .intimony  potassium  oxalate 
ISbK.,\C)O4)t,0ii,U  in  obtamud  in  monoclinic 
CQ-htuU  from  &  solutica  of  aniimonic  acid  in 
acid  potasiiium  oxalate.  It  ia  used  an  u  mordant 
in  tlyeing.  The  sodium  salt  SbNa4(CiU4)4,10H,0 
ia  similarly  prtiiM  tMl. 

Certum  oxalate  OtJfi^OJ^imiO  is  &  white, 
slightly  granular,  inaolvtole  powder,  permanent 
iii  tlir  air,  odourkf^s  and  ta.itelcfld.  it  may  be 
prepcUixi  by  this  acliuu  ol  oxalic  acid  .S(  >iuUuu  an 
cerouA  oxiac,  or  by  addition  of  oxalic  acid  to  a 
soluble  cerium  salt.  (Vritim  oxalate  has  medi- 
cinal properties  rtatiuibling  tliuse  of  bismuth 
Hubmtrate,  and  ih  uM-d  to  prevent  the  vuinitiiig 
of  pcegnancy  and  m  certain  cUeeaees  (John,  Buii. 
8oe.  efaim.  [u.J  21,  540). 

Methyl  oxalate  CiU^iCIIa),  is  fjbtaimd  in 
rhombic  tables  meiting  at  M''  aiid  boiling  at  163^ 
fay  dissolving  anhydroua  oxalic  acid  in  methyl 
alcohol  and  washing  the  crystala  w  ith  cold  v. ntt  r. 
diethyl  oxalate  is  converted  iuUj  uxikUc  acid  una 
methyl  alcohol  by  boiling  with  water.  Pure 
oxalic  acid  may  titU8  bo  prepared  {v.  Mktbyl). 

ESbyl  oxalate  <JaO^(i  ^ll  is  a  liquid  which 
may  bo  obtaiiu-d  I>j  hlo\vi\  luatiiig  a  mixture  of 
3  jfmta  of  the  anhydrous  acid  and  2  parte  of 
abaobite  alcohol  to  100^,  afterwards  heating  to 
125"  or  lau"^  while-  the  vapour  of  2  parts  of 
absolute  alcohol  is  paa^tnl  in.  The  cth>i  oxalate 
ia  ae|iarated  by  fneticnal  distillation.  This 
compound  is  an  aromatic  oily  liquid  boiling  at 
Ibb^  and  decomposed  by  water  in  the  same 
manner  as  methyl  oxalate. 

A  great  number  of  aromatic  estexs  of  oxalic 
acid  liavo  been  prepared  and  oharaoterieed  by 
JJihch  tf  .nnd  HodensUom  (Ber.  1902,  3437); 
and  iklsio  by  Aiiselmino  (Ber.  I>eutsch.  Pharm. 
Cies.  1903,  494). 

Thu  ilecojjipusiltion  «-f  o.\alates  on  licaling, 
tiiou^ii  taking  ^-'iacc  approximululy  according 
to  the  equation  CaC,04=CaC0,+CUin  the  case 
of  caloiam  oxalate  m  in  reality  more  oom|ilex. 
Some  earbon  is  always  produced  during  the 
ignition  of  calciam  oxalate,  b'oditini  and 
barium  oxaliitea  follow  the  courses  72«'a2CiU4 
r^7Na,CO,+3CO+2CO,+2C  and  SBaC.O^ 
=  8BaCO,+6CO+C:0,+a  Magnesium  oxalate 
givc«  ti^uai  volumes  of  COandCU^and  no  carbon, 
Mg<  jy4=MgO  +  CO-rCOgj  but  most  other 
ox^al&tes  give  notable  quantities  of  carbon 
dioxide  and  cwbon  (iscott,  Chem.  Soc.  Proc. 

The  electrolytic  rt»ductiou  of  oxalic  acid  and 
oxalatee  in  srulpborio  add  flohitioQ  to  derivatives 
of  glyoxylic  acid  wa^^  first  patented  fay  Portheim 
(U.h.  Pat.  7'Jtt92U,  kUUC). 

Kinzlberger  and  Co.  (D.  R.  P.  103842)  reduce 
oxalic  acid,  its  esters,  and  amide  electrolytically 
in  a  cell  with  a  lead  cathode  and  a  diaphragm  in 
presence  of  sulphuric  acid  of  strengths  varying 
ixom  2  to  9U  p.c.  monohydrate.  The  current 
deui^  ia  S  to  10  ampe.  per  eq.  em.  and  the 
temperature  must  bo  kept  low.  Oxanilic  acid 
ur  iu>  derivativett  in  the  same  conditions  yield 
phttiylgiyoliie  or  «  derWalive  {v.  alao  U.S.  Fat. 


83708«;  D.  R.  PP.  204787, 194038).  Kinzlberger 
&  (Jo.  have  since  secured  an  additional  patent 
for  tlic  u.M'  of  ok'Ctrodt'H  of  mctalh  not  attacked 
by  suJi>huiic  ucid,  particularly  uuTCury  (U.  R.  P. 
210693).  Bayer  &,  Co.  make  use  of  sodium 
amalgam  in  the  reduction  of  oxaUo  acid  deriva* 
tivee  (D.  R  P.  201896;  J.  Soc  Cbem.  Ind. 
1908.  IITG). 

OXAUC  ACID  FEBMfiNTATlOlf  «. 
PxBMBKTaxnw. 

OXAMINE  BLUE,  -MAROON,  '•RED, 
-VIOLET  V.  Azo-  «  or.oi  Hixo  Matti  i;^. 

OXAZINE  COLOURING  MATTERS.— i  lie 
<  I  luing  matters  of  this  Bi-rim  are  cloaaly 
related  in  structure  to  those  of  the  thiioine 
group,  the  only  difference  in  their  general 
formuiee  being  caused  by  the  rtplacenient  of 
the  coupling  sulphur  atom  by  oxygen.  Two 
typical  examples  in  Capri  blue  and  methylene 
blue  viU  iUnatrate  this  atatement 

N 

Methylene  blue  (tfaiatlne} 

N 


C1(CH,) 


Gqwl  bhM  (oxaiiBa) 


t7oiM<t<«ltbn.— The  formula  for  Capri  blue 

given  above  reprcMents  this  substance  n.t  a 
dcrivHtive  oi  p-quinone-diimido  in  which  salt 
formation  is  prooooed  on  the  imido  nitrogen  aa 
in,  for  example,  magenta.  "Within  recent  years, 
attcuipts  have  been  made  to  aJ^-sigu  tu  the 
oxazincs  an  ortho-quinone  formula  of  the  same 
cliaracter  as  that  which  is  now  generally  accepted 
as  best  expressing  the  structure  of  the  colouring 
matters  of  the  azine  series.  On  thia  baaia  the 
formula  oi  Capn  blue  beoomee 

N 


in  which  bult  formation  is  rc^jrciscutcd  aa  Laving 
taken  place  through  the  passage  of  diad  into 
tetrad  oxygen.  The  work  of  Kehrmann  and 
othera  shows  that  many  of  the  propertiea  of 
these  conipniuui.H  can  be  better  explained  by  tlie 
oxonium  formula  than  by  the  para>quinonc 
structure.  In  the  present  article  the  oxonium 
formula?  have  been  u&ed  mainly  for  the  sake  nf 
uniformity,  uJiLough  it  luml  be  remembered 
that  it  is  by  no  means  certain  that  tha  paia* 
quinone  structure  of  the  salt  is  incorrect. 

Otncral  description  and  milliode  of  jtrcpuru' 
lion. — The  ci  leu  ring  matters  of  the  hi  ricM  may 
be  conveniently  classed  under  two  heads: 
(a)  the  bado  colours ;  (6)  the  mordant  colours. 

(u)  'J'fie  banic  colnnrs. — These  i  cihi'i  nndt.  are 
the  hj^'drochlucides,  sulphates,  and,  in  some  cases, 
the  sine  oUoiido  double  ealta  of  the  oxaxinea 
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the  other  the  ortho  position  to  the 
group  in  free.    In  pni«;ticc,  howe\ei. 


bttww.  The  ntoet  typjeal  member  h  HMoto^s  i  and  in 

blue,  whirli  was  prepare*!  hy  Mrldola  in  ISTKanil  tiifrnso 

wau  the  tini  colour  of  the  itericit  to  he  iwiiatt'd.  tiie  formation  of  coluura  uf  thin  chiiruclcr  u 
In  the  first  instance  the  prepumtion  was  efTec-ted  '  confined  to  the  airapler  reaction.    Novert  heleee, 

by  allowing  ^  iiiiplitliul  to  rrart  Avith  uitroHfHii-  '  a  nrw  method  f"r  tho  prrp,irati(in  nf  thi  sc  niloiini 


methylanilinu  hMtiurhluriUu  in  glacial  acetic 
wdd  solution.  At  the  present  time  alcohol  is 
need  as  a  eolvent  and  the  oolour  ie  obtwoed  by 
the  following  meant). 

Preparation. — A  iiiixfun-  containing'  2!  grams 
of  ^-naphthol  and  53  grauitt  of  nitrutiodimethyl- 
MiiHne  hydrochloride  is  dinsolved  in  aloohol  and 
boiled  for  one  (Liy  in  a  flaHk  fitted  with  a  rpflux 
cuiiileubur.  'Die  uulouring  matter  iu  formed  in 
solution  and  is  isolated  as  the  zino  chloride 
double  ,s  lit  hy  adding  a  tiolution  of  zinc  chloride 
until  no  further  precipitate  is  obtained.  The 
yield  is  30  grams. 

FropvUes. — Tlie  oolour  is  a  diak  violet 
powder,  aoltible  in  water  forming  a  Unish-violet 
solution.  It  dyi^n  Outton  mordant e(l  \vit!»  tannii" 
acid  and  Uiitar  emetic  an  in'li;^o  sh'v'i)>  >>f 
blue. 

M ' chanisfii  of  furm<Uion. — There  is  n(»  doubt 
thiit  th«  foiauttiuii  of  an  oxazinc  colouring 
matter,  in  the  manner  described  above,  involves 
the  reduction  of  one-third  of  the  nitrosodi- 
methylaniline  used  to  wym-dimethyl-p-pheny- 


u;ts  introduced  by  Kijiaai^  in  Itsss,  and  by  its 
iiKvins  a  number  of  importMUt  oolonie  were 
added  to  the  group.  The  new  process  call  be 
l>c8t  iUttstrated  l>y  referring  to  the  production 
of  Nile  blue  A,  whii  U  is  produci^d  l>y  ilic  iiit(.  r« 
action  of  nitrosodicthyl-m-aminophenol  hydro- 
chloride and  a- naphthylamine. 

Frf]^inilii)it.  —A  quarter  litre  fliu-k.  fltttd 
with  an  air  condenser,  containing  10  grams  of 
a-naphthylamine  hydlroohloride  dinoived  in 
IfHi  i^nun'j  of  glacial  acetic  acid  containing  20  p.c. 
i>f  water,  is  heated  on  the  sand  bath  until  the 
contents  are  at  the  boiling- ])oint  when  19  grame 
of  nitro9odiethyl-m-aminophenol  hyilrochdoride 
are  added  in  small  portions  at  a  time.  The 
vigorous  reaction  which  is  caused  by  l  ai  li 
addition  is  allowed  to  eubeide  before  a  fresh 
imrtion  is  added.  When  all  the  phenol  has  been 
usr- 1  th<'  mixturf  is-  .illowetl  to  boil  for  half  an 
hour  when  the  colouring  matter  separates  as 
glistening  eryetalB  on  oodung. 

Prnpfiiic^.  ('ry^^talline  iM)wder,  with  marked 
bronze  retlex,  soluble  in  water,  alcohol  or  pj'ri- 


lenediamine  and  that  the  equation  repres<ntin;4  Iji^g  forming  a  blue  solution.  DiaaolveB 


the  formation  of  Ideldula's  liiue  van  be  written 


NO 


8  I  I 

CIH(CH,),N'^^ 

K>  t  ri )  Mi]  i  methylaniline 
hydrochloride. 


+2 


^4iaphtliol 

N 


in 

concentrated  sulphuric  acid  forming  an  orange- 
red  solution  which,  on  dilution,  passes  through 
green  to  blue.    It  is  employed  for  the  dyi-itig 
j  of  tannined  cotton  on  which  it  produces  a  bright 
,  shade  of  blue. 

Mechaniim  of  fortnaiion. — The  product  inn  nf 
I^iie  blue  A  may  be  expressed  by  an  equation 
similar  to  that  given  in  the  caae  oi  Ifetdolft'e 
blue,  M  ahown  below : 


(CH 


NO 


/ 


\ 


I 


Meldola's  blue  (chloride). 

I      I  +3H,0. 

+C1H(CH,),N/ 

.iUym-ilimethyl-p-phcnyleaediambiet 

It  ia  adviflaUe*  however,  to  uae  a  larger  quantity 

oi  nitrosodimethylaniline  than  is  indicntrd  in 
the  above  equation  and  to  employ  two  mole- 
cules of  the  II inline  derivative  to  one  of  the 
naphthol  in  all  reactions  of  this  type. 

Likro^urc— Meldola  (Ber.  1879,  12.  2065; 
(  hem.  S)f.  'Iran-.  1S81,  39,  37);  Nitt/ki  and 
Otto  (Ber.  1888,  21,  1745);  Witt  (ibid.  1890,23, 
2247) :  Nietxld  «id  Been  (ibid,  1892,  2S,  2004). 
Meldola's  blue  appears  in  rommcrrc  under  other 
names  of  which  the  following  arc  the  more 
important:  new  blue,  naphthylene  blue,  fast 
blue,  cotton  blue,  faat  navy  blue  and  napiithol 
blue. 

It  is  evident  from  the  above  equation  that 
the  formation  ol  an  oxasine  oolouring  matter  of 
the  tyiie  of  Meidola's  blue  might  be  expected  to 

ensue  when  any  derivative  of  /?  naphtho!  i:-' 
treated  with  a  ilerivative  of  nitrosodintethyl- 
M^llne  provided  that  in  the  one  oaeethe  adjacent 


I 


3  11+2 

N 

rr 

(C.H.,,IlA/Y\/ 


-NH.HCi 


CI 


+ 


(C.H»).N 


+  3H,0 


LtVmrfurv.— Reissip  (R  A.  8.  F  ).  K.  P.  4470, 

88;  IlOlO,  {>!  :  Ain.  P.  431541.  IM"  ;  I).  R.  P. 
452()8,  HH  ;  74;i!»l,  91  ;  F.  P.  ISUlitV.K  HH  ;  lUyer. 
IX  R.  P.  49H44,  89;  F.  P.  198589  ;  Miihlau  and 
rUmami  (Aiinalen,  289.  Ill);  ThorjM-  Ch-m. 
Soc.  TnuiH.  liM>7.  91,  324).  The  comniercujJ 
profluct  is  usually  the  sulfihate. 

Other  members  of  class  (a)  may  be  summa- 
rised as  Tinder ;  they  are  employetl  as  tannin 
••ottoii  '  ■  '•\i>. 

Ca|Hi  blue  i.s  formed  from  nitroeodimethyl- 
aniline  and  diethyl-m<aminn(Tes»l  { itcnder,  1 890). 

and  till  Cresyl  blues  (Bender.  IH92)  an  i<  ri\ed 
liom  uilio»»tdi(iIkyl  w-amino-;)-erc.-<*il  and  nietu- 
or  para-diaminc^. 

podttim  to  the  bydroi^l  group  la  unoccupied  i      Mew  Mm  R  i»  formed  by  the  ctmdcnsatioii  of 
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g*3W»Hiiin«thyi-j>-plien)rienediftniine  with  Mel- 
doia't  Uae. 

/-■\  N 


It  )i  in  been  already  stated  that  this  base  is  a 
by-product  in  the  formatioa  of  Meldola's  blue. 
It  tlierefore  foUom  Uwt  New  Une  ia  always 
praM&t  in  small  qtianlitiM  in  oommttroial 
Mddiota's  blue. 

New  methylene  blae  is  formed  by  the  meHion 
of  diioeyijrlAauuo  on  McidoU's  blae. 


N 


\_ 
(OH,).N 


/ 


'N(CHJ, 


li  dyes  ootton  mordanted  with  tannin  a 

;^rt)eni3h-b!ne,  f;i'?t  to  li^Jit  and  w.vshing  Md  is 
&iso  employad  for  tU»  dyeing  of  »ilk. 

MDe  blae  2B  is  formed  by  the  condensation 
of  nitrosodiethyl-m-aminophenol  hydrochloride 
oad  benzyl- a-naphthylamine  (P.  Juuus,  1891) 

/-\  N 


I 

CI 

The  baalc  culoura  of  tliis  suries  }itive  been 
Uikxi  fur  Aome  coasiderablo  time  a.s  stains  for  the 
purpose  of  colouring  microscope  sections ;  like 
other  beaio  ooloan,  they  etftio  the  nitrogenous 
parte  of  the  seotion  leading  the  neatral  regions 
unf -jlourcH^l.  It  h.m  been  shown  by  Lorrain 
Smith  (J.  P<ith.  B<M;t.  i907»  12,  1)  that  certain 
ooloms  df  the  oxazine  eeriee  poesetw  the  curious 
proprrty  of  staining  sections  Containing  nitro* 
gonous  laalter  and  neutral  fat  diflorentially ; 
Uuil  if  to  say,  whilst  the  nitn^penona  m*tter  w 
coloured  blue  in  the  nsoal  manner  the  nenteal 
fat  is  stained  rod.  The  eolouring  matter  which 
exhibits  this  property  t^>  the  greatest  degree  is 
Nile  blue  A,  and  there  ia  no  doubt  that  the 
ottue  of  tUe  lMb»vio«r  ia  due  to  tlift  pMtial 
liTdraly^  of  tiie  dye  in  aottttion,  thiia— 


It  is  found (Chem.  Soc.  Trans.  1907,  91,  324) 
that  small  quantitieR  of  the  oxazine  are  formed 
so  soon  as  ttio  dye  is  dissolved  in  water 
that  it  ia  roadily  extracted  by  neatcal  soiT«Dts. 
It  ia  evident,  therafavBb  that  <b»  ttuning  of  the 
neutral  fat  is  due  to  tlie  eztraotioQ  of  the 
oxazine  by  the  fat. 

(ft)  Thi  murimA  vdaw. — The  eolouring 
matters  of  this  section  are  prepared  by  the 
condensation  of  nitrosoflialkylanilines  ^  with 
compounds  of  the  ( v[  of  galUo  acid.  The 
oxazine  contains,  therefore,  two  hydrozyl 
groups  in  the  ortho-  position  to  the  coupliQg 
oxygen  atom  ;  consequently,  like  alizarin,  th^ 
j  viela  insoluble  iakea  with  metallic  salts  and  can 
I  be  employed  as  mordant  colours.  A  typical 
rr^f  niber  of  this  group  is  Galloeyanlne,  %vliic)i  can 
be  prepMred  by  the  condensation  of  nitroao- 
dimeehylaailine  with  gallio  aoliL 

Prcjyinttion, — A  mixture  of  10  grams  of 
gallio  acid  and  17  grams  of  nitroaodimethyl- 
aniline  hydioohloiide  ia  dissolved  ia  200  e.e.  of 
i  alcohol  ff)5  p.c)  contained  in  a  500  c.c  ronnd- 
'  flask  which  is  fitted  with  a  reflux  condenser. 
The  reaction  is  completed  by  heating  on  the 
water- bath  until  a  drop,  removed  by  tlio  aid  of 
R  glass  rod,  shows  a  deep  violet  spot,  ^^ithout  a 
yellow  rim,  when  placed  on  filter  paper.  The 
alcohol  is  then  distilled  oft  on  the  water«b»th, 
and  flie  dried  reflidiie^  after  being  boded  wi^ 
200  c.c.  ( f  w  vt'  r  and  separated  bv  filtration,  is 
dried  on  poroi  i  h  j  j  r  celain.  Thp  colouring  matter 
is  a  broiue  p'  v  li  i  in.soluhie  in  water.  It  dyes 
chrome-mordanted  wool  bluish-violet,  and  is 
abo  used  for  printing  upon  chrome-mordanted 
wool  and  cotton. 

Mcchnnif^m  oj  JormnHon. — The  coursfi  of  the 
reaction,  whiuh  is  of  the  8ame  character  as  that 
already  shown,  oan  bo  iUnsttftted  by  tha  follow* 
ing  equation— 


COOH 


i 

/ 


—NO 


N  CO 


.—OH 


,  .  1  Y 

H     I  I 
!IUe  Uoe  A  (eUoiide V-Btas. 


NH, 


I  _ 

Gallocyaalne. 

L;i>  rature,—\i.  Kochlin,  D.  R.  P.  19580, 1 «S1  • 
E.  4Hy9,  1881 ;  Am.  P.  2r,372l,  257498;  Mon. 
Sclen.  1S83  (3)  13,  292  ;  Xietzki  and  Otto  (Ber. 
1888.  21,  1736  ;  1892,  2."),  29!»n. 

The  other  dyestutTs  of  tlas  ^loup  are,  for 
the  most  part,  derived  either  ctirectty  from 
gallocyanine  by  the  action  of  various  reagents, 
or  by  processes  in  which  gallio  acid  or  a  derivu- 
fi\  i'  of  tliis  substance  in  €i\\\>]<  The  follow* 

ing  are  the  more  important  niembera. 

Ddplline  UM  (Haorenbuch.  1880)  is  prepared 
by  sulphonating  the  prodm  f  forn  .  i  l  y  the 
action  of  gallocyanine  hydrooliloridc  ou  aniline. 
The  Chromo«ywiln«i  (de  la  Harpo  and  Vancher, 
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18^8)  are  formuU  by  tho  action  of  Milpliites  on 
g&Uocyanines. 

Indallzarin  (do  h\  Hnrpo  and  \';m<  her,  1900) 
i»  obtainf^l  from  the  gdllocyauine  Milphuuic 
a/oids  \'\  I  (J    I  liun  ol  sulpliitca. 

GaUamioe  Uue  (Geigy,  is  fonmed  by 
th«  action  of  nitnwoomnei^laafline  on  gallamide. 

Coreine  2R  (Bierer,  1893)  is  the  corre- 
sponding diethyl  dehvaiiTO.  It  ia  probable 
knat  the  formula  of  thcM  oompounda  i»  best 
u^imMed  by  the  straotnrfr— 

CONU. 


I 


lOU 


OH 


I 

CI 


Coreine  AR  is  derived  irom  CMeine  2B  by 

the  action  of  aniline. 

The  Pheoocyanines  (de  la  Harpe,  1898)  are 

obtained  by  the  action  of  resoroinol  on  the 
gallocyanine  which  in  formed  by  the  condensa- 
tion   if  nil  I  '    "lii  1  li yliniiliru'  iind  acid. 

Pheoocyanine  VS  is  the  initial  product*  and 
Phenoeyanlne  TO  is  formed  from  this  by  the 
oxidibing  action  of  air ;  its  stmetaxe  is  ptobaUy 
represented  by  the  formula 


A/' 


;oH 


o  o 
I  ! 

Phenocyanlne  TV  is  the  snlplioiuc  acid  of 

Gallanillo  violets  (Moliier,  1889)  arc  formed 
liv  the  aftion  <>f  nitn^'^iiiliiklkylanilinc-s  i.n  tht- 
anilidu  of  galiiu  at.;id,  Tfic  further  actiua  of 
aniline  produces  GaUaniUc  blue. 

The  above  ooloon  are  iargely  used  for  the 
dyeing  <if  ohnnne>ttoRlanted  wool  on  which 

they  produrf  various  .shiult-s  of  lihic  an<l  violet. 
The  colouring  uiafters  given  below  also  belong 
to  the  oxazine  series  : — 

Muscarine  (Aitnaheitn.  1885)  is  prepared  by 
tlie  action  of  nitroiiudiiiiethyluniiine  hydro* 
chloride  on  2'7-dihydr<>xyii.)phthalene.  Its 
stracture  is  represented  by  the  formnla 

N 


with  l-amino-2-naphthol-6-sulpiu>mc  acid  and 
is  represented  by  the  lonnnia 

HO-'   .  I     I  J 

V/'  "^^Z 

OH  0  - 

AlisarlD  OfMO  B  is  formed  from  the  corre- 
sponding 2  t(tnino-l-naphthol*4*stdlihoiliQ  add 

and  has  the  structure 

N 


so, 

I 


HO' 


.1    I  I 


Both  coh>uring  niatteri  protluct*  imi  shades  of 

green  on  chr<:»me- mordanted  fabrics. 

Fast  Black  (Bender,  1889)  is  formed  by  the 
I  condensation  of  nitrosodimethylaniline  v.\ih 
1  m-hydrozvdiphenylamine.  The  structure  of  tiu.s 

compouna  is,  in  all  probability,  represented  by 

the  formula 


H0< 


I     I  I 


I 

CI 

It  is  oniploye«l  iu  the  dyeing  of  tannined 
cotton  on  which  it  produces  a  fairly  fast  shade 
of  blue. 

Fast  Green  M  (Bierer,  1894)  in  dcTive<|  from 
muscarino  by  the  action  of  aniline.  Printed  on 
cotton  in  conjunction  with  tannin,  this  colour 
profhioes  a  tinf  fn^<  sharlu  of  green. 

The  Alizarin  Greens  (El.visner,  I8!>r»)  are 
prepared  from  /3-naphthoquinono  suiphonic  acid 
and  eertain  amiuonui)htholsiil  phonic  acids, 
1'hus  Alizarin  Green  G  is  i^riHlueed  when 
^-naphthoquinone  snlphonio  acid  is  oondensed 


N 


N 


(CH,),N' 


O 
I 

a 


^  \y\ji((_H,), 


The  dye-stuff  produces  an  extremely  fast 
shade    of    blue- black    on  tannin-mordanted 

cotton. 

Resorelu  Blae  (Ullrich,  is  always 

prodttoed  directly  on  the  ootton  fibre  by  treatimr 

the  matoi.kl.  iiopiegnated  with  tannic  aoid  aoo 
resorcin,  with  nitriwodiiuethylatuline. 

Fluorescent  Blue  (Iris  Blue)  (Wcsel^ky  atui 
Beiu  dirt,  1880)  is  made  i»y  the  bromination  of 
resorutiu,  a  compound  which  is  produee<l  by 
heating  nitrosoroson'inol  with  resorcin^]  in  the 
presence  of  concentrated  sulphuric  acid.  It  baa 
the  structure 

N 


Br  O 


•-UH 


Br 


I 


and  dyes  isilk  and  mo<iI  a  fairly  bright  shade  uf 
blue,  the  dyed  fabric  retaining,  to  a  certain 
extent,  the  brownish  fluorescence  of  the  dye 
solution.  J.  F.  T. 

OX  GALL  V,  BuJB. 

OXIDISED  OILS  V.  Ons,  FtxxOt  and  Fats. 

OXINDOLE  V.  A.MISU  acids  (AROMATIC). 
OXONITE  r.  Ext'iosiVES. 
OXOZONE     '  '  -NK. 

OXYACANXUIME  C,,H,,NO,.  An  alkaloid 
associated  with  iMrherinc  and  herbaminc  in  bcr- 

heriH  r«»Mt    II.  ■  ■  -    l'.      ■'■  :;i!iU). 

OXYANIHRARUFIN.  Ojcydirymzin  v.  Aw- 

KABIN  AWD  ALL1BD  COLOtTRINO  HATTKB9. 

OXVAZO-  DYES  r.  A/.o-  oyks. 

OXYCAMPHOR  ».  Synthetk  kiu  os. 

OXYCANNOBIN  r.  lU>ix.s. 

OXYDASES.  The  tetui  'oxydase  '  waa  fir. si 
applied  by  Bertrand  to  the  group  of  oxidising 
ferments  which  possess  certain  oharacteristies 
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oommoQ  to  eiaymcB,  Although  there  is  much 
in  the  behaviour  of  the  oxydasea  which  tlis- 
tingui.shos  them  sharply  from  other  enzymes, 
particulArljr  the  fact  that  thev  are  generally 
SMOoisted  irith  manganese,  it  u  oiutomar>'  to 
regard  them  an  enzymes  and  \o  define  them  bls 
sub.stancea  which,  under  physiological  con- 
ditions, rapidly  cany  oi^gen  to  materiab  on 
which  otherwise  oxygen  would  ar  t  very  slowly. 

Oxyd».Ht*.s  act  as  catalyntB,  their  activity 
rises  to  an  optimum  with  increase  of  tempera- 
ture aad  thcni  falls  with  a  further  liae:  it  is 
destroyed  on  boiling.  They  are  iiuohiUe  in 
alcohf)!,  absorbed  by  colloidal  precipitates  and 
unable  to  dialyse.  finailj,  they  are  selective 
in  their  action,  different  oiQrdaMS  acting  only 
on  certain  gnnqM  of  man  or  leiB  doaely  related 
materials. 

The  poiwer  of  effecting  oxidation  is  acc  um- 
panied  •  marked  absorption  of  oxygen  from 
the  surrounding  atmosphere. 

Oxydased  are  so  universally  distributed  and 
talco  part  in  ao  many  natural  plien«wnena, 
particularly  thoee  y/hSoh  are  mantfeited  ex- 
ternally by  colour  changes,  that  it  is  surprising 
so  little  is  understood  aa  yet  about  the  mechan- 
itni  oi  their  action.  A  number  of  reagents  have 
been  employed  in  their  study :  lew  oi  these  are 
really  satisfactory. 

The  most  extensively  usetl  are  guaiacum, 
which  gives  a  blue  colouration  and  precipitate ; 
quinbl,  wiiioh  is  oxidised  to  qidnone  (Bertrand, 
(ompt.  reml.  1894,  18,  1215)  ;  pyrogallol, 
which  gives  insoluble  purpurogallin  (  JJacli  and 
Chodat.  Ber.  1904,  37,  1342) ;  vanUIiu,  which 
forms  insoluble  dehydrovanilUn  (Herzog  and 
Meier,  Zeitsch.  physiol.  Chem.  1908,  57,  35; 
1909,  69,  57).  The  behaviour  of  tyro.siniwe  is 
studied  on  tyrosine  which  becomes  tirst  red, 
then  black  ami  finally  gives  a  Uaok  precipitate. 
Salicylic  aldehyde,  benzidine,  the  leucobase  of 
»  malachite  green,  phenolphthalein,  have  also 
found  employiDent.  [For  a  complete  li^t  of 
Oigrdaae  na^nts  and  references  to  the  original 
mpers,  v.  Kastle,  U.  S.  I  icjusury  Dept.  Hygienic 
Laboratory',  Bulletin  No.  59.] 

The  better  loootra  oxydases  are : — 

1.  Lacea§$f  t^oh  oxidiies  guaiaemn,  qnind, 
tannin,  &a,  and  ii  Tety  widely  distributed  in 
plants. 

2.  TifrminaMt  which  oxidises  tyrosin  and 
allied  snl>s>tanees  :  it  occurs  in  both  plants  and 
auimald.    Less  studied  have  been — 

3.  Aldehydase,  an  animal  oxydase,  which 
oxidises  saUoylaldehyde  and  other  aromatic 
aldehjrdes. 

4.  Iii'lopht  nol  oxifdd^r,  which  is  widely  dis- 
tributed in  animal  tissues :  it  forms  indophenol 
from  a-naphthol  and  p-phenylenediamine 
(Rohmann  and  Spitzer,  Ber.  1895.  28,  567). 
in  a<ldiUon,  enzymes  known  as  ■peroxydases, 
which  oxidise  reagents  walj  in  preeenoe  of  a 
peroxide  like  hydrogen  peroxide,  are  universally 
<listributed  in  living  cells  and  tisMuee. 

The  view  is  gaining  ground  that  o\yd;i,ses  are 
not  etntities  but  in  reality  mixtures  of  a  peroxy- 
daee  aad  mi  unstatde  orxanic  peo3xide  (Moore 
and  \Vhitloy,  Biochem.  J.  HM)9,  4,  13(5;  Bach 
and  Chodat,  Ber.  1903,  30,  UOG).  Many  planta 
contain  organic  bodws  capable  of  autoxidation, 
thereby  beconiinir  orgHnie  peroxides.  This 
superoxidutiuo  may  be  caused  by  an  enxyme — 


the  oxifgeruue.  These  two  components,  peroxide 
and  peroxydaso,  are  essential  to  the  conRtitntion 
of  an  oxydase. 

Cataiases  are  ferments  which  decompose 
hydrogen  peroxide  but  cannot  effect  the  oxida- 
tion of  oxyda.se  reagents,  a  distinction*  first 
drawn  by  Loew  (Bulletin  No.  66,  U.  8.  Dept. 
Agric.  IWiy.  They  are  very  widely  dirtrilmted 
in  vegetable  and  animal  tissues.  Catalase  is 
soluble  in  water  and  destroyed  by  heat.  Con- 
siderable interest  attaches  to  the  catalase 
(hemase)  of  blood  (Senter,  Zeitsch.  physikal* 
Chem.  1903,  44,  257  ;  1905,  51,  673). 

Tt  has  been  suggested  that  the  function  of 
catalase  is  to  prot<K:t  the  organism  against 
excessive  oxidation,  but  the  inability  to  deoom- 
posc  substitute<l  organic  peroxides  or  oxvgenases 
(Bach  and  Chodat,  Ber.  1903,  30,  1760)  and 
other  facts  arc  againi<t  this  view  and  thequestiOD 
is  as  yet  but  imperfectly  understood. 

Peroxydases  and  oatalases  are  so  widely 
di.stributed  in  living  tis.sues  thjit  their  ]]rc.Hcnee 
might  almost  be  used  as  a  chemical  test  for 
vital  activity.  They  are  characterised  by  great 
I  stability :  thus  the  peroxyda.se  of  horHc-nvdi.sh 
is  not  entirely  destroyed  when  its  solution  is 
boiled  for  a  short  time.  The  activity  of  a  weak 
oxydase  is  greatly  iacrsased  by  a  peroxydase, 
more  especially  by  that  from  the  same  source 
as  itself.  They  gradually  lose  their  activity 
duriAg  the  oxidations  which  they  bring  about. 

FsMMgrdases  appear  inTariably  to  contain 
manganese,  and  Bertrand  (Compt.  rend.  1897, 
124,  1032,  1355)  has  shown  that  the  oxidising 
power  of  hKicaae  b  proportional  to  the  amotmt 
of  manganese  present;  further,  that  the 
addition  of  a  small  amount  of  manganese  greatly 
increased  the  oxidining  power  of  lucerne  laccase. 
He  therefore  regards  manganese  as  the  oo* 
ferment  of  lacoase  in  the  same  way  as  liydro> 
chloric  a<  irl  is  the  co-ferment  of  pepsin.  'J'he 
manganese  cannot  l)e  replaced  by  other  metals 
in  the  case  of  laccase.  but  iron  and  other  metals 
have  similar  function.s  with  other  enzymes. 
Colloidal  8U.s{)en.sions  and  solutions  of  these 
metals  have  been  shown  to  form  artificial 
peroxydase  systems.  The  subject  is  a  oomjplex 
one.   For  llteratnre,  see  Kastle,  te. 

Tyrosinase.  An  oxidising'  ff-nnent  aitlng 
on  tyrosine  is  widely  distributed  in  l)oth  plants 
and  animals.  When  the  enzyme  is  added  to  • 
solution  of  tyrosine,  the  mixture  hcdinies  red, 
then  bhick  and  deposits  finally  a  hhu  k  precipi- 
tate. The  amount  of  action  is  conveniently 
measured  by  titrating  with  0*002  normal  potas' 
slum  permanganate  after  tiie  addition  oi  ani- 
phuric  a(  id  (Bach.  Ber.  190<^,  41,  216)  tmtil  the 
colour  of  the  titer  disappears. 

This  change  is  responsible  for  the  reddening 
and  subsequent  blackening  f)bservcd  in  certain 
^  fungi  and  in  the  roots  and  tubers  of  plants. 
I  IVrosinase  is  also  of  importance  in  the  formation 
'  of  animal  pigments — melanins  as  they  are 
I  termed  (v.  von  F&rth  and  Schneider,  Beitr. 
(  h.  in.  Physiol.  Path.  11K)1,  I.  229;  nhio  VOn 
l-'urth  and' Jerusalem,  ibid.lWlj  10, 131). 
I      Tyrosinase  is  enthdy  dillbrent  from  laocaae 
I  which  usually  accompanies  it  in  plnntn.  The 
,  [HTo.xyda.se  of  lacea.se  act  ivat«".H  hydrogen  iktox- 
!  ide  towards  guaiacum,  riuinol.  pvrogalloU  Ae., 
I  but  not  towanls  tyrosine,  whilst  the  peroxydase 
I  of  tyrosinase  acts  only  oo  tyrosine  and  certain 
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amino  compoundfl  and  does  not  effect  the  j      OXYGEN.  Syin.  O.   At.wt.  16. 

liiccase  reaurents.  '      Hi«k>n&d  nok>. — The  first  recognition  of  the 

Vem-tiible  tyrosinasi-  is  bent  <>l)t.'urit-(l  fnini  rah  of  oxygpn  in  nature  wouM  .sf«  m  1o  dniv 
longi — species  of  MumuUi  or  Agancus — or  fruiu  i  from  the  ei^th  century.  The  Chinese  Phiioso,- 
wheat  bnn  (Bertraod  and  Mvtermilch,  Ck>mpt.   ph«r  Mao-Khi6a  then  |>roinii]ftated  a  theory 

ifntl.  1907,  144,  1385).    The  you nt;  fresh  fungus    \)a«  <]  on  hi^  rxptrimrnts.  thfit'flll  matter  ^^•a9 


is  macerated  with  chloroform  water  or  with 


li  <it  t^^^•  fuiitlameiiUtl  eleiucuU,  \ang 


gljoenil*  or  the  emsynie  may  be  precipitated  ,  (the  stri)ng  or  primary)  and  Yin  (the  weak  or 
from  the  aqueous  extract  by  alcohol  (Bach,  Heconilary).  In  air  both  theae  elements  'WSro 
Ber.  1908, 41,  221).  300  c.c.  of  clear  expressed  pn-srnt  wmbincd  with  elemental  fire.  The 
fungua  juice  is  poured  into  15  litres  of  96  p.c.  Yang  (or  more  complete  air)  could  ho  ohtftiiiod 
alcohol  t  the  prooipitato  ia  filteced,  waahed  with  ,  purer  by  burning  in  air  certain  of  the  metaU, 
alcohol  and  driied  in  a  ▼amram.  The  (tcHvity  |  ratphtir  or  charoiDaU  which  robbed  the  air  of 
dep<"n(li>  on  the  age  of  the  fungus. 

To  obtain  it  from  wlu-at  bran,  1  part  is 
allowed  to  etand  with  4  p<irts  water — the 
mixture  is  opntrifui?erI  an<i  tlie  solution 
mixed  with  3  vuU  uf  9ij  p.c.  alcohol.  The 
precipitate  is  separated,  washed,  and  dissolved 


pure  in  the 


Yin;  wliilst  Yin,  never  omirrinfr 
air.  coulil  Ik;  obtained  by  heating 


certain  minerals  (tlir  jilontity  of  which  is  not 
clear)  find  r«pr(  inlly  Hlio-.-iar.  (proliably  nitre). 
Mao-kli«>a  reet*g!uacd  ihftl  the  Yin  of  the  air 
wtLH  also  present  in  water,  though  here  it  was 
in  distilled  water.   The  ensiyine  i»  again  preciiH-  >  cloaely  bound  to  Yang  that  itst  eenaratiou  was 


tated  by  alcohol,  ooDeoted  and  dried  w  vacuo  t 

the  subHtancf^  obt:\ined  MDOonte  to  0^  p.0.  and 
contains  no  lacca^^. 

Sources  of  animal  tyroeinaee  are  the  ink  sac 
of  tho  cuttle  fish  and  the  pupae  of  the  butterfly 
of  the  species  Deiciphilia  euphorbia  (von  Furtii 
and  Jemaalein*  Uc), 


difficult.  Hie  tmportent  part  taken  by  Yin 

in  combustion  and  respiration  was  recocnisod. 
Leonardo  da  Vinci  wa.s  the  first  Euro |»  an 
to  recognise,  towards  the  end  of  the  fift<>«ritl» 
rnntury,  the  non-elemental  character  of  the  air 
and  to  state  that  only  one  part  of  it  was  con- 
cerned in  combustion  and  respiration.  Robert 


Tyrosinase  ia  amaitive  to  the  action  of  acids  Hmike,  in  Micrographia,  publi^ted  in  London  in 

and  alkalis  and  oertain  poisons,  particularly  1665,  recognised  the  .same  fact,  and  that  the  seme 

hydroeyanio  acid.    It  obeys  the  laws  nf  niasis  eonstituent,  or  at  It  a-^t  a  very  similar  one,  wa-^ 

action  in  the  prodaotion  of  melanin  from  present  in  nitre.  Mayow  in  1674  recognised 
tyroirine  (Baob,  Ber.  1908, 41, 221).                 ^  that  the  aefitw  oooatituent  of  air  which  sapporta 

TJ3rrO«ii''^'^p  JK'ts  equally  well  on  racemic,  combustion  forms  only  part  of  the  atmn«tph<»re. 

dextro-and lie vu- tyrosine.  It'gives characteristic  and  that  the  same  substance  is  |>ns< nt  m  nan", 

colours  with  compounds  analogotts  to  tyrosine  and  is  given  off  when  nitre  is  hi  atcfi  strongly. 


containing  a  phenolic  hydroxy!  (Bertrand,  Bnll 
Soc.  chim.  1908,  [iv.]  3.  335)."  It  gives  colour 
changes  with  homosicntisic  acid  and  tryptoyihane 
and  with  polypeptides  containinii  tyrosine ;  the 
latter  are  not  cofoored  like  tyroeine  but  beiwnie 


Ma  vow  termed  this  gaseous  constituent  of  air 
arui  nitre  apiritus  vitalis,  »piriUi«  nitro-ttfreus, 
and  pabulum  iqnto-aereum.  Borch  ( 1  r>7S !  carrietl 
the  work  of  Mayow  rather  further,  and  Uales 
(1727)  obtained  oxygen  by  heating  nitre,  and 


yellow,  then  nrange  and  finally  mahogany  red.  i  collected  the  ga«  over  wal»  r  in  nearly  1h<  on  tiral 


The  nature  of  the  amino  acid  modifies  the  colour 
(Abderhalden  and  (  Juggenheim.  Zeitiwh.  physiol. 
Chem.  1907,  54,  331  ;  also  Chodat  and  Staub. 
Arch.  8ri.  Phys.  Nat.  1907,  23,  265;  1907,  24, 
172). 

f.ajwa«<i  is  of  almost  universal  distribution 
in  the  instable  IdniKdom  but  its  ooourrenoe  in 

animiUs  is  rare.  It  is  solnHo  in  water  and  a<  five 
aqueous  extracts  are  readily  obtained  from  moat 


quantity,  but  faile*!  to  nc^gniwj  it«  character. 
l^riestleV  obtained  the  gas  on  Atigu.'^t  1,  1774, 
by  heating  mercuric  oxide  in  a  glasK  vessel 
Iiy  the  heat  of  tho  sun's  rayn  eoneentrate<l 
on  the  oxide  by  means  of  a  burning  glaKS, 
and  gave  it  the  name  di^Mogi^icakd  air.  The 
gas  xv^s  isolated  independently,  and  almost 
>-iinuliaiicunslv  'j)riil'aMv  in  1771,  though  the 
publication  of  this*  re.Hult  ^\'aa  only  made  pevertl 


plant  materials,  the  potato  and  oabbage  being  |  years  later),  by  th<-  Swedish  ohemist  Seheole, 
convenient  sources.  It  is  more  stable  tf>WHrds 
heat  and  alcohol  than  tyrosinjise.  the  latter 
being  destroyed  at  70^  :  laecase  is  kJlliH^l  on 
liuiling.  Most  acids  and  substances,  Hueh  as 
hydrogen  cyanide  and  hydrogen  sulphide, 
destroy  its  activity. 

it  may  be  salted  out  from  soiuiiijn  by 
ammoiUnm  sniphate.  It  is  not  specific  in  its 
action  but  prom»)tes  the  oxidation  of  a  large 
number  of  easily  oxidisable  substances.  It  is 
respon>iMr  for  the  ooloiir  changes  oceurrinu  in 
cut  fruits  like  apples,  pears,  &c.,  tlie  brown 
colour  formed  being  considered  to  be  due  to  the 
dxiil  iti'iii  of  tannin  by  laooase  (Lindet,  Conipt. 
rend.  1895,  120.  370;  Kaatle  and  Loevenhart, 
Amer.  Chcm.  J.  1904,  31,  606). 

A  very  complete  and  en'ti  ,i1  smmi,  irv  ,ind 
biblio;.'raphv  of  the  lit<ra(uie  bc.tun^  .■u  oxy- 
dases js  ti  by  .1.  H.  Kaxtle,  Bulletin  No.  59. 
Hygienic  Laboratory,  Treaauiy  Dept. 

1010.  E.  F.  A. 


who  applied  to  it  the  term  iinpvrntl  i  r  frr-air. 
Condoreet  so<ni  alter  suggested  l\n  u;iuie  vtial 
air.  La\  . 'i>i,  r  r.uarfird  it  as  an  es-nential  cfm- 
stitucnt  of  all  acids,  and  hence  gave  it  il.s  pre.-sent 
name  orj/gen  (from  6(tir,  acid,  and  ytvyiw,  1 
{'•iJiiy  Tin-  later  discovery  that  li\ >!ro'!)loric 
anfi  the  other  halogen  acids  contained  no  oxygen 
showed  that  thi.<<  substance  ia  not  necesasrily 
present  in  acids,  but  the  nnme  has  been  rc- 
taine<l.  The  discovery  of  oxyyt  a  wn.'*  the  means 
of  leading  Ijavoinier  to  the  true  theory  of  com- 
bustion {see  .lorgensen.  Die  Entdeckung  dea 
Saurstofifes,  Stuttgart,  1<K>9). 

Ofcnrrencc. — Oxygen  is  the  mcjst  abundant 
and  the  most  widely  distributed  element  iu 
nature,  ^n  the  free  state  it  occurs,  mechanically 
uiixivl  Willi  nitro.j.  ii.  in  ihe  nt ruf -| ibm',  of 
vhl'  li  it  forms  about  21  p.e.  by  vuluine.  and 
metre  Ihan  23  p.e.  by  weight.  In  the  conibuied 
Jitate  it  forms  eight-ninths  by  weight  of  all  Om» 
water  on  the  globe,  and  nearly  half  of  the  thrttj 
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chief  conKtituontA  of  the  rnrthV  rrii-<t,  vir. 

cniiia.  Must 

■tmecal» — the  chief  except ionn  being  lOOk  Malt, 
(nonpar,  bleo^le.  ^alenH,  and  p^Tites— ooutAin 
oxyf^eti  in  considerable  pru|K)rtion8.  It  in  on 
ciw><'ntial  con-t  it  u<  rit  (  f  all  animal  and  vegetable 
timam  mod  iluid».  it  is  »biorbed  in  luge 
quantities  froin  the  atliMMapherft  by  ammds  aiid 
veget'iM-  s  iliiritiur  reepiration,  hut  this  almtrac- 
tion  i>i  practically  couiitcr balanced  by  the  oxygen 
evolvtil  by  gfoen  foliage  under  the  inflnenoe  of 
•un  light. 

Prtpamtion. — A.  On  the  laboratory  scale. 
Oxyj^eu  may  be  obtained  by  the  action  of  heat 

the  ojdiGkM  of  mercury,  tnlver,  gold,  and 
platinnni;  the  peroxides  of  hydnigen,  the 
ilk.ili:-,  farluni,  lead,  and  nianuaix  si- ;  flu- 
chJurates,  i/rumatC8,  iodateo,  lutrates,  and 
dadhr(JiDat<>fl  of  potMuam  and  other  baseti ;  it 
i-'.  i-v<'l\-<[  'Iurin:r  "ome  fhi'inii  JiI  rearlii.H'-.  .in<l 
liiiruiij  tht-  elttlrul^iiiA  uf  luuuy  ijulibUiiicetf, 
n<  'hK1%  of  water. 

Of  Ihe  modee  of  piepaiation  nHNit  convenient 
for  use  in  the  kboratoiy,  or  of  intenal  fnim 
historical  t  t!i*ortti<aI  considenitioiifl,  fehe 
toUowing  are  the  principal : — 

1.  heating  red  oxide  of  mercury  it  spUte 
op  into  vfipotir  nf  mercury  (which  condenues) 
and  oxygtu  :  2HgO~2Ug4'Of  This  reaction 
iH  of  intere«t  aa  being  twt  by  whidi  Flrieiitley 
lirst  obtamofl  ox\'gcn. 

2.  By  heating  manganese  diosdde  to  a  bright' 
rtsl  heat  it  give«  up  one-third  of  its  oxygen  : 
:tJilnO,— MiisU«+0,.  The  oxide  is  beet  heated 
in  an  iron  bottle  placed  in  a  fnniaoe,  as  gUtui 
ves«el»  will  nrt  stand  the  high  tem]>erature  re- 
quired. lUO  parts  by  weight  of  the  pure  per- 
oxide yield  1^3  i>artj^  by  weight  of  oxygen. 

Manganeee  dioxide  occura  in  laioe  qoanti* 
tie«<  in  nature  ae  the  mineral  pi/rom»ite,  and 
T  hti  ^  forms  a  cheap  nource  for  the  preparation  of 
quantities  oi  a  few  hundred  feet  of  oxygen,  but 
toe  hi^  temperature  required  makes  the  pioeess 
aonj'  vvh.if  in'  onvrnif  tit.  P\  r'jlusitc  usually  con- 
VtuiM  mhuut  70  p.c.  of  the  dioxide,  and  therefore 

gives  a  lower  yield  of  oxygen  than  tiiat  indicated 
y  the  e'ju.tt  imi. 

3.  PoLiii!?juiu  ( hlurat4>  i.n  a  very  convenient 
and  economical  source  for  i^mall  quantities  of 
oanrgen  for  iecttue  and  laboratory  purposes. 
When  gredually  heated  in  a  hani  glaas  retort  or 
ftaak,  thiH  salt  iiirlN  iif  alx.ut  :}n(i'-370^  and  at 
about  370 -3W  evoiut  ion  <A  oxygen  commences. 
After  some  time  the  in  <  i  tnasK  thickens  from  the 
formation  of  the  i>crchlorate,  which,  at  a  still 
higher  tfciupufature,  is  al«jo  decomfMiwMl.  L'lti- 
amtelyv  therefore,  {NJtaKitium  chloride  alone 
remaina  in  the  generat  ing  flask,  the  whole  of  the 
oxygen  having  been  given  off  acoordinfc  to  the 
cfju*ti-.ti  :  2K*  \0,'^-2K(  \  V)^.  100  jMirt.s  by 
imsig^t  of  chlorate  yield  39*10  partit  by  woj^ght  of 
«zygen.  or  1  os.  of  olilorate  1'8  gallons  of  the 
gas.    Th'''  fiX}  -wn  obtained  i«  vrrv  purr. 

The  tempt  raiure  required  m  thas  dec<imjK)«i. 
tioo  is  too  high  for  oonvenieiit  me,  as  the  glass 
vesHclM  employed  in  the  preparation  of  the  gas 
often  Mjften  undcT  the  great  heat,  \ield 
to  the  pre«»ure  of  the  contained  gat^.  ^Vhen 
metaliio  vessels  axe  used  the  heating  muiit  be 
rery  earefolly  watched,  sines  the  decorapoeition 
b^utp  '  ,M<f  }|.  rinjc  {i.e.  heat  being  ovolvc  a  'Itiring 
the  reaction  J,  when  onoe  decompositiou  has  aet 


in,  thf  evolution  of  gas  is  liable  to  become  very 
violtiii.  If  the  potassium  chlorate  Ix;  mixed 
with  aliout  one-eighth  it«  weight  of  some  non- 
fuiiible  oxide,  such  as  Qxide  of  copper,  oxide  of 
ir»>n,  or  mangaiu  »o  dioxide,  the  ©volution  of 
oxyi^i-n  take  s  piati-  at  alxnit  210'",  i<r  i  nn>i<i<TuIjly 
below  that  at  wluch  the  salt  fuses,  and  is  much 
more  regular.  The  addition  of  a  little  apongy 
platinum  aiiswf-rs  the  same  jiurpow. 

The  irns  jtrepared  in  this  way  alm08t  invari- 
ably (ontunis  traces  of  chlorine,  which  are  re- 
moved, when  necessary,  by  passing  the 
through  a  sohition  of  caustic  soda. 

Commercial  tnanganesc  dioxide  {pjrolusit*  ) 
is  sometimes  adulterated  with  coal-dust.  If  such 
dioxide  is  heated  with  potassinm  chlorate  the 
(ual-dust  hunis-  often  with  explo'~i\i-  vi<*lcncc 
— at  th<'  rxjienist:  of  the  oxygen  ot  the  chlorate, 
and  thi.H  Ima  been  the  cause  of  fatal  accidentN. 
It  i«,  therefore,  a«l\  Lsalilr  to  trpt  tlx-  dioxide 
before  u»o  by  heating  a  small  quaiitit;^  m  a  test 
tube  Avith  8ome  chlorate. 

The  action  of  these  oxides  in  facilitating  the 
decomposition  of  the  potassinm  cMoiate  is 
probably  du«-  to  Ux-  transient  foniiation  of 
hwher  oxide**  of  extreme  instability.  'J"h«-  oxides 
which  show  this  action  most  markedly  are 
those  which  form  unHtahle  hijiher  oxides.  'J'ho 
action  of  Kpuiigy  pktuium  is  less  clear,  but 
is  probably  connected  with  the  tendency  of 
thai  substance  to  condense  oxygen  on  its 
surface. 

4.  Bv  lieatiiiL:  a  concentrati-d  soIuti<ni  of 
bleaching  powder  (or  any  hy}X)chlorite)  to  which 
a  small  quantity  of  oxide  of  cobalt  has  Ix-en 
added,  it  is  r<  >iil\(d  intf)  calcium  chloride  and 
oxygtu  ;  ::C4iUCl|  r4CJoU=2C'aCl,-|-2C'og():,  and 
2Co,Oj=4CoO-}-0|.  Thedccomposition  ii^  -lioun 
in  two  stages  to  exhibit  the  action  of  the 
oxide  of  oomlt.  It  is  not  necessary  to  use 
pre-formed  oxide  of  cobalt,  as  any  salt  of  co- 
balt will  answer  the  same  ourpoee.  The  oxides 
of  copper,  iron,  and  Riekel  are  similar  in  their 
action.  Instt  art  of  a  .^ohifion  a  thick  paste  of 
bleachuig-i>uvvder  and  water  may  be  used  if  a 
Hmall  quantity  of  parafKn  oil  is  added.  The 
oil,  Hoatiiig  on  the  surface  of  the  pajrty  liquid, 
j>re vents  tlie  frothing  which  M-ould  otherwise 
take  place.  The  boist  temperature  for  the 
evolution  of  gas  is  about  70"-^",  at  which  a 
steady  stream  may  be  obtained. 

Atiotljri  in(Kliiication  of  tlii^  nn  IIkhI  is  tO 
jpass  a  stream  of  chlorine  into  btjiling  milk  of 
time  to  which  a  small  quantity  of  a  .salt  of 
c<jpper,  col>tth,  or  nirkel  has  ]>een  a<lded. 
Oxvgen  gas  is  given  off  according  to  the  equa- 
t  ion  2C I ,  \-  2Cla(0H),«2aiCl,+2H,O+O,. 

5.  From  various  peroxides — 

(a)  When  an  intimate  mixture  of  3  mols. 
Ijarium  peroxide  (2  parts  I'V  u<  iL'ht)  aii<i  1  mol. 
potassium  dichzomatu  (I  pan  by  weight)  is 
treated  with  dilute  sulphuric  acid,  oxygen  is 
afniTulantly  evolvetl  at  ordinarv  temperatures 
(h<.l>i>in.s,  'Pharm.  J.  [ii.l  5,  430)." 

h.  If  TKHj  c.c.  of  coniniert  ial  hydrot.'<  ii  per* 
oxide  (10  i>.c.  Holiition)  are  intro<inc<ii  into  a 
suitable  generating  lln.-^k,  and  a  f-olution  of 
25  gnns.  of  potassium  iK  riiian^'anatc  m  .'itiO  (  .«■. 
of  water,  mixed  with  20  c.c.  coneentratetl  sul- 
phuric acid,  is  allowed  to  flow  gradually  into 
the  mixture  from  n  flroppin;.,'  tiiiiiiel,  oxygen 
will  be  rapidly  evolved  without  the  application 
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ot  heat,  tbe  amount  of  ox^mn  obtained  from 
thew  quantities  being  about  10  litrm. 

f' )  i'uiiiiiAtui  rt'c<»mnu-n'lr-  (Zritr-rh.  ftiiorg. 
C  bcm.  i8lH>,  7U)  uiiargiug  a  Kijip  apimratUH  wiili 
pieoM  of  pytoluaito  of  2-4  mm.  diamoter  and 
u.sitig  as  the  nrtivntiiip  liquid  cominoroial 
hydrogen  pemxide  to  which,  while  vieJl  cooled, 
li>(t  CO.  of  strong  sulphuric  acid  hM  been  added 
per  litre.  The  evolution  of  th«  oxygen  is  steady 
and  oontinuous.  Neumann  reoommendM  the 
use  of  cuIk  s  made  fnnii  2  parts  barium  peroxidv. 
1  part  pyrolusitc',  and  1  part  gypaum  with 
hydroohMme  aoid  of  sp.gr.  1*12  aa  Mtiv»ting 
liqiiir!.  hut  thr-  (ixNucii  i  xolved  by  thiB  method 
oontams  traces  of  chlorine. 

{d)  If  \i-atcr  is  dropped  on  to  broken  pjeoee 
of  fused  potasHium,  Hodium  or  potastiium- 
sudium  peroxide,  a  ttteady  stream  of  oxygen  is 
evolved.  Walter  recommentlH  fusing  ltM>  grm.s. 
•odium  peroinde,  100  grms.  ixitaasium  nitrate, 
and  SS  gnna.  magnesia;  hvdroehloiio  acid  is 
then  dropjKjd  on  to  the  cold  l)ri>k(  ii-iii)  nines'. 

(e)  If  a  mixture  of  equal  parts  ot  sodium 
iXToxide  and  a  salt  containing  water  of  crystal- 
lisation, MR'h  as  soditiiii  sulphate,  i.s  gently 
heated,  ox^gtu  is  evolved  in  u  .slt-ady  stream. 

(f.  On  passing  a  mixture  of  steam  and 
ehlorine  through  »  red<hot  porcelain  tube,  filled 
with  fragtnenta  of  poroebin  to  incicaae  the 
hcatiiiii  surftuc,  the  chlorme  combines  with  the 
hydrogen  of  the  water  and  oxygen  ia  liberated  : 
2H,0+2C1,=4HCl+0,. 

7.  By  thf  flcctrolysiH  of  water  ^Iii:litly 
acidulated  with  .><ulphuric  acid,  the  wiiiei  is 
seaolTod  into  hydrogen  and  oxygen,  tht;  latter 
appearing  at  the  positive  pole  :  2UaOs»2Ug+02. 
This  forms  a  oonviaiient  method  of  obtaining 
,'^riudl  4uantiti<  s  n{  jiun-  oxygen^  SUCh  Aa  ant 
require*!  in  gas  analysis. 

8.  Oxygen  may  be  prepared  fiom  sueh 
highly'  oxidisinl  lomjii .uihI-^  as  prn.xidr^  nf 
lead  and  mangant-M ,  |M>ia.-<8tum  diclurontate  and 
permanganate,  &c.,  by  the  action  <jf  sul- 
phuric acifl.  These  are,  however,  seklom  used 
as  w»urces  of  gaseous  oxygen,  but  are  v»Ty 
useful  as  oxidising  agents.  Thus  hydrochloric 
acid,  when  treated  with  suiphurio  acid  and 
potassittm  fiermanganate,  is  oxidised  to  h^^po- 
chloinu.-i  .!(  ill.  aii'l  iilf  oiiul  tu  ated  with  sul- 
phuric acui  and  manganesf  ilu  xide  yields  aide- 
hyde  and  water.  The  foUcwiti^i  >'<iuations  re- 
prrsfTit  the  changes  wlm  li  taki  j>tace  when 
nmiigaiiese  dioxide  and  pa«s.siuni  dichrouiati! 
are  reepeotively  treated  with  aulphuric  acid : 

2H,SO,+2MnO,-2JInS04+2HaO+0, 
and  8H^04+2K.Cr,07 

•  =r2K,804-r2(  'r.tSO  Jg  +  «H  J)  +  30j. 

The  change  is  rendered  visible  in  the  latter  case 

hy  the  formation  of  a  *l.  i  p  jreen  salt  of  chro- 
mium, the  solution  Ix-ing  j)ji  vioUf<ly  uf  a  red 
colour. 

9.  When  fresh  leaves,  such  aa  mint  or 
parsley,  are  cxposwl  to  the  influence  of  sunlight 

in  an  inverted  (\liii<!ir  fillrd  with  witer  satu- 
rated with  oariK>n  dioxide  and  standing  in  a 
basin  of  the  mme  liquid,  oxygon  appears  after  a 
time  in  minutf  li;i!it>l<  <  un  the  leaver*.  an<l  collec  ts 
in  the  upper  pari  ol  (he  jar.  This  method  of 
liberatinu  oxygen  is  (»f  interest  as  lieiiipj  that 
which  occurs  in  nature,  by  means  of  which  thi 
loss  of  atmospheric  oxygen  continually  takuig 


place  from  combustion  and  reapiiaUcm  is  re* 
placed. 

Se  veral  «>thi  r  ino<I«  s  <<r  |>r»  parat  i«-n  which, 
in  addition  to  their  theoretical  interest,  are  of 
practical  and  technical  value,  will  be  treated  of 
in  the  folio wn'np  srefion. 

B.  On  Utt  uidu«lrtal  scale.  1.  The  first 
method  ]>ropose<l  for  obtaining  oxygen  on  th<' 
large  scale  was  the  ignition  of  nitre,  tad  this 
metho<I,  in  various  mo<Iitications,  has  formed 
the  imsiii  of  si  vtral  patents.  The  lir~t  oxygen 
patent  occurring  in  the  reoorda  of  our  Patent 
Office,  is  K6.  12S98,  S.  White,  1849.  But  the 
oxygen  so  obtainorl  wa?  rontaminntf*.!  w  ith  oxidea 
of  nitrogen,  and  tins  method  iia^i  not  proved 
advantageoua.  It  deserves  mention,  however, 
as  being  the  means  by  which  iViestley  first  ob- 
tained impure  oxygt-n  in  1771.  He  then  be- 
lieved the  gas  to  be  '  fixwl  air  *  (carbon  dioxide), 
and  only  leoognised  his  mistake  3  years  after- 
wards, when  he  obtahied  oxygen  bom  merovrio 
oxide. 

2.  By  heating  manganese  dioxide.  This  was 
forineily  one  of  uw  4dieapest  methods  of  prepar- 
ing oxygen  on  the  crjmmrrcial  scale. 

3.  By  healing  a  lUixtuit^  of  pota.tsium  chlor-  ^ 
ate  and  about  one-eighth  of  its  weight  of  man- 

Kaeae  dioxide.  Xhmigh  more  cosUy^  than  tbe 
t-named,  this  method  is  more  earily  earned 

out,  and  was,  until  Mithiii  the  Ja.^t  3U  yrar-, 
almost  exclusively  employed  iu  the  preparation 
of  the  oonsldeiable  quantities  of  oxygen  tiaed 
for  lime-light  parpopes. 

4.  By  the  decoin^misition  of  sulphuric  acid 
by  heat:  2H,j.S04=2SO,+2HgO+0..  The  sul- 
phuric aoid  is  aIlowe<l  to  drop  on  red-hot  surfaces, 
and  is  thus  dtH'omposed.  If  the  oxygen  alone  ia 
wante<l,  the  em<  i>ri  nl  tzastxjus  mixture  is  passed 
over  media  suitable  for  the  absorption  ol  the 
water  and  sulphur  dioxide.  As  a  method  for 
th<"  ])rrparatiim  of  oxjgen  only  this  pro*  ts.-?  haa 
not  found  much  favour,  but  it  has  Ijecn  very 
largely  and  fiucce.s-sfully  used  in  the  prepara^ 
tion  of  sulphur  trioxide,  where,  the  water 
being  removed  by  a  desiccating  agent,  a  mix- 
ture of  sulphur  tiioxiili)  and  oxygen  in  tho 
desired  proportiona  is  at  once  obtained,  it  ia 
the  process  suggested  by  Sauin  in  his  patent 
for  the  manufacture  of  solpnur  ttkncide  (Eng. 

Pat.  3278,  11476). 

5.  By  tiw  dialjrna  of  air.  Muiy  attempts 
have  been  made  to  utilise  the  laws  of  diffusion 
of  gases  through  jHirous  septa,  di«ct)vere<i  by 
(  Iraham,  or  th«-  property  of  t^aoutchouc  when  in 
thin  layers  to  allow  oxygen  to  pasa  through  it 
more  readily  than  nitrogen.  Several  patents 
have  Ix-en  taken  out  for  proc<  >;-i>  of  thi-  kiml, 
but  with  no  practical  succctis,  and  the  phcuo- 
mena  do  not  seem  likely  to  lend  themsefvee  to 
the  production  of  oxygen  on  the  Inrcri*  scnh-. 

0.  Belter  .success  has  attended  the  endeavour  ^ 
to  make  use  of  the  greater  aolubifity  of  oxygen 
than  of  nitrogen  in  Wftt4>r  or  other  solvents. 
Mallet,  who  took  out  a  intent  for  this  process 
(Eng.  Pat.  2137.  1809),  compressed  the  air  over 
water.  The  coellicieut  of  solubility  of  ox^'gen  in 
water  is  about  twice  that  of  nitrogen.  Theoxygen  ' 
was,  therefore,  dissolvi'l  iti  greater  pmportion 
than  the  nitrogen,  and  when  the  excess  of  pre»« 
sure  M-as  removed  and  the  dissolved  gases  ex* 
t  rartr  d  by  th<'aid  of  a  vacuum  pump,  the  amount 
ot  oxygen  in  the  gaseous  mixture  was  groator 
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tbau  in  air.  ThiM  mixtun  was  then  ropeatetlly 
cubjeeied  to  the  MMne  trmtment,  when*  After 
ftlMtut  riyht  aljMtrplions,  nearly  witv  tixj-gen  wan 
ubtaioett.  The  follovvinjj  tahk*,  given  bv 
Mallet  (Dingl.  yxAy.  .?.  109.  112).  nhowH  the 
flompodtion  of  the  paHeoos^  miztiire  at  e»ob 
f«t«K<'  «if  the  operation  : — 


Comjioiitlon  after  successive  absorptions 


ftlr|l|£      S  4|6je 

7 

8 

N  =  7J)    i.*;-T  y>  ')  37  r>  2.5-0  15-0  9-0 

6-0 

2-7 

Ob21   33-3  47  5  02-6  TdH)  SfiOjOl-O 

96-0 

»7-3 

Tli»  procoM  was  uiKHi  by  Phillips  in  1871-72 

t«i  oKtain  oxygi'U  for  Iuh  i  xp»ritiHiitaI  li'jhtin^' 
of  part  uf  <.V»lojiTU'  by  special  «)xygen-l»'«i  oil 
lanpa,  but  beyond  tluH  do«B  not  appear  to  have 
been  practically  applied. 

7.  By  the  alternate  oxidation  an<l  do-oxida- 
tion of  cu{'ri>iis  I  hloridc.  thiprous  chloride,  if 
exputfed  to  air,  and  especially  to  moist  air.  is 
oxxfind  to  eopric  oxychloride,  and  this,  when 
h'  tt.  d  to  dull  re<lneHs,  jrivcH  off  oxygcp,  and  ia 
reconverted  int<»  r  upn)UH  chlori<le. 

(a)  2('u,<  1^+0,^21:11^01 '1,. 
(6)  2('u,0(;l^-x2('UtCl.  +  ()^. 

Mallet  obtaiiHHi  patents  (Kng.  Pat.  2934, 
188iS.  and  3171.  lH(Mi)  for  the  practical  ntiltsa- 

ti.'ii  i.f  thi--  iii'-tli'«l  ft«  a  C'liit  iiiui  ni>  |»r<Ki>s  fur 
oblauutig  uxygvti  from  the  air,  but  ii  Iih;*  nut  Uh  ii 
found  economically  available  on  the  large  scale. 

H.  By  thi'  alii  rnnti-  forrii.it  ion  an<l  dccum- 
poaition  •>(  alk^ilaic  n»aiiuuiiule8.  When  an 
oxide  of  manganeiio  i^  mixed  in  suitable  propor- 
tiooa  witb  a  oauitic  alkali  (potash  or  soda),  and 
is  subjeeted  to  the  action  of  air  at  a  ntodefrat^ly 
high  teraperalure.  an  alkaline  inati::anni<-  i- 
formed,  if  tlm  man|{aii»tti  is  then  heated  to  a 
brif(ht-i«d  heat,  and  a  cairent  of  steam  paned 
«i\(  r  it.  it  n  srih.  il  iiito  iti^  original  eonstituent.s 
witii  evolution  of  tixvgi-n  (C.  M.  Teiit*i6  du  Motav 
And  ('.  R.  Mareohal.  Eng.  Pat.  85,  IS66). 
2M«in  I  lN.i()H+O,(air)=2NajMnO^  +  2H,0: 

2Na^.SlnU«  +  2H,0-MnjO,  4  4NftOH-l-30 ; 
]fn/)3+4NaOH+30(air)=2Na,MiiO«+2H,0. 

The  mixt\irc  wai  intn hIuci  <1  into  hori/'>ntal 
roturts,  whicii  were  heated  to  a  duU-r«il  h<«t 
whiia  a  cumalt  of  anr  was  nnsMe<l  through. 
After  oxidation  waw  complete  the  supply  of  air 
was  cut  off,  the  retorts  were  heated  to  a  bright - 
red  heat  and  a  current  of  Hteam  admitte<l  when 
oxygen  waa  evolved.  The  retorts  were  then 
allowed  to  cool  again  to  a  dvil  red.  the  pa.sMge 
of  air  au."4iii  >  ommenc<'d.  aiul  >o  on.  I'lic  mix- 
ture u-ax  Baid  to  undergo  no  deteriuruUun.  and  a 
continuooa  and  very  eoononiieal  method  of 
obtaining  <<xygen  «eeme<l  attaine«l.  Works  were 
ert'ct«l,  and  the  process  earrie«l  out  <in  the  large 
i»cale  at  Pari.s,  Lille,  BruKM'iM.  Vienna,  and  New 
York,  anri  Urge  quantities  of  oxvgen  were  made. 
A  large  part  of  Paris  was  lam  with  a  clovble 
SVHtem  of  pipin;.'  w-ith  the  intent  inn  of  IIl'IiIIiil' 
that  city  w'Uh  the  oxy-hydmgen  light,  and  the 
New  Y«jrk  Oompany  carried  out  by  tne  same  light 
the  lighting  of  the  work.-*  during  the  bnilHiri;: 
»>f  the  Br»K)klyn  bridge.  But  it  vrni*  lound  in 
practice  that  the  mixture  did  deteriornte.  the 
yield  of  oxygen  rapidly  diminiHhing,  and  tiiially 
alrooet  oeaaing.  ^Hiia  was  probably  due  to  tho 


diflicultv  of  nuiintaining  the  intimate  mixture  of 
the  easily. fusible,  bygrosc<ipic  and  very  soluUe 
siKla  with  the  tnan^rnnic  oxide,  the  ffirinrr  srt  f  lintr 
to  the  Uittoni  llauugh  the  combinetl  elfect  ol 
the  heat  and  Ht4>ani  u.s<-d. 

Many  attempts  have  been  ma<Io  to  overooms 
the  diffleultiea  of  the  manganate  prooess. 
Rowman  (Eng.  Pat.  7851.  1890)  claimed  to 
have  overoime  this  difiSculty  by  making  the 
alkaline  naojiianate  in  a  gr^nnlar  form  and 
dusting  over  the  granule^i,  whilst  ^till  in 
a  plastic  condition,  with  oxide  of  cupper. 
Parldnson  (Eng.  Pat.  14925,  1801)  claimed 
improved  modes  of  preparation  of  the  material 
together  with  the  use  of  a  vacuum  in  place  of 

stcniTl  lo  cause  tlie  i  \dlut  inn  ot  the  oxyi^en.  The 

uiangoiiatc  material,  iu  upright  iron  retorts,  was 
heatod  to  about  1200".  and  air  pumped  in  under 

pn's«un^  to  i  fTet  t  oxidiition,  the  pumps  \ven« 
then  nutoniat  i<  ally  reversed  ami  the  oxygen 
drawn  off  under  greatly  reduced  pressure, 
Fanta's  claim  (Eng.  Pat,  3034,  1891)  mainly 
consisted  in  increased  stability  of  the  material 
by  the  use  of  cxc^^^^  ot  caustic  soda,  and  Wcbb'n 
resembled  Bowman's,  except  that  the  pieces  cf 
manganate  material  were  dusted  over  with 
mangane.se  peroxide  in.stcad  of  with  oxide  of 
copper.  In  (Chapman's  process  (Eng.  Pat, 
11604,  1892)  'oxide  of  nuuiganese  (or  the  like) 
in  a  p<(wderi'<l  form  is  kept  sti.si)ende«l  in  fused 
so<la  (or  the  like)  so  that  the  charge  is  practically 
in  the  cimdition  of  a  liquiil.'  and  the  alternate 
supplies  of  air  and  steam  were  driven  into  the 
liquid  at  the  bottom,  thereby  keeping  the  oxide 
in  a  state  of  suspen^iorn  Hut  though  these 
uioditications  have  been  tried  on  the  practical 
floaie,  none  of  them  has  proved  eommenrially 
eonnomical. 

9.  Ka.ssner  (Eng.  Pat.  11899.  1889)  found 
t  liiit  u  iieii  an  intimate  mixture  of  lead  oxide  and 
chalk  is  heated  to  OOU^  in  contact  with  the  air,  a 
eatoium  plumbate  CstPbO^  is  formed.  If  this 
plumbate  i-  then  intnxluced  into  a  solution  of 
potassium  or  sodium  carbonate  it  is  decomposed, 
an  in.solublc  precipitate  of  calcium  carbonate 
.in«I  Iea<l  peroxide  is  ffirmrd,  and  cau'^tie  pifnsh 
or  Kisia  remams  ni  Molulton.  This  is  removed  by 
deoantation,  and  the  precinitate  woshe*!.  The 
precipitAte,  in  which  the  lead  per«)xid«  is.  of 
cwiurse,  thp  setivt!  part,  may  then  either  be  used 
tlirt^ctly  as  an  oxidant,  or  it  may  Is-  introdin  .  d 
into  a  decomposing  vessel,  dried  with  suocr* 
heated  steam,  and  heated  to  about  600°,  when 
oxvgen  is  evolved,  the  mixture  of  lea.!  oxi'le  and 
calcium  carbonut<'  1(  tt  being  then  mwiy  for  re- 
generation. The  deed  in  position  of  the  plumbate 
may  also  be  effected  by  .suspending  it  in  water 
and  treating  with  carlmnic  aoiil.  The  tollowing 
o(iuati(ms  inilicate  the  reactions  taking  pla<?<* : 

2Cn{  •0,-fPbO+0(ttir)=ti»,Pb04 -1-200, ; 
('a,Pb0^  +  2Xa,C03  4-2H,O 

=  4\a()II  :  iCuCOj  I  PbO,; 
2i  •aCO,+PbO,=»2UatU,+ VM^O. 

The  inv«mtor  lajrs  strnwi  on  the  cheapnews  of 
the  profi-.-iH  owing  to  the  (  lu^tii  1  l  i  tjhtained 
Ix'ing  a  valuable  by-produci,  I  he  foniplt  xity  of 
the  pnxi'Hs  and  the  lartje  amount  of  labour 
pTitailei]  \ty  if,  lea\«'  \(ry  little  ihain  e  ot  its  Ix-iiig 
praei  u  iiUy  i»pj»lioablc,  except  jM)ssilily  m  cberiiical 
works,  where  it  is  In  Ix*  used  in  conjinirtitm 
with  the  nianufactuit'  of  caustic  alkali,  and  even 
hero  its  coonomy  is  very  doubtful. 
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^Hie  deoomj^ition  of  the  plunibal(>  into  iinie   required  w&b  therefore  little  more  than  tha: 


and  lead  peroxide  mny  also  be  effected  in  *Uu  bj 

uiean^  of  a  current  of  nioint  fumaoe  gnses  at 
bO^-HX)^,  ajid  the  oxygen  then  libomted  by  rais- 
ing the  temperature.  'J'he  great  changes  of 
tempeiatare,  however,  tbm  involved^  render 
the  method  {mpr&otieable»  and  in  addition  the 
>^ulphur  impurities  in  the  fumaoe  gWMS  lapidfy 


needed  for  atoking  the  fvntace,  and  oiling  and 

supervising  tho  pumps,  &c.  The  oxygeo 
obtained  had  a  purity  of  about  93-96  p.c. 

For  u  produeer  cuiiable  of  (ielivering  10,000 
ottbio  feet  of  oi^a/sn  per  24  hours  the  conmimp- 
tion  of  ooke  in  the  furnace  h  about  12-16  c^. 
per  (lay.  and  for  plant  of  that  i  r  inallcr  t-izf  t?ir 
^  pump  required  is  about  1  I.HJP.  per  ItHKJ 


deteriorate  the  mixture,  ^  »     •  *  .   *  - 

Salauon  (Eng.  Fht.  6553,  1890)  proposea  to  ;  feet  of  oxygen  produced  per  day,  the  ratio  de 

(Ircompope  the  cnlcium  jiluinliatc  without  re-    crrn«irt»  for  larsrer  plants. 

moving  it  Irum  the  pxuduecr  in  which  it  is  It  is,  luctvj^aiy  liiat  the  bariunt  oxich-  sliduld 
formed  by  alloning  the  temperature  to  fall  'to  bo  as  hard  and  as  porous  as  possible,  and  thie 
a  certain  point,'  and  then _uitiodaoing  a  current  \  ia  beet  obtained  by  preparing  it  by  igniting  the 

nitmte.  The  nitnte  rases  and  deoomponti< 


of  pure  carbon  dioxide.  The  following  reaotion 
then  occiirs  : 

Cn  ,rhOt+ 2COs-2CkC»,+PbO + 0. 

This  necessitates  the  use  of  at  least  four  times 
the  volume  ot  carbon  diuxide  aa  of,  uxygeu 
obtained,  a  eondition  which  at  once  pute  the 
process  oat  of  the  question  as  a  technioal  and 


leoomposition 
soon  commences  with  c volution  of  a  mixture 
of  oxygen  and  oxides  of  nitrogen.  This  action 
continues  for  about  2-3  hours,  duri^  which 
time  the  content^;  nf  the  enirihle  remain  in 
ebullition.  A  porous  mass  is  tiu-n  left,  which 
is  heated  for  another  hour  to  complete,  as 
far  as  possible,  the  decomposition.    In  this 


eoonomioal  one.   It  has  been  suggested  that  the  I  way  a  very  hard  but  also  very  porous  l>aryta  is 

quantity  of  pure  carbon  dioxith'  re<iuired  may  be  ohfainrd. 

largely  reduced  by  carrying  out  tho  earlier  part  |  This  process  was  thoroughly  practical  and 
of  the  reaction  by  nieans  of  the  carbon  dioxide  |  eoonomioal,  and  large  numbers  of  plants  were 

in  furnace  gases-,  and  nsing  it  pure  only  at  tho   erected  all  over  the  wurld  and  d  ^lu  <  c-s- 

last.   But  the  drawbacks  so  mtroduced  fully 
neutralise  any  advantage. 

10.  By  the  alternate  formation  and  decom- 
position of  barium  peroxide.  In  1851  Boussin- 
gault  found  that  when  barium  oxide  (han't*) 
is  heated  to  a  dull-red  heat  in  a  oiirrent  of  air 


fully  for  many  years.  It  was  dcH&eiibe-d  in 
detail  with  illustrations  of  plant  in  the  first 
edition  of  this  dictionary  {see  also  K.  S.  Murray, 
Proc.  I.  Mech.  K.  1890,  131  ;  Thome,  J.  See. 
Chem.  Ind.  LS'JO.  246).  Some  plants  are  still 
working,  but  in  the  loist  few  years  the  process 
it  is  converted  into  barium  peroxide,  and  that  at  |  has  been  largely  superseded  by  the  still  cheaper 


a  higher  temi>eratTire  this  jteroxidc  is  again  re 
solved  uito  barium  oxide  and  oxy<:'en.  But  his 
attempts  to  utilise  this  reaction  as  i  | ;  ^  ■.  i  ical  and 
economical  source  of  oxygen  failed  owing  to  i1h 
fact  that  after  a  few  oxidations  and  deoxidatioua 
the  baryta  lost  its  power  of  re-abf.orl)ing  oxygen. 
Many  other  attempts  were  made  to  overcome  this 
difficulty,  but  for  long  without  success.  In  1870, 
however,  tho  MM.  Brin  freres  \\t?ix-  more  ^ucceps- 
lui,  and  Lixik  out  a,  patent  lor  the  process  (Eng. 
Fat.  1416of  1880).  Further  improvements  were 
made  under  the  uusjiici-s  of  the  company  formed 
to  develop  and  work  the  pdteuLs,  aiid  ihu  process 
was  made  practical  and  economical,  and  was 
worked  on  a  laige  scale  at  various  pUces. 

The  permanence  of  the  baryta  is  mainly 
dependent  on  its  pliysical  condition,  the  u-c 


liquid  air  process,  which  also  produoea  oxygen 

of  greater  purity  (v.  infra). 

Cost  of  production.   It  is  very  difficult  to 

obtain  data  of  the  cost  of  prodnction  of 
oxygen  under  the  earlier  methods  described, 
hut  tho  following  figures  probably  approxi- 
mate to  the  cost  per  1000  cuhio  feet : — from 
chlorate  8f.-14W.,  from  nyrolusite  41.'^ ;  from 
sulphuric  acid  2/.  10«.-3i.  (pn>lwiM\  ln'j.du  r  wlien 
only  the  oxygen  and  not  the  sulphur  dioxide  ' 
is  utilised);  hy  the  Tessi^  du  Motay  process 
3/.-4/.  :  by  the  Brin  prorep?  "3.-126.  No 
authentic  data  of  the  cost  ot  producing  oxy- 
gen by  dialjsis  or  by  solution  in  water  are 
obtainable,  but  it  would  probablv  be  at  Uati  as 
high  88  that  by  the  Tessifi  du  Motay  prooeas. 
Ill  llif  Ka:--.ni  r  imx-tss  the  <<ist  dl■]^t■nd^  largely 


of  reduced  pressure  during  deoxidation,  and  on  the  amuunt  realised  by  the  sale  of  the  caustic 
consequent  avoidance  of  excessively  high  tern-  '  alkali,  but  would  certainly  be  prohibitive  for 

perntnre^s,    and    the    careful    puriGcation    of  technical  pnrjo.-es.    F^r  cost  by  the  lipoid  «ir 

the  air  u»ed.    it  was  found  possible  to  dispense  and  electrolyais  proccsbcs,  v.  infra. 
with  change  of  temperature  in  the  reaction.        Properties. — The  Litemational  Comnn*ttce<  n 

change  of  preesure  being  alone  trusted  to  for  Atomic  Weights  has  now  adopted  ():=16  as  the 

determining  the  respective  phases  of  oxidation  standard  of  compauson  fur  all  atomic  weights, 

and  deoxidation.    rs(if!»er  the  oxidation  nor  and  under  thiH  scale  H  =  1008  (1-0076  Morley). 


the  deoxidation  is  as  complete  as  when  two 
temperatures  are  used,  and  the  yield  per  opera- 
tion is  much  hp  .  T?ut  tlio  duration  of  the 
operation  was  tx-dueed  frum  about  4  hours  to 
8-10  mins.,  and  the  total  daily  yield  therefore 
largely  inoreaftetl.  At  the  same  time  the  opera- 
tion was  much  siraphfied,  the  wear  and  tear  of 
funiae(,  n  tori-,  &c.,  very  greatly  reduced,  and 
the  fuel  required  lessened.  Labour  was  also 
eoonomised.the multiplied  reversals  of  cocks.  &e., 
necessitated  by  th-  singIe-temp<Taturc  method  of 
working  being  ctiecteu  automatically  by  revers- 
ing gear  desipied  by  K.  S.  Murray,  The  labotur 


Ox3»'gen  is  a  colourless,  tasteless,  and  inodorous 
gas',  of  sp.gr.  1  1056  (air=  1 ) :  at  and  760  nmu 
pn-.sure  a  liiM  (if  til'-  weighs  1'429  grma. 
(1-42893  at  0  and  7tK>  mm.,  and  0-29071  grms. 
at  1067*4°  and  7(50  mm.,  Jacquerod  and  Perrot, 
Compt,  rend.  HHm,  140.  1642),  and  at  .'id  ins. 
pressure  and  l.">-,'/  100  cubic  iuo.  wejgii 
grs.  1  grni.  ot  oxygen  measures  0-6997  litres 
and  i  lb.  11-84  ft.  Oxygen  also  occurs  in  an 
active  allotropio  form  called  ezoffs,  which 
is  treated  of  in  a  separate  article  (f.  OzoXE). 

Oxygen  normally  act^as  a  divalent  elem^t, 
but  in  many  eompounds»  especially  in  many 
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organic  compouiiiLi  liaviiig  ^omowl.ai  baaic 
coiracteristics,  acts  as  a  tetrad.  When 
examined  through  vory  thick  and  highly  com- 
presBcd  layers,  gascoiM  oxygt'n  has  a  slight 
blue  liiige  of  c<jK)ur.  It  is  sparingly  soluble  in 
\^'atcr.  Aii  with  all  gaaea,  the  quantity  of 
oxygen  diaaolved  by  irater  depends  hn  the 
tc-iuiion  of  the  oxygen  in  the  atmosipheiT  in 
contact  with  the  water.  Thus  pure  water 
shaken  up  in  contact  with  pore  o^^gea  w-ill 
absorb  nearly  five  times  an  much  oxygen  as  it 
would  when  shaken  up,  at  the  same  temperature 
and  undir  the  same  p^(•^^.sll^■,  with  uir — which 
only  oontains  20-9  p.c.  by  volume  of  ojgrgen. 
The  foUowing  taUe  gives  the  ooeffloienite  of 
aolubility  (i.e.  the  vcdunif  of  oxy^vn  absorbed 
by  one  volume  of  water  wh<  ii  shakcu  up  with 
pureosygen  under  760  mm.  pre&bure)  at  different 
temperaturee  determined  by  different  ob- 
servers : — 


Coefficient  of  solubility 


0"C.i  o-Oill  '  — 
10^    0-0826  0-0S83 
W  Ivwt  0-0812 
MP  !    —    I  — 
40P  ,    —  ^ 
60f»      —  — 


00877 
0*0806 


0-0480 
0*0380 
0-0310 
0-0262 


0  0400 

0-OSOO 
0-0817 

0-0268 

U-(  '2:53 
0*0207 


0-0402 
0-0384 
O-0S14 

0-0267 

0-0233 
00200 


These  numbers  multiplied  hy  1000  give  at 
once  the  number  of  c.o.  oxygen  absorbed  by  a 
litoe  of  water  from  pure  oxygen. 

The  older  ntimbers  of  Bunsen  appear,  from 
the  results  of  more  recent  observtra  with  more 
delicate  apparatus,  to  be  rather  too  low. 
Winkler  gives  the  following  formula  for  calcula- 
ting the  coefiScient  of  solubility  {$)  of  oxygen  in 
water  at  any  temperature  (<). 

^»(H)4880-0-0013413(+<HN)00283f3 

— 0'0OU0002»oa4<*. 
Fox  (Trans.  IW.  Soo.  1009,  [▼.]  00-81)  gives 
the  iormnhi : — 

/B^O-O4a24-0-0018440f+OK)00028762(* 

-00000003024/s. 

The  coefficient  of  soluliilitv  of  oxvpen  in 
alcohol  at  is  0  2337  ;  at  20''  it  is  0-2201 
(Timofe jcfl),  so  that  oxygen  ie  mneh  more  soluble 
in  alcohol  than  in  water. 

Nearly  all  natural  waters  eontaht  oxygen  in 
polulimi  ami  can  only  he  freed  therefrom  by 
prolonged  tA^iiing  in  mcud.  This  dissolved 
oaygen,  though  small  in  anMnint»  is  the  eouxoe 
from  which  fish  obtain  the  oiygea  neoesBaiy  to 
sufeluiu  life. 

The  solubility  of  oxygen  in  sea  water  at 
16*^  is  about  7H  p.c.  of  its  solubility  in  pure  water 
(do wee  and  Biggs). 

Oxygen.  thou^Oi  longrcgartled  as  a  [)erinanent 
gas,  was  liquefied  in  1877  by  Pictet  at  a  pressure 
of  320  atmospheres,  and  a  temperature  of  — 140°. 
Cailleti  t  In  f  a  ft  w  ila\s  )ir(  viously  observed 
the  foritiiitiun  of  a  mist  duo  to  liquefaction  when 
Q»gea  at  —20*  nwter  a  preaeuie  of  900  atmo- 
spheres  was  allowed  to  expand  suddraily. 
Oliwwski  in   1883  showed  that  the  critical 

li  nij)'  raturr    of   oxygen    {i.r.    tlic    IciniM-rat  urr- 

above  which  no  amouiil  of  pressure  vrill  liquefy 
it)  is  — 113*,  the  prsssuM  needed  to  liquefy  it 


at  that  temperature  being  50  atmospheres, 
and  this  \vtL>i  con&nned  by  WroUowski  and  by 

Dewar  in  1886. 

Liquid  oxygen  i.H  a  pale  steel-blue  transparent 
and  very  mobile  liquid  sliowin^'  a  clear  meniscus 
(l>ewar;  Olszewski)  boiling  at  —182*5  at  760 
mm.  piessnre.  When  the  pressure  is  reduced 
or  removed,  evaporation  takes  place  so  rapidly 
that  u  part  of  the  oxyL^i  n  \h  often  inizaii. 
Solidification  takes  place  u:  I  r  0  mm.  pressure 
at  -211-5°  (W.),  under  172  mm.  at  -219° 
(Dewar,  Roy.  8oc\  Froc.  1911,  85,  589).  This 
latter  temperHiuie  ih  th<3refore  the  lowest 
obtainable  by  the  evaporation  of  liquid  oxygen. 
Traven.  £Bnter  and  Jacquer<Ki  (Proo.  Boy.  Soe. 
1902,  70,  484)  found  the  h.p.  of  oxyj^en  to  be 
—  182-8'^^  at  760  mm.,  —185  at  tiO<Jnim.,  —  188-fi* 
at  400,  and  108*8P  at  200  mm.  l>ewar  ob> 
tiiinetl  solid  oxypen  as  a  hard,  pale-blue  mn.m 
by  cuoiiiig  liquid  us_\geu  ui  a  bpray  of  liquid 
hydrogen.  It«  m.p.  is  —219"  under  a  pressure 
of  I>12  nun.  The  density  of  liquid  o»geii 
is  MISl  at  -18S-d*,  1*1700  at  -lOS-fi", 
1-2386  at  —210-5°,  and  that  of  soliil  oxygen 
1*4266  at  —252-5^  (Dewar)  corresponding  to  the 

fneml  Ibnnula  (for  liquid  and  soIm)  <fas 
5154-0  00442T''  (where  T=-=abi,ohite  tcmi)era- 
ture).  781-8  volumes  of  »)x\  u-eu  at  0"  and  760 
mm.  are  containcJ  in  1  v(duiue  of  liquid  oxygen 
at  —182-5°.  The  latent  heat  of  vaporisation  of 
liquid  oxygen  varies  with  the  temperature 
(All),  Ht  7G0  mm.  pressure  (i.e.  —182-5°)  it  is 
50-97  cals.,  at  -205^  it  is  55  5  cals.  The 
speoifio  heat  between  —200"  and  —183**  i« 
0-347±0-014.  Tl)e  vapour  density  at  —182°  is 
normal.  The  refractive  index  of  liquid  oxygen 
is  1*2236.  Liquid  ox>-gen  absorbs  nitrogen 
readily,  abnorbin;:  at  -190-6°  380  times  its 
volunie,  or  42  p.c.  of  its  weight  of  gaseou.<J 
nitrogen,  the  b.p.  being  tin  rel)y  reduced  t(j 
—188*8°.  This  was  probably  the  cause  of  the 
discrepsnoies  in  the  ft)iling-i)oint«  given  by  the 
i  julier  observers.  Liquid  oxygen  is  a  very  per- 
fect insulator,  and  is  also  comparatively  inert 
in  ite  chemioal  pioperties.  FbMphorus,  potas* 
sium,  sodium,  Ac.,  may  be  immersed  in  it  with* 
out  any  action  taking  jilucc  (JJewar). 

When  liquid  oxygen  is  subjected  to  the 
action  of  strong  light,  and  partioulariy  of 
the  ultra-violet  rays,  some  of  n  is  eonverted 
into  ozone  (^)t■^\al•).  It  is  diathernianous,  a 
nou-conduotor  of  electricity,  but  is  strongly 
magnetic,  its  magnetic  moment  being  1  when 
iron  is  taken  as  1000.  The  mapiefic  E^ufcepti- 
bility  of  liquid  oxygen  at  tlic  Iret  ziug-poinl  is 
1*3  times  as  great  as  that  of  the  solid.  Its 
susceptibility  is  diminished  or  temporarily  sus- 
pended by  elevation  of  temperature.  Oxygen 
is  the  least  refractive  of  all  ^^ases ;  it  givi-s  a 
cbaraoteristio  though  not  very  strong  absorption 
spectrum,  but  to  obtain  this  it  is  necessary  to 
view  the  ^niiree  of  lipht  throneh  preat  thieknesse.-^ 
of  hquid  iir  tlirougii  the  highly  compressed 
gas.  The  s|>cctrum  first  appears  in  the  lom  of 
a  fnmilii  i  of  imv  line-,  but  as  the  pressure  is 
inert  a.Htd  or  a  layer  of  hquid  oxygen  is  employed, 
it  show.s  a  number  of  broader  and  .shaded  dark 
bands,  with  almost  complete  absorption  in  the 
violet  and  ultra-violet.  Six  absorption  bands 
h  ivi  Ix'en observed,  twn  in  (lie  r-  d  .rn  sponding 
to  the  A  and  B  Frauuhof cr  lines.  1  he  a  ijisorption 
speotnim  of  liqpiid  oxygenis  praotioally  idontieal 
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\nth  that  of  gaseous  oxygm.  Oxygc-n  abows  a 
luminotu  speotram  in  a  l^issler  tube  oontaining 

ii  liriiiht  V»an<l  in  the  ri  'J.  two  iti  Ihn  rrxt^vn.  nn<\ 
onv  III  till'  blue,  but  the  HjK-clruui  vanes  under 
varying  ciiiiilituiiis. 

The  chemical  activity'  of  air  depends  uiKin 
the  oxygen  it  contains,  air  being  nimply,  in  it» 
chenucftl r«  lat i<m-j,  dxy^cti  diliitcd  \vith  nitini/i-n. 
Free  OJQrgtiu,  whether  diluted  with  nitrogen  or 
not,  nuuiifeats  oooaideisble  ehemical  activity, 
even  at  iinlinary  temperatures,  this  activity  in- 
creatiing  with  rise  of  temperature.  There  are 
only  few  elemento— viz.  tluorine,  ohknioe, 
bromini-.  iodine,  silver,  gold,  platinum,  neon, 
argon,  and  liiUum — which  do  not  unite  directly 
with  oxygen.  Most  of  the  non-metallic  element* 
unite  vrith  oxygen  to  form  anhydrous  aoida. 
Of  the  exceptions,  hydrogen  forms  a  nentnl 
(ixidr  (\\;it*T),  U'liil.st  no  uxidi-s  of  flm •riiie,aigon, 
ueon,  or  helium  have  yi  t  In  vn  ulitami  d, 

IlloaidlOIIUl  combines  with  oxygt-u  at  urdi- 
narv  temivrntitrr-',  as  do  also  iiKii.-<t  iron,  moist 
lead,  rnoml  liiivv-dusL,  and  raauy  ujetallic  com- 
pounds such  as  cuprous  chloride,  manganous 
nydroxi4e, ferrous hydiDZide»  &c.  Tliis oxidation 
at  ordinary  tcmperaturea  is  called  avkaidaiion, 
and  .sulistaiu'i'.-  \iiid«Ti;i.>ing  autoxidat  ion  dtti  n 
induce  the  oxidation  of  other  substances  pr^'nt 
which  otherwise  would  not  oxidise  spontaneously. 
The  nlknli  metals,  especially  '^  I'  i  Irura,  ore 
e.spt'cially  active  in  this  way.  Jti  iiutiiy  cases 
OConc  is  simultaneously  produced.  Ligli(,  and 
(mrticularly  sunlight,  greatly  asiuMts  oxidation 
by  gaseous  oxygen.  Potassium  and  sodium  are 
at  once  atfackfd  l>y  dry  oxy^jen  at  or<!inary 
temperaturei(,  becoming  coated  with  their 
respeetive  mddes.  The  majority  of  metals 
remain  hritrht  under  similar  conditions,  but 
many  become  oxidised  when  moisture  is  present. 
In  some  of  the  metals  oxidised  by  exiwsure 
to  air  the  first  coating  of  oxide  forme<l  acts 
as  a  protective  covering  and  prevents  further 
oxidation,  a>  is  tlu-  case  with  lead.  In  nilirrs, 
however,  the  oxide  hrst  formed  gradually  be- 
comes  converted  into  a  hii^her  o^e  and  may 
tlirii  'y'wp  up  part  of  its  ftxygen  to  thf  inctal  in 
coiitaci  with  it.  ajid  the  oxidation  is  thuh.  propa- 
gated through  the  mass  of  the  metal.  The  rust- 
ing of  iron  is  not  a  simple  case  of  oxidation  (t;. 
Rust).  Some  metals  which  in  their  ortlinary 
condition  arecom{)aratively  int  1 1  to wartls oxygen 
combine  with  it  readily  at  ordinary  temperatures 
when  they  are  in  a  finely  divided  state,  offering 
a  very  Inr;:'''  surface  for  rhomiral  ar  t  ion.  Tliu- 
leatl  or  antimony  when  obtained  by  tlu-  iguiUun 
of  their  tartrates,  and  inni,  nickel,  cfibalt, 
and  copiKT,  when  reduced  fn)ni  their  precipitated 
oxides  in  a  cumnit  ()f  hydrogen  at  a  low  leni|KTa- 
ture,  all  ignite  sixmtaneously  in  contact  with 
air  or  oxygen,  and  when  in  this  finely  divi(le«l 
state  are  therefore  often  termed  pi/rophori. 
Silver,  gold,  and  |>l;Uinnni  ari'  n^t  ini(<l  on 
directly  by  oxygen  at  an}'  teii»fj<  ruturt'.  Some 
metals  in  a  molten  state  al>sorb  considenible 
quantities  of  oxygen  which  is  given  out  aeain 
wholly  or  in  part  when  the  nietnl  solidities. 
!(►  grms.  of  molten  silver  at  1020  absorb  about 
20  o.e.  ox^'gen  {v.  Dounan  and  bhaw,  J.  Hoc. 
Them.  Ind.  1910,  987). 

Molten  platmum  and  palladium  dI  o  ribw)rb 
oxygen.    Heated  at4W  silver  gradually  abborlw 
ccaude*)  about  5  times  its  volume  of  oxjge&t 


gold  35-45,  platinum  65-75,  and  palladium 
about  800  (7  p.c.  by  weight).  Platinum 
tilaok  ahsnr!>s  alknit  times  it-s  volniuf  of 

oxygen  and  pulladium  simnsre  1000,  ot  winch 
the  whole  is  not  given  again  below  a 
red  heat.  Wood  charcoal  absorua  oxygen  at 
ordinary,  temperatures— abtmt  18  times  its 
volume  (Goldstein)— but  this  absorptive  jHJwer 
inoreasos  enormously  at  very  low  temperatures. 
At  —185*  1  0.0.  absorbs  230  c.e.  of  oxygen 
with  the  evolution  of  34  (  al>..  anil  tin?  action 
may  be  employed  to  produce  an  oxygen  vacuum, 
the  pressure  being  reduced  to  that  of  a 
Ueisaler  tube  (Dewar). 

The  activity  of  oxygen  is  increase<l  greatly  by 
increase  of  tempt*rattire,  and  with  most  sub- 
stances (except  under  the  conditions  already 
mentioned)  an  initial  heating  is  neoeesary  to 
start  free  oxidation,  the  licaf  cvolv< d  during 
oxidation  being  then  sufficient  to  maintain  it. 
Thus  iron  heated  to  bright  rednes.'t  in  an  atmo- 
sphere or  stream  of  nxyi^en  takes  lire  and  bums 
brightly,  A  mixturi'  of  oxygen  and  hydrogen 
may  be  kept  at  ordinary  temperatures  for  any 
length  of  time  without  change,  but  if  the  tem» 
perature  of  any  part  of  the  mixture  be  raised  io 
I'fight  mlness-'  v\ih>'r  liy  tin-  drctrle  syiark.  hy 
the  presentation  of  a  11a me  or  by  other  mean.'* — 
ignition  at  once  takes  place  with  explosive  force 
throughout  the  whole  mass.  I'ikIci  certain  cir- 
cumstances, however,  this  eonibitiutiou  juay  l>c 
effected  at  ordinary  temiHratures.  Thus,  if  a 
piece  of  clean  platinum  foil  be  hung  in  the  mix- 
ture, combination  takes  place  gradually  at  ordi- 
nary temperatures.  I'lii-  a|)|«ai>  to  he  <luc  (o 
the  power  possessed  by  palkdium,  jjlatiniun, 
and  some  other  substances  of  oondnudng  gaaea 
and  esj)ecially  hydroci<  n  r,n  their  surface.-*,  the 
activity  of  the  gases  so  coudensetl  being  thereby 
OTeatly  inereased.  If  platinum  or  palladium 
black  or  sponge  is  used  instead  of  foil,  the  action 
is  so  much  increased  that  the  heat  evolved  in 
the  combination  soon  raises  tlic  1« mpi  latur-  of 
the  metal  to  the  ig^tion-point  of  the  gaseous 
mixture,  and  ordinary  combustion  ensues.  This 
clTc(  t  has  Ikm-ii  taken  advantat:*'  of  in  the 
Uubtreimr  luiii}.  (named  attci  the  mvestigator 
who  hrst  noiMid  tliis  proiwrty  of  phtinnm) 
when  in  a  jiin  .■  (.f  sp<)ngy  platinum  is  ailft> 
pendcd  over  u  jcl  cotniected  with  an  automatio 
hydrogen-generating  ves-sel.  When  the  tap  is 
tiimedon,  thejetof  hydn^n  becoming  mixed 
with  air  and  at  the  same  time  impinging  on 

th<'  spongy  platirnini,  o\;dalioii  lake-  place 
rajjidly,  the  ])latinum  soon  U^^toiuc.^  reti  iun 
and  ignites  the  jet  of  hydiogen.  Similar  idfoota 
are  pnxlurrrl  \sith  o^^en  (or  air)  and  ^uwous 
hydr<Harh(.nii-:. 

Variotis  substances  which  exjxjst;  largr  ^■nI■■ 
faces  to  air  (or  oxygen)  become  gradually  huati^d 
t  hrough  slow  oxidation  or  combustion,  and,  if 
the  heat  eannr.1  1  ii  way,  ignition  eventually 
occurs.  Thus  oiiy  or  greasy  woollen  an<i  cotton 
raps  and  refuse  are  capable  of  absorlnng  oxygen 
fairly  rai)idly.and  if  jiresent  in  any  quantity  tho 
iuat  ])ro<lueed  may  accumulate  and  cattse  spon- 
taneous eombuHtion,  and  this  action  is  a  not  in- 
frequent cause  of  firea  in  factories.  A  similar 
generation  of  heat  and  eventtial  'spontaneous 
combust ioi I  '  nft.  n  arises  fn mi  thf;  ritijr  of 
moist  hay  in  hayrick;^,  and  from  the  storage  of 
damp  coal  in  ships  or  heaps.  The  aUe^tion 
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(hat  llic  ignition  of  coal  is  duo  to  the  oxiil.iliim 
of  p^ritca  lia8  been  tlisprovwl  by  tho  wurk  of 
Kichtcra  and  Lowes,  who  have  .shomi  that  tho 
beat  ifl  geoenled  by  the  Abeorptioa  of  oj^gcn 
•nd  its  action  on  the  tritnnmiotiB  oonBtituents 
of  flio  toal. 

Dixon,  Baker,  Traube,  and  others  have 
Amwb.  that  even  at  high  tempefatum  the 
presence  of  a  trace  of  moisture  is  necessary  for 
free  oxidation  (combuistion),  and  that  in  abw>- 
lulely  <irv  oxj-gcn,  sulphur  and  phosphorus  can 
be  distilled,  and  carbon  made  r^-hot  without 
oombnatknt  taking  place.  A  jet  of  buminj?  dry 
carbon  monoxiui-  ih  even  cxtincuishe'l  wlun 
introduced  into  pure  and  absolute^  dry  ox^'gen. 
The  preeenoe  of  the  mhratest  tiaoe  of  noifltnie 
is,  huwever,  ral&oient  to  reetore  to  oxygen  ite 
activity. 

In  ordinarily  dry  oxygen  all  substances  which 
bom  in  air  bum  with  much  greater  brilliancy, 
and  many  substances  which  do  not  bum  in  air 
bum  vividly  in  oxygen.  Thus  iron,  zinc,  etc..  if 
the  iguitioQ  is  started  by  a  portion  being  raisod 
to  a  white  heat  in  an  atmospnereof  oxvgen,  ocm* 
tintic  to  Iturn  with  ^rn-at  lirilliancy  ana  with  the 
evulutiua  of  a  vi-ry  high  temperature.  The 
actual  amount  of  heat  given  ont  during.'  t  he  com- 
plete oxidation  of  any  8ub«tance  is  the  .same 
whether  the  combustion  is  slow  or  rapid,  and  is 
carried  on  in  air  or  in  oxygen.  But  it  is  quit*" 
different  in  regard  to  the  temperature  deveioped. 
this  depending  on  tiie  eoneenttation  of  the  heat^ 
aiu!  M(  Im  infT  higher  the  morv  rapid  the  combus- 
tion and  tho  less  extraneous  matter  is  present 
to  absorb  the  heat.  Thus,  iriien  pbosphoms  id 
burned  in  oxyecn,  tho  temperature  produced  i.s 
very  high,  and  the  cuiubustion  takes  place  with 
dazzling  brilliancv.  The  temperature  of  a 
hydragm  or  a  ooal^gas  flame  bonung  in  o»^gen 
is  very  oraeh  hi{^er  than  lliat  of  a  simiUr  name 
burning  in  air.  Tho  temiieratun-  of  ;i  flame  of 
hydrogen  burning  in  oxygen  is  2800":  of  carbon 
monoxide  2A00'' ;  and  of  acetylme  9000".  These 
Hfcctf!  havr  txH'ii  utili^»-<l  in  the  con»)tntrtinn  of  the 
oxy-hydrugeii  aud  oxy-act'tylciif  biow-pipcs  for 
obtaining  very  high  temperatures  (r*  infm).  If 
eoal<«ft8  is  substituted  for  the  hydrogen,  a  very 
hot  mme  is  .<?till  obtained,  hut  the  temp^- 
tare  is  not  a.'<  ^reat  as  when  hydrogen  !■< 
cmplovud.  16  grms.  of  oxygen  oombiuing 
with  hydrogen  to  form  water  evolve  68,400 
eals. 

Oxygen  is  the  only  gas  capablo  of  8Upi)orting 
respiration,  and  forms  the  lite>maintaining  con- 
stituent of  air.  In  the  pure  state  it  may  Ijc  in- 
haled for  a  time  ^\ith  impunitv,  and  actn  as  a 
mild  tonic  or  exhilarant.  But  its  long-continued 
respiration  is  harmful,  leverishness  and  weak- 
ness beinf^  orodnced ;  and  it  becomes  poisonons 
if  brrfttho'l  unrler  pressun'.  T)r.  Richanlson 
kept  a  rabbit  in  an  alrnosplien?  of  pure  oxygen 
at  a  temperature  of  23  9°  for  3  weelOB.  It 
•to  voraoiou^ly  all  the  time,  but  lx>came  so 
emaciate<l  from  inability  Uj  as.similn(e  new 
material  fast  enotigh  to  supply  \vastc  that  it 
found  necessaiy  to  discontinue  the  experi- 
ment. At  T'S"  the  rabbit  became  speedily 
narCTitised,  and  would  have  died  luvd  it  not 
removed.  Kichardson  found  that  cold-blooded 
animals  were  very  little  afTeeted  by  Uung  intru- 
dticfd  into  an  atmo.=?phen'  of  oxygen,  whilst  mo8t 
warm-bWded  animals  (dogs,  catii,  guinea-pigs. 


&c.,  but  not  the  rabbit)  speedily  showf<l  stronrr 
febrile  symptoms  (i\sckpiad  ibST-HU).  ^mu 
observers  have  noticed  very  <leeidc<l  lumotio 
efieots  nroduoed  on  animals  under  diese  oondi- 
tions,  bnt  Riohardson  ascertained  that  this  is 
due  to  the  owj^eu  KeLoniin^r  vitiated  by  rfj)ontc'd 
iuhaiatioiis.  He  iuund  that  M'hen  tho  same 
oxygen  was  used  over  and  over  again,  although 
purified  from  carlx>ni(;  ficid,  &c.,  by  passage 
over  caustic  potai>h,  iiulphuric  acid,  &o.,  the 
animals  became  speedily  narcotised,  bnt  that 
wheti  a  oontinuotts  stream  of  fresh  oxraen  was 
employed  this  was  not  the  ease.  This  *de> 
vitali>iii|,'  '  of  the  oxygen  appears  to  he  due  to 
traces  in  the  exhaled  gaaes  of  some  compound 
which  is  not  removed  by  the  (ndinary  methods 
of  purification.  The  electrir  dischnrpo  very 
quicJily  re-vitalised  the  vitiuleii  oxygen.  Flesh 
M'as  found  to  ^toooMpoao  more  readily  in  devita- 
1  ised  than  in  pure  oicygen.  At  low  te  mperatures, 
and  at  very  high  ones,  however,  oxj'gen  is  de- 
ci(l<'dl\  nareotie  in  its  effect. 

But  although  in  health  the  continued  inhala- 
tion of  nearly  pure  oxy  gen  is  detrimental,  its  me 
where  the  action  of  the  lun;.'s  and  heart  is 
sluggish,  as  in  casei>  uf  partial  i^utfocation,  of 
ool£^[tee  m  ofaolera,  pneumonia,  and  other  ill- 
nesses, is  very  valuable,  and  has  been  the 
means  of  saving  nuiny  lives.  It«  use  in  cases  of 
cyanosis,  gout,  dial)etes, &c.,ha8  also  b<>en  f.nmd 
advantageous.  Wounds  and  sores  are  said  to 
heal  more  rapidly  in  an  atmospiierB  of  o^ffen 
than  in  air,  and  it  baa  been  largely  used  in  wis 
connection. 

Methods  of  testing  and  ttUmation. — The 
readiest  test  is  the  property  posscfised  by  oXA  jirn 
of  motlerate  purity  of  re-kintlling  a  glowing  .splint 
of  wootl,  a  property  only  possessed  by  one  other 
gas — via.  nitrous  oxide.  When  mixed  with 
oolonrless  nitrie  oxide  gas,  oxygen  prodnoee  dee)> 
reddish -lirown  fumes  of  nitne  j'K;r'>.\ide.  whilst 
nitrous  oxide  does  not.  Citrous  oxide  is  also 
much  more  soluble  iti  water  than  oxygen. 

White  indi;^o  ahsorf)S  oxygen  raj)idl\,  at  the 
same  time  tuining  blue.  I'ur  general  purposes 
of  estimation,  however,  one  of  the  three  foUoW' 
ing  metliods  is  general^  used  is— > 

1.  A  solution  of  euprous  ohloride  in  hydro* 
elilnrie  aeid  (uhieli  is  eolonrless)  absorbs  <>.\\gen 
rcaddy  with  formation  of  cupric  oxy-chloride. 
The  greenish- broAvn  solution  of  this  salt  ma^ 
be  Again  redvoed  by  keepuig  oopper  foil 
in  it. 

2.  An  alkaline  solution  of  p\TogaUoI 
ab^rbs  ox}'gen  freely,  forming  a  dark-brown 
liquid.  Good  restdts  are  obtamed  by  mixing 
45  C'.e.  of  a  25  p.c.  sohition  of  jnrogallol 
(prepared  by  dissolving  60  grms.  iu  180  c.o. 
water)  with  146  e.o.  of  00  p.e.  solution  of 
caustic  potash  fprepareil  liv  dis-idvini;  4()<l  :j:rm>. 
ordinary  stick  |>ola.>5h  in  e.c.  water).  2tK> 
c.c.  of  this  solution  will  absorb  nearly  two  litres 
of  oxygen,  but  it  is  better  not  to  push  the 
al)sorption  beyond  about  450  c.c.  as  tuen  more 
or  less  carlx>n  monoxide  may  be  furmed. 
Carbon  monoxide  is  nl.so  sometimes  formed 
when  the  percentage  of  oxygen  in  the  gas  being 
tested  exceeds  about  30  per  cent.  Clowes 
(J,  Soc.  Chora.  Ind.  15,  170,  742)  recommends 
the  use  of  a  very  large  (■x(M'i<.s  of  potash  to 

revrnt  t!ie  formation  of   carbon  monoxide, 
e  advisees  ItA)  gtuis.  potat>h  dis.'^jlved  m  130  c.c. 
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water,  and  10  grma.  pyiogftUol  Added  to  the 
allnline  Uqnid. 

'I.  ("li  jiii  moist  copper  alisorlis  oxygen  frfclj', 
but  u  skill  ut  3ub-oxide  rapidly  Airiued  over 
the  copper,  which  prevents  further  oxidation. 
An  ammoniacal  solution  of  ammonitun  (uriKni- 
ate,  however,  readily  dissolves  this  Bub-uxiUc 
again,  leaving  the  clean  copper.  To  utilise  this 
reaotioii  for  analvsis  a  suitable  AbBorotioiii  vessel 
ia  packed  with  ftie  copper  vire  ana  Uien  filled 
with  a  solution  composed  of  equal  volumes  of 
ammonia  of  ep.gr.  0-930,  and  of  a  saturated 
solution  of  eommerotal  ammoniiim  carbonate. 
When  the  gas  in  which  thr-  oxypcn  is  to  he 
estimated  is  introduced  into  the  vessel  and 
dwplaeeB  the  liquid,  a  large  surface  of  clean 
copper  is  eanoosed,  and  the  oxygen  is  rapid  Iv 
absorbed.  When  iho  residual  gas  is  removed, 
the  liquid  again  fills  ihv  ve,-i.<el  ;in<l  di.ssul vcs  the 
8ubH>xide  of  copper  formed,  leaving  the  copper 
clean  for  the  next  aaalyna.  90O  o.o.  of  tliis 
solution  will  dissolve  the  oxide  formed  by  the 
absorption  of  about  4  litres  of  oxygen,  but  it  is 
advisable  to  renew  it  after  the  aijsorption  of 
about  3  litrett,  as  otherwiHC  a  good  deal  of  a 
ycllowi«h-b^o^\^l  precipitate  (probably  an  am- 
monia-copper eompound)  forms  which  rendrrs 
the  renewal  more  troublesome.  A  little  (xoeh 
copper  wire  must  be  occasionally  added  as  that 
in  the  vessel  pi-ls  iHcd  up. 

for  all  tiiuso  tests  HemiX'ls,  Orsat's,  or 
Stsad's  apparatus  {see  Analysis)  answer  well 
for  all  but  tlie  mof-t  delicate  determinutionH. 
With  these  au  oxygen  determination  can  easily 
be  made  in  10  niins. 

If  the  first  method  is  employed,  the  gas  after 
absorption  must  be  freed  fiom  hydrochloric 
aeid  Iiy  means  of  j>otasli. 

The  property  »if  pliosphorus  of  absorbuig 
oxygen  at  ordinary  tenqieratoree  is  also  some- 
times used  for  .malvtiml  pMrprtse?^,  Imt  thi.^  is 
not  a  generally  eonvt  uieut  meiho^i.  A  hydro- 
chloric acid  solution  of  chromou.s  chloride  or  an 
alkaline  solution  of  ferrous  tartrate  may  also  po 
employed. 

Applications  of  oj  V'/oi.  0^^•gen  has  been 
useil  successfully  to  maintain  the  air  in  a  re- 
spirable  condition  in  places  where  it  can- 
not bo  replaced,  as  in  ni vine -Hells,  submarine 
vessels,  &c.  Its  use  hati.oltcn  been  suggested  hi 
connection  with  the  ventilation  of  large  halls, 
tlK  .itre.x,  &0.,  but  the  cost  has  hitherto  proved 
t^io  trrcat  for  it«  adoption. 

It  is  employed  in  (onjunction  with  hydrop,'f n 
or  coal-gas  to  produce  the  oxy-hydrogen  and 
oxy-coal-gas  flames  in  iribich  platinum  can  be 
melte<l.  silver  tllHtilled,  See.  One  application  of 
these  flnnioH  i»  in  the  protluction  ol  the  Drum- 
mond  or  lime  light  where  the  intense  heat  of  the 
Hamo  is  made  use  of  to  raise  a  lime  cylinder  to 
a  white  heat  and  thus  obtain  an  inteuivoly  vivid 
source  of  light.  The  oxy-hydrogen  and  oxy- 
ooal-gas  blowpipe  is  also  used  for  the  brazing  of 
metaUr,  autogenous  solderinir,  the  blowing  and 
manipulation  of  hanl-idass  apparatus,  and  lor 
many  other  puriw'ses  where  very  high  tempera- 
tures and  looal  heating  are  required  {v.  also 
infra). 

Oxygen  is  used  for  many  purposes  in  the 
lftfj»»ratory.  and.  as  already  mentioned,  for  -i.me 
medical  punwecs.  It  has  been  found  that  the 
admixture  of  sma  ll  proportions  (up  to  6  or  7  p.o.) 


of  oxygen  with  nitcous  oxide  during  annsthetistng 
with  that  substance  prevents  or  reduces  the 

tendiTicv  tii  (  otivulsions  eX|HTicneed  "vvitli  pun? 
nitrous  uxule,  without  ri'ducing  apprecmbiy  its 
anaesthetic  power.  Johnson  has  ahowix  (J. 
jir.  Chem.  [i.l  49,  148)  thnt  nnscsthi  sia  may  Ik- 
produced  with  nitrogen  equally  an  ui  II  with 
nitrous  oxide,  and  that  a  mixture  of  nitrogen 
with  5-7  p.c.  os^'gen  forms  a  veiy  satisfactory 
anesthetic,  producing  sli  trht  or  no  convulsions. 
Oxygen  lias  l>een  a])plied  in  the  ])urifiea. 

J  tion  of  coal-gas  from  sulphur  compotinds.  it 
is  found  that  if  from  O-^-l  p.o.  of  oxygen  is 
added  to  the  crude  enal-iras  liefore  it  enters  tho 
y)unher8  the  reduction  of  the  sulphur  compoimds 
tn  8-12  grs.  per  100  cubic  feet  of  gas  may  be 

i  effected  by  lime  alone,  the  use  of  oxide  of  iron 

I  or  lime  sulphide  being  unnecessary.  If  oxide  of 
iron  is  usid,  its  efficiency  is  inereas(.-i!.    In  any 

1  case  the  purifying  space  needed  is  lessened,  the 

i  life  of  the  purifying  material  is  lengthened,  and 
the  luminosity  of  the  purified  gas  is  eonsider- 

!  ably  incretihed.  If  lime;  is  used  for  purification 
the  fouled  lime  ('  blue  billy  *)  has  not  the  ob- 
jet  tionablu  odour  which  it  usually  possesses 
(V  alun,  Trans.  Gas.  Iii^t.  1889.  41). 

It  has  been  foimd  that  if,  durmg  the  Mcach- 

I  ing  of  paper  pulps  and  other  materials  with 
bleaching  powder,  oxygtm  in  a  fine  atat»  of 
division  is  introi hued  mto  tlie  bli  aching  poteher^* 
a  great  saving  of  bleaeluug  puwtier  is  effected, 
the  bleached  hbre  also  being  stronger  in  texture 
(Thome,  .1.  Soc.  Chem.  Ind.  1889.  83). 

!  Pure  oxygen  is  also  advantageously  em- 
ployed in  the  oxidation  and  thickening  of  oils 

I  for  varnish  «ad  linoleum  purposes.  The 

I  thickened  oil  is  paler  in  colour  than  boiled  oil, 
thf  danLTiT  is  less,  as  only  steam  heat  is  net  >led, 

I  ami  the  thickening,  besides  t^juig  much  more 

I  rapid,  is  accompanied  by  increase  of  weight  in* 
sti-ad  of  by  lo^-s  of  weight  a.s  in  the  ordinary 

,  process  of  Ixtilmg.  The  use  of  driers  is  also 
unnecessary  (Eng.  Pat.  18628,  1889). 

Oxygen  is  now  sometimes  used  to  hasten  the 
matunng  of  spirits,  the  same  effect  being  pro- 
duced in  a  few  hours  or  days  by  means  of  jmrc 
oxygen  acting  on  the  spirit  in  a  finely  divided 
state  as  occurs  under  the  oidinary  metliod  of 
storage  in  casks  in  2  or  3  years. 

Proposals  have  been  made  to  use  a  mixttire 
of  oil  gas  and  oxygen  as  an  illuminating  gas 
(Tatham.  Eng.  Patts.  13763,  16138.  and  16142, 

I  1889).  It  was  found  that,  if  16-90  p.o.  of 
oxyuc  n  1^  addrd  io  an  oil  i:-'^  rrtorted  at  a  low 

!  temperature  from  a  heavy  and  crude  petroleum, 

I  a  gas  of  veiy  high  illuminating  power  and  of 
good  travelling  properties  is  oVtniiird.  The  gas 
is  a  perfectly  safe  gas,  as  alxjui  ua  t*ua  volume 
of  oxygen  must  be  added  to  a  heavy  oil  gas  before 

;  an  explosivr  mixture  is  fomted.  The  same 
inventor  piojuj-til  ij.c.)  to  use  carburetted 
o.wl'i  ii  as  a  motive  gas  for  engines,  Ho 

j  claims  that  with  properly  constructed  valves, 

I  &c.,  perfect  safety  is  secured,  and  that  the  great 
ex|>ansive  force  of  carburetted  oxygen  on 
ignition  gives  results  far  superior  to  those  ob- 
taine«l  in  the  ordinary  steam  or  gas  engine. 

The  use  in  the  manufacture  of  vinegar  of 
small  qtiantities  of  oxyjien  t<>  act  as  a  stimulant 
on  the  myeoiU  rma  has  ixH'ti  found  to  OOOSider- 

i  ably  increase  the  rate  of  acetificalion. 

I  L.  T,  T. 


Digltizec  by  v^oogle 


OXYGEN. 


45 


Thm  Pboduction  of  Oxyoex  by 

LlQCBPACTION  OP  AlR. 

.Since  l'.HJ2.  the  liquid  air  proceuM  for  thu 
noduction  of  oxygen  has  rapidly  come  to  tho 
mmt  and  with  the  single  ezoeption  of  the 
electrolytio  autliod  ik  is  now  the  oxygen  process 
almost  ezcliuiTefy  empIoyBd  for  oomiiieiratal 
ptupoaes. 

The  separation  of  liquid  air  into  its  main 

c  )n'<tituents  oxvgen  and  nitrogon,  was  a  problom 
which  for  many  yanr^.  }>nur  to  19()2,  occupied 
tho  attention  of  phynitM^t^  and  oheniistit  who 
have  studied  the  practioai  production  of  ex* 
trome  cold  and  the  tiquefaotion  of  gaees. 

It  wa.s,  howc'ViT,  not  until  1895  that  the 
first  real  step  of  importance  w&a  taken  in  the 
maotioal  production  of  liquid  air.  In  that  year. 
C^ll  von  Linde  todk  (hu  a  patent  (Eng.  Pat. 
12528.  1S95)  fur  an  apparatus  which  niariced  a 
new  era  in  the  production  of  liauid  air  and 
probably  the  first  seriouB  step  in  tlie  aepturation 
of  ita  oon«tituent«. 

It  had  been  proved  by  Thomson  (Lord 
Kelvin)  and  Joule  that  if  compressed  air  were 
allowvd  to  expand  without  doing  external  work 
thsM  was  a  slight  fnll  of  temperature  due  to  the 
fact  that  internal  work  must  be  done  in  such 
expansion.  Linde  first  realised  ^  that  this 
coolintr  effect  iticrcaaed  very  rapidly  as  the 
temperature  fell,  and  in  his  patent  of  1895  he 
utilised  tho  fact  to  makt-  a  most  practical  and 
effective  air-liquefier.  He  toolc  highly  com- 
pveMsd  air  at  orainary  atmospherie  temnerature 
and  oau='>'i  it  to  pa^  thnjuph  a  coilec  copper 
)Npe  oontaiitod  in  a  well  insulated  heat  inter- 
changer,  so  constructed  that  the  air  which  was 
allowed  to  expand  through  a  throttle  valve  at 
the  lower  end  of  tho  coil  wa«  then  caused  to 
pass  back  in  a  reversed  flow  through  the  iiiti  r- 
dianger  in  intimate  contact  with  the  external 
Miface  of  the  pipe,  through  which  the  com- 
prosed  air  was  passing  on  its  way  to  the  cxpan- 
aioo  valve.  The  principle  of  regenerative 
Offoling  was  tbos  establiflhed  between  the  ex- 
panded and  compressed  air  with  a  self-intensive 
cooling  effect  which  continued  to  increa.<<e  until 
the  «Md  beearoe  so  great  that  a  portion  of  the 
inoominff  compressed  air  was  liquefied  and 
eolleoted  in  the  vessel.  Unde  employed  no 
pcaliflunary  cooling  of  the  air  and  l>y  thi-^  simple 
OOdSltllOtkm  of  self -in tensive  counter-current 
interehaager.  there  is  no  d«»nl}t  that  he  originated 
an  air  liquefying  apparatus  of  much  Hcientifie 
value,  although  not  perhajw  of  much  direct 
eonmereial  utdity- 

But  in  his  1895  patent,  Linde  did  not  aim 
merely  at  providing  a  aimplo  method  of  pro- 
ducini;  liquid  air:  lii>  n  al  ohjcct  was  hv  lique- 
faotion  and  subsequent  fractional  evaporation 
to  separate  its  oonstituents  in  order  to  obtain 

■  It  is  a  ooiD<?idflooe  in  the  history  nf  invcntiou  that 
the  Enjf.  Pat.  lOWT,  of  1895  w»«  applied  f  r  I  y  an 
KnctUhmAn,  Dr.  William  llatnp'on,  a  f'  w  \w;(>k- 
befom  Pr  •f<?<»or  Carl  von  Lin<le  Unik  out  tn-*  Uritish 
Patent.  Hiimpon's  patent  In  licM  l>v  -omo  to  fintlri- 
pato  Llniie  inthi«  count rj  althoimh  there  no  f|iK  «iion 
a«  to  the  priority  of  Linilc  elsewhere,  Tho  tcriiH  of 
Hampton'''  pn>vl-iona!  fiiCfidcalion  are  Honii'wiuit 
.niiil'ik'iiD'i  *  an  1  it  i"  itillirul'  ir)  -i^y  liow  inucli  i  ri'iiii 
•  liotiM  ht  altai  liC'l  to  tin*  puhlii  .-itinn.  Fnll  ileluiWof 
Lm'le'*  apiiaraiu-  Mt'ro  niadfl  known  Ipi-f'iii'  tho  rom- 
pl«tion  of  ifamp'on  patent  *o  that  uuforiiuiatelv  hU 
claim  to  'priority  bSS  tO  Stand  00  bit  provlsioDal 
■pseillcatloo  aJooe. 


oxymn  of  oommeraial  purity.  To  do  thi.s 
Linae  relied  on  the  fact  that  nitrogen  being 

more  volatile  than  oxypen  the  vapour  from  a 
liquid  mixture  of  the  two  >vas  rioher  in  nitrogen 
than  was  tha  liquid  itself.  This  prooese  of 
fractional  evaporation  dicl  not,  however,  prove 
successful.  It  was  found  by  expenmcnt  that 
under  the  most  favourable  TOnditions  in  order 
to  obtain  a  residue  oontaining  50  p.c.  of  oxygen 
70  p.c.  of  the  liquid  had  to  ho  evaporated,  and 
that  the  further  evapf)ration  was  carried  the 
creater  became  the  proportion  of  oxygen  lost 
m  the  vapours.  Thua  In  the  end  when  the 
liquid  approached  the  ordinary  commercial 
Rtandard  of  purity  in  oxygen  its  Quantity  had 
become  so  minute  as  to  be  praoticaUy  valueless. 

The  following  table,  prepared  by  Linde 
from  his  own  experiments,  clearly  shows  how 
the  composition  of  the  liquid  changes  even 
under  the  most  favourable  conditions,  vis. 
during  alow  or  quiet  evaporation. 


Per  pent,  of 
liquid  not 
yetsva< 
pocatads 

Psr  cent,  of 
oxygen  In 
UgnUL 

Per  cent,  of 
oxygen  in 

vapour 
ooniiig  oB. 

Per  cent,  of 

original 
CKraen  still 
to  liquid. 

lOOO 

23*  1 

7-5 

100-0 

50-0 

37-6 

150 

80-0 

30-0 

60-0 

230 

860 

20-0 

60-0 

340 

520 

150 

67-5 

42-0 

4.30 

10-0 

77-0 

52-0 

330 

5-0 

88-0 

70-0 

19K) 

Between  1898  and  1902,  many  patents  were 

taken  out  for  the  production  of  liquid  air,  and 
the  separation  of  its  constituents.  Nearly  all 
appear  to  derive  their  inspiration  from  lande, 
the  low  temperature  for  liauefaction  of  tho  air 
being  obtained  in  practically  every  case  by  his 
nozjde  expansion  self-intensive  system,  whilst 
fractional  evaporation  of  the  liquid  was  in> 
variably  the  system  employed  for  obtaining 
oxygen. 

As  a  matter  of  liistorical  acouzaoy  it  must  bo 
admitted  that  for  the  seven  years  following 

Linde'.s  patent  of  1805  no  substantial  progress 
waH  ma<le  towards  the  intlustrial  separation  of 
oxygen  from  liquid  air.  It  was  not  until  1902 
(Eng.  Pat.  14111,  1902)  that  Linde  himgelf 
took  the  final  step  which  solved  that  problem 
and  laid  the  foundation  for  what  is  (o-day  un- 
doubtedly the  cheapest  and  bct»t  process  for 
the  production  of  oxj'gen. 

It  has  already  heen  shown  that  fo  obtain 
oxj'gen  from  liquid  air  by  fracf  if)nal  evaporation 
a  serious  loss  was  entailed  of  the  very  substance 
that  til'  proopfii  was  di -jij/ned  to  pmdiicf .  It 
wa.M  thi>  (i  iiiiulty  which  Linde  solved  in  iij.s 
jn'i  tit  of  1902  and  ho  accomplished  it  by 
uiapting  to  the  treatment  of  Liquid  air  the 
process  Mveetiikatton  long  known  and  employed 
in  tho  pradttoyon  of  alccthol  (.ur  Atxiohol). 
Lindo  himself  r^anled  his  1902  invention  solely 
as  an  addition  to  the  method  of  obtaining 
oxygen  fffim  lif|uid  air  by  means  of  fractional 
eva))oration  a.s  described  in  his  ls!>5  p  itent  and 
hu  only  claims  it  as  such.  By  intro<incing  a 
rectification  column,  however,  on  the  top  of  his 
evaporation  chamber  he  not  only  succeeded  in 
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arresting  the  oxygen  which  wae  formerly  lost 
but  actually  employe  <1  it  to  form  part  of  a 
oontinuouB  reotifioatiiou  pcooeea  for  tho  produc- 
ticm  of  oxygen  in  a  state  of  twnarieable  purity. 

The  simplest  form  of  the  Lindo  Oxygen 
Separator  aa  employed  to-day  embodias  all  the 
essential  features  of  his  1902  patent,  so  that  a 
brief  description  of  the  actual  machine  with 
special  reference  to  the  accompanying  diagrams 
may  be  takun  as  describing  all  the^important 
ohauraotensfcios  of  the  appantos  aa  set  lortb  in 
the  speoifloation  and  claim  of  that  patent. 

Fit,'.  1  rojiro^onts  diagrammatically  the 
sectional  elevation  of  a  Lindu  Hcparator  capable 
of  prodndng  large  quantities  of  OAygeu  of 
98-99  p.c.  purity.  The  circular  upper  portion 
of  the  casing,  which  is  of  wood,  contains  in  its 
centre  the  rectifying  colump  a,  Avhilst  the  base 
constructed  of  wood  in^  the  form^ol  a  hexagon 


Fig.  1. 

oontaios  the  vapourlsing,  or  distilling  chamber  B. 
All  olearanoo  spaces  are  packed  with  sheep's 

wool  or  other  siiitahli-  insulating  matcrinl  in 
order  to  prevetjt  the  punctration  of  JieaL  from 
outside  floorces.  c  is  the  counter-current  inter- 
changer  constructed  in  the  form  of  a  large 
copper  siiiral  pipe  and  containing  three  small 
copper  pipes  d,  one  of  which  is  tTiclosed  in  a 
larger  pipe  e,  aa  indicated  more  clearly  in  the 
sectional  diagram,  Fij^.  2.  is  an  extension  of 
the  111  liii  spiral  pipe*  to  the  top  of  thr  i-fclif \  ing 
column  A  u  iih  a  gas  or  vajKjur  collecting  funnel  r 
projecting  within  the  same,  is  an  open  funnel- 
ended  extension  of  the  pipe  r  at  the  top  of  the 
vapotirising  chamlxT  B.  i'hu  pipe  coil  dj, 
shown  in  the  vapourising  chamber,  is  et>injected 
at  one  extremity  with  the  small  pipuii  d,  eon- 
taiMd  in  the  counter^etiRmt  mtemhanger. 
Ihe  other  extremity  of  this  pipe  is  connected 


with  the  inlet  of  the  valve  boxO,  to  the  outlet  of 
which  another  pipe  4«  iS  connected  aa  shown. 
This  piM  is  canied  upwards  and  enters  the 
rectification  eolnmn  near  the  top  where  it  ia 

fittrrl  as  shown 
with  a  rose  end, 
the  function  of 
which  will  l)e 
explained  later. 

With  this 
preliminary  de- 
scription of  the 
essential  parts, 
the  working  of 
the  apparatus 
can  now  Ik?  ^ 
readily  fol-  V/ 
lowed.  There 
are  two  stag^  Fio.  8. 

in  the  working. 

First,  the  preliminary  eoolinu'  do\\-n  and  pK>> 
duction  of  liquid,  and  gecond,  the  sepenmon 
of  oxygen  from  the  liquid. 

In  commencing  to  work  the  machine,  air  at 
normal  atmospheric  temperature,  or  Jetfs,  and 
at  a  pressure  of  about  aOOO  lbs.  per  sq.  in.  is 
conveyed  from  a  gaa  compressor  of  suitable 
construction  through  the  main  pipe  d,  into  the 
three  Huiall  pipes  d  of  the  counter-current  inter- 
changer.  It  passes  down  theao  pipes  and  through 
the  pipe  coil  tf ,  in  the  vapouriser  to  the  inlet  of 
the  valve  lx)X  o.  At  this  ]V)int.  In  tlir  niljust- 
meut  of  the  regulating  valve  spindle  H,  the  air 
is  caused  to  expand  from  a  high  to  a  low  pressure 
and  is  discharged  at  this  low  pressure  through 
the  rose  ended  piperfj  ''ito  the  topof  therectihca-  . 
tion  columiv  This  expanded  air  fills  the  column 
and  then  flows  through  the  only  two  posaible 
outleta,  e  and  into  the  oounter«cnrrent  inter- 
changer,  in  a  reverse  (low  to  the  incoming  lii-jli 
pressure  air,  leaving  the  ap{)aratus  through  the 
pipes  o  and  E  as  indicated. 

It  is  af  tlie  valve  o  that  Linde  obtains  the 
Thonison-Juule  etleet  to  which  reference  has 
already  Ixen  made  and  regenerative  Cooling 
ooottcsin  the  counter  current  interchancer  where 
the  incoming  compressed  air  parts  with  some  of 
its  heat  to  the  outgoing  air  wlm  h  lias  been  ren- 
1  dcred  colder  by  thia  temperature  drop  on  ex« 
pansion.  The  cooling  enset  throughout  the 
whole  apparatus  goes  on  cnmtdatively  until  a 
temperature  is  ultimately  reached  at  which  the 
expanded  air  begins  to  liquefy  and  coOeot  in 
I  that  state  round  the  coils  in  the  vapottriser  b. 
'  The  quantitv  of  liquid  thus  collecting  is  rcgis- 
tere<l  outside  thf  a]tpaiatus  by  means  of  an 
ordinary  coloured  liquid  which  is  contained  in  a 
glass  tube  fr.  enclosed  in  a  pressure  equalismg. 
circuit  as  infiicaled. 

When  the  wlnde  apparatus  has  been  cooled 
down  nearly  to  the  temperature  of  liquid  air, 
the  liquid  begins  to  accumulate  rapidly  in  the 
vapouriser  B.  an<l  the  initial  pressure  of  the  air 
may  lx>  graihially  reduced  nv  incr'.'asing  the 
opening  of  the  valve  o.  Until  this  stage  is 
reached,  any  se|>aration  of  oxygen  and  nitrogen, 
which  may  have  occurred,  has  been  due  simply 
to  fractional  evapr>ration. 

As,  however,  the  liquid  begins  to  accumulate 
round  the  coil  in  the  vapouriser  n.  the  com- 
pressed air  transmits  some  of  its  latent  heat  to 
the  liijuid.  The  latter  ia  thereby  evaporvted 
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whil^  the  comprctiacd  air  is  itaclf  tiquelicd  in 
proportion  to  the  Amount  of  heat  thus  extracted. 
The  vapours  thus  produc**!  Ix'^'in  to  rtow  up- 
wartU  tiiruugh  the  rectttication  column  in  which 
the  liquid  mir  is  floMiog  dovnwuds.  The 
t«-tnperatiure  gradient  neoeesuy  for  efficient 
rcctiBcation  then  rapidly  beoomrs  eetablitihed 
ill  tin-  <<ihunn  an<l  th«  necond  stape  is  reached 
ia  which  the  apjparatuti  can  be  employed  for 
thft  modoetioo  of  oxygen. 

In  the  separation  of  oxyeen  from  liquid  air 
by  rectiticatton,  Linde  relies  tor  his  temperature 
g:ndiient  on  the  diUbienee  between  tlio  boiling- 
p<^)ints  of  nitrogen  and  oxygen.  The  former  is 
77-5*  al*«olute  and  the  latter  dhU"  absolute. 
Liquid  air  :.~  discharged  into  the  top  of  the 
oolumu  at  a  t«mperatttre  of  about  81*  abaolute. 
Nttn»|(m  being  the  more  Tolatile  eomponent  it 
inu))'  diately  liegins  to  boil  off.  and  thiH  anto- 
maticaliy  creates  the  maximum  cohi  at  tlie  tdp 
of  the  eohimn.  For  the  same  reatson  the-  nitro- 
gen prefs^Tif  in  the  oriifinal  liquid  coUecttHl  in  the 
vapouriacr  is  Ihu  lir^t  eletuLiit  to  Ik?  liberated  by 
latent  heat  from  the  compressed  air.  so  that  the 
temperature  of  the  liquid  in  the  vaponxiaer 
beeoroee  higher  M  its  content  of  oxygen  inoreaMM. 
fhtiy  the  Iii^'hest  tomprratitre  is  also  c-^itahhshed 
automatically  ai  tha  bottom  of  the  column. 
Whan  all  the  nitrogen  has  tieen  expelled  from 
the  rapo^ri^er.  liquid  air  pn  Mintt  down  tlif 
column  over  various  bafiic  piutcd  cunuw  into 
intimate  contact  \Wth  rising  vapours  of  oxygen 
and  an  exohange  of  material  talces  }>laoe.  At 
eaefa  stage  some  of  the  rimng  ox>'gen  is  oon- 
<leniM?d  anrl  fomo  of  the  nitroiren  in  the  dowii- 
eoming  liquid  is  evaporated  whilst  the  liquid 
^findn^y  gftin*  in  tempnature  until  by  the  time 
It  reaches  the  vapnnriwr  its  composition  is 
that  of  practically  pure  oxj'gen.  The  gas,  on 
the  other  hand,  which  paiwes  off  from  the  top 
of  the  column  through  the  funnel  F  and  the 
pipe  r,  to  the  counter-current  interchanger.  c,  i.-* 
maitd\-  nitn>;zen   at    a   t( nijMTatiire  uIkhjI    I  1^ 

lower  than  that  of  the  oxygen  at  the  bottom  of 
the  eolvmn.  The  oxygen  which  rises  in  the 
column  to  rfTrrt  the  nmti^rial  exchange  with 
the  nitrogen  ot  ilu;  liquid  air  is  carried  back  to 
Ill0  Tapooriser  together  with  roost  of  the 
oxygen  oontaine*!  in  the  original  liquid.  The 
excera  of  oxygen  which  thus  continually  gathers 
at  the  bottom  of  the  apjiariitus  is  drawn  off  in 
a  gaeeous  condition  through  the  inpe  e,  into  the 
pfne  e  of  the  eorniter-enrrent  interchanger.  It 
n-ill  tliii'  Itf  ^pcn  that  thf>  pawcf?  drawn  from  the 
top  and  bottom  of  the  apjmratus  arc  rnadt,-  to 
•bstcMt  heat  completely  from  the  incoming 
compressed  air  vhich  la  on  its  way  to  be 
liquefied. 

The  pressure  at  which  the  cold  gases  esrape 
from  the  apparatoa ia  from  1  to  5  IKs.  tier  sq.  in., 
jostenongb  toeaiuethem  t.i  pa^s  freely  through 
the  counter-current  int^rc lianfer.  L  is  an 
emergency  release  valvti  on  the  low  ])ressure 
systom.  J  and  K  are  toftt  cocks  rommuni* 
r  at  in'.'  with  the  liquid  air  and  liqntd  oxygen 
supplies  rospcctiv*  ly. 

After  the  regular  cotidition  of  oxygen  pro- 
duetng  has  been  reached  the  ajpparalus  wurlcs 
8tea<lilv,  the  air  «iupply  from  the  compresMir 
lx>ing  Ikept  af  Miili(  M<nt.  pn-ssure  not  oidv  to 
eoaure  its  liquefaction  at  the  tempemture  of 
tlM  liquid  oxygen  bftth  (my  01*  abvolute)^  bnt 


also  to  ensure  that  the  drop  to  the  low  pressure 
of  from  4  to  5  lbs.  sq.  in.  .sufTicient  to  make 
good  thermal  losses  duo  to  leakage  of  ht-at  from 
outside  and  to  imperfect  interchange  in  the 
oounter-onrrent  apparatus.  In  practice,  this 
pressure  is  found  to  be  from  50  to  60  atmo- 
spherce. 

A  .separati'  feire-c ixiler  for  the  (•(in)pre,s.sed  air 
(not  shown]  is  uijually  employed  with  the  Liude 
apparatus.  This  fore-ooolnr  is  kept  cold  by 
mcan.s  of  a  carbonic  acid  or  an  ammonia  marhino 
and  is  interjKJsed  between  the  air  fcouiprej*t>or 
and  the  separator  so  that  the  air  leaving  the 
compressor  at  normal  atmospheric  temperature 
becomes  reduced  to  a  temp«'raturc  well  below 
the  frecEitii^  iX'int  of  water  Ix'tore  ii  ente  rs  the 
separator.  By  this  moans,  practical  I  v  all  the 
moisture  which  has  not  previously  been  ab> 
stracte-l  h\-  ;-oriij.re.-.sion  L'ets  fntzen  out  of  the 
air.  Tins  is  a  ptjint  of  more  importanct*  in 
actual  work  than  the  slight  supplementaiy 
cooling  which  is  obtained,  because  unless  the  air 
is  thoroughly  dry  before  it  enters  the  coils  of 
the  counter-current  interchanger  the  working 
of  tlte  apparatus  is  liable  to  interrupted  by 
the  formation  <if  ice  which  has  to  be  thawed  out 
before  work  can  be  resumed.  This  is  an  opera* 
tion  which  involves  considerable  delay.  It  is 
usual  therefore  to  make  faotii  fore*coolen  and 
separators  in  du])liint(»  to  ensure  continuous 
working.  In  additiuu  to  the  elimination  of 
moisture  it  is  also  desirable  to  remove  carbonic 
acid  from  the  air.  This  is  usually  done  by 
drawing  the  air  on  its  way  to  the  compressor 
throu^li  a  purifier  containing  -laked  lime.  In 
practice,  separators  MXirk  for  a  week  or  longer 
without  freezing  up  end  fore-coolers  for  about 
two  ilays. 

The  three  essentials  of  Linde's  pruci  s.-'i  could 
not  l>e  more  eoncisely  or  accurat4  ly  ilesoribed 
than  tn  hi«  nwn  patent  specification,  'lliey  are 
(I)  ( ooliiiM  the  air  to  he  condensed  in  eaustng it 
to  tliiu  in  the  contrary  direction  to  the  evapora- 
ting products ;  (2)  in  then  oausing  the  same  to 
transmit  its  latent  heat  to  the  evaporating 
liquid,  and  f31  in  th^n  cansin;:  the  vapours  pro- 
tiuctnl  in  the  di.><tilling  apparatus  to  How  upwarils 
through  the  liquid  flowing  downwards  in  » 
stratified  manner. 

The  lirst  c<mdition  established  the  economy 
of  the  proce.'*H  by  usin;:  the  eold  wpaiattd  ;.'nses 
passing  out  of  the  apparatus  to  abstract  heat 
from  the  incoming  compressed  air.  It  was  by 
reali-in:'  tlie  ]>(>--Ihilit ies  ih>  -d  ond  mridition 
that  Limiu  was  able  to  tt(.liie\e  perkut  rcciiiica- 
ti(»n.  Although  the  aln-ady  cold  compn-.ssed 
air  is  niado  to  part  nith  its  lattmt  heat  while 
liqiielMn^  in  the  coils  of  the  distilling  apparatus 
its  actual  temjHTature  cannot  exceed  that  of  th«' 
oxygen  vapour  which  it  has  produced.  By 
takij't'  this  liquid  to  the  top  of  the  column 
and  Icttinu'  ii  >  <  •ip<'  from  n  high  to  ii  Inv 
pressure  the  pjrtion  thus  eneaping  un'kruuts 
an  instantaneous  partial  volatilisat i<m  which. 

rll^'nd^•  explained,  reduces  it  so  much  in 
(i-ntjMTaturo  that  it  can  play  (lie  part  of  the  cold 
member  of  the  combination  and  thun  c«>tRj>l)-h 
the  correct  temp<'ntture  •gradient  for  the  material 
exelmnee  lietween  lifprnl  and  vapciur  whteh  the 
third  condition  rt  ndcrs  ]vossi!>^' . 

The  action  which  takes  }ilacu  in  Linde's 
rectification  column  can  be  readily  understood 
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by  reference  to  Baly's  expenmoDts  on  the 
*  Distillatkm  of  liquid  air  and  the  oompoaition 

of  the  i^aseous  fiiul  liquid  pha'^rs  at  constant 
pressure,'  published  in  l^JOO  (Buly,  Phil.  Mag. 
1900,  49,  517).  It  has  already  been  shown 
(table,  p.  45)  how  the  composition  of  the  liquid 
air  changes  during  slow  ovaporation.  Baly's 
expi  rimLnt.s  show  that  given  any  liquid  mixture 
of  oxvgeu  and  mtrocen  equilibhom  between  ite 
liquid  nad  ▼aponr  w  poasible  only  where  the 
vajxiur  contains  a  definite  prop<>rt  ion  of  the  Uvo 
constituents,  hut  this  proportion  is  not  the  jjaiiic 
as  that  in  th''  li(|uid. 

The  results  in  this  direction  olitaincd  by 
Bitly  ill  a  scries  of  experiments  are  graphically 
set  out  in  the  diagram.  Fig.  3,  in  which  the 
ordinates  indicate  tempentures  And  the  ab- 
peroMitagee  of  oxygen.    The  oorvee 


indicate  the  composition  of  liquid  and  vapour 
feapectivdy  at  definite  temperaturcH.  Vtom 

these  curves  it  will  be  seen  that  with  vapours 
and  liquid  in  equilibrium  the  vapour-s  arc 
always  richer  in  nitrogen  than  their  liquid. 
Thus  when  the  eveporating  liquid  is  liquid 
air  (oxygen  21  pi.c,,  nitrogen  79  p.c),  the 
proj)ortion  of  oxymn  present  in  the  vapour 
coming  off  must  be  nut  less  than  7  p.0.  Ai- 
though  it  is  therefore  possible  by  simpleieotifiea- 
tion  ns  cmplnyrd  in  i.inde's  apparatus  to  expel 
all  nitrogen  from  the  liquid  by  material  exehan  g©- 
mOi  the  oxygen  vaiK>urs,  nitrogen  itfit^lf  can 
never  contain  less  than  7  p.c.  of  oxygen.  Whilst, 
'  therefore,  the  apparatus  is  capable  of  pro- 
(lucint; — and  does  produce — pnrt'  oxygen  it  is 
•  impossible  to  obtain  nitrogen  of  equal  parity 
I  vitiiout  further  tceatmeDt  («w  NmooajL 
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With  the  oorreot  temperature  gradient  of 
the  Linde  reotifioation  oolnmn  it  is  easy  to  apply 
the  conditions  of  the  Baly  curves.  Starting 
with  liquid  air  at  the  top  of  the  column  wo  know 
that  7  p.o.  of  oxygen  must  be  present  in  the 
\'a|X)ur  cjivcn  off.  As  the  liquid  descends  it 
comes  in  contact  with  gas  containing  at  each 
atage  nore  oi^gen  than  oorrcsponda  to  eon* 
ditions  of  equilibrium.  Accordingly,  oxygen  is 
continually  being  condensed  and  nitroccn 
nvap  )iMted  in  t  lie  .•iTurt  o!  the  liquid  to  fstabiis); 
a  condition  of  equilibrium  with  a  vapour  of 
constantly  changing  ])artial  preuttiee,  until 
ultimately  at  the  baaa  of  the  oolunin  pure 
oxygcu  Id  obtained. 

^ctiBcation,  according  to  I^nde'e  iuTention 
of  1902,  although  it  yields  pure  oxygen,  cannot 
bo  re<;ar(lcd  as  complete  because,  as  explained, 
it  Ic^ix  -s  not  len  than  7  p.e.  of  o^gen  in  the 
waste  gas. 

A  oompacatively  ^^imple  modifioatiou  <tf  the 


Linde  prooesa  enables  separation  to  be  oanried  a 
stage  further.   This  improvement  is  due  to 

M.  Georges  Claude.  Instead  of  oonilensing  the 
compressed  air  int^rally  and  then  discha^ing 
it  in  one  stream  at  the  top  of  the  recti&sation 
colinnn.  Claude  employ?!  a  fraetional  method  of 
liquefaction  which  separates  the  air  on  con- 
densation into  two  Itqnida,  one  ocmtai&ing  an 
excess  of  oxygon  and  the  other  an  excess  of 
nitrogen.  The  rectification  column  is  made 
hi^dier  than  that  of  Linde.  and  the  liquid  rich 
in  nitrogen  is  discharged  from  the  top,  whilst 
the  liquid  rich  in  oxygen  enters  the  column  at  a 
lower  point  appropriate  to  the  proportion  it 
ooutains  of  the  two  constituents.  The  addi> 
tional  Hcrubbiny  thus  obtJiined  with  a  liquid 
rieher  iii  nitrogen  than  air  is  the  means  of 
arre  1  my  ii  furtlier  3  p.c.  of  oxygen  without  any 
additional  expen<liture  of  power.  The  waste 
gas  consequently  leaves  the  Claude  apparatus 
with  an  oxygen  content  of  only  4  p.c.  jt^umgh 
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Ciauiic'o  appiiratiia  13  sumcwhui  more  oompli-  coocem  vviiicli  wan  foundod  as  Brin^  Oxygen 
cated  to  operate  than  that  of  Linde  and  re-  Company,  Ltd.,  in  Iss*)  (r.  infra).  From  the 
qnim  more  oon»Uiii  •a^rrwion,  thote  j«  no  eadc»£lfMI7  until  Murch,  19(JD,  the  Linde  revtifioa* 
doubt  that  this  ingeniotis  addition  to  the  Linde  I  tion  patent  was  the  subject  of  long  and  important 
proce-^  i-.  of  >oine  practical  Valoe  where  large  |  lit  j;.Mtinii  uhidi  ronlir.l  iu  it  being  unanimously 
inMailatiuns  arc  ooncenicd.  upheld  both  in  the  Court  of  Appeal  aud  the 


It  may  bo  mentioned  here  that  although  it 
has  col  Vk*  n  found  postiible  by  simple  rectilica- 
tion  to  8epamt«  completely  the  comitonentu  oi 
liquid  air  so  a.s  to  collect  both  the  oxygen  and 
nitrogen  in  a  state  of  pUfityi  it  is  possible  by 
pushing  Claude's  system  of  fractional  lique- 
faction a  5taj^e  furthtT  to  obtain  small  quantiliew 
of  pure  liquid  nitrogen  from  an  oxygen  separator. 
Hue  ia  done  without  exp^ding  any  additional 
pxj'.v.  r,  by  a  further  fractionation  of  the  liquid 
already  rich  in  nitrogen.  About  10  p.o.  of  the 
total  nitrogen  can  thus,  if  detiind»  be  obtained 
in  a  condition  of  puritv  the  vapours  being 
separately  drawn  off  through  the  counter- 
current  interohaii^'cr  tu  a  nitrogen  holder.  As 
the  abstraction  of  this  uuro  nitrogen  from  the 
liq;iiid  inTolvea  a  somevnat  higher  percentage  of 
oxygen  in  the  rich  nitrogen  liquiif  suj)plii<l  U) 
the  top  01  Claude's  rectification  column,  it  is 


House  of  Lords. 

The  British  Oxygen  Company  possess 
oxygen  factories  in  London  (2),  Birmingham, 
Canliff,  Miiiuhester,  Sheffield,  Neweastle-on- 
T^-ne,  anti  Glasgow.  All  of  these  are  equipped 
with  liquid  air  plants,  including  two  on  the 
Cliiudo  system  (L'lamk-'ri  pattiit.s  ol  addition 
having  also  b(  <  n  acquired  by  the  Company). 
The  total  capacity  of  all  the  Oampany's  oxygen 
plfints  at  tiiu  present  time  (11*13)  i^-  100,000 
cub.  ft.  })er  tlay  of  24  hours,  the  qujility  of 
oxygi-n  bi  111^  liS  high  as  99  p.c. 

'J  ilt-  cost  of  production  varies  coiihi<icrably 
with  tilt;  bizc  of  tiie  plant.  A  plant  lu  pruduee 
40,000  cub.  ft.  of  oxygen  per  24  hours  (which  is 
a  common  size  at  the  present  time  for  a  single 
anit  in  an  oxygen  factory)  involves,  in  power, 
a  total  expciulKuri"  of  about  100  li.lup. 
Taking  Uus  at  ij<idd.  per  b.b.p.  hour,  and  adding 
obvious  that  the  waafee  gas  most  also  oontain  a  I  all  other  direct  charges,  ezoept  depreciation  and 


somrnhat  hifJi'T  percentage  of  oxj'gcn,  so  that 
wiiiLt  puiL  i.urogcii  id  being  abstracted  the 
normal  ^i<id  of  pure  oxygen  is  appreciably 
diminished.  The  denoe  is,  however,  a  simple 
one  which  does  not  ni  any  way  impair  the 
worKm^'  of  l!ii-'  .'■c}Mirutor  \vhcn  oxygcti  aloij' 
required  and  as  there  is  a  small  but  growuig 
demand  for  nitrogen  in  iqrlindets  it  is  »  (COfltahle 
ndditioii  to  the  oidinaiy  aeparator  of  an  oiygen 

factory. 

In  the  economical  development  of  Linde's 


interest  on  capital,  the  cost  per  UK.K)  cub.  ft.  of 
oxygen  into  the  holder  workzt  out  ul  aix>ut 
3^.  tid.  The  cost  of  such  a  plant  complete  with 
motive  power,  gas  holder,  and  erection  ia 
Approximately  £7,600. 

i  IIK  ir^tODUCnON  Of  UXVUK>  BY  TMK 

Electrolysis  or  VVatku. 
With  the  steady  reduction  in  the  cost  of 
electrical  power  which  haa  taken  place  in  recent 
years  combined  with  improvements  in  electro- 


Uaude  is  entitled  to  the  further  credit  i  lytic  apparatus,  the  production  oi  oxyam  and 


of  being  the  first  to  utilise  part  of  the  ener^.Y 
contained  m  the  cuiDprcs.setf  air  by  expanding' 
it  in  a  cylinder  to  perform  external  work.  He 
thus  obtains  a  greater  degree  of  cooling  than 
wh'  n  Lii  d.  'a  tyilem  of  n«»le  expaorkm  alone 
is  emi*loyed. 

Cmwuo  takes  air  from  the  compressor  at  a 
pressure  of  from  25  to  35  atmospheres,  and  after 
cooling  it  in  the  oounter-currcnt  intcrchanger  he 
exjianda  it  in  the  cyliinb  r  ot  hi.M  expansion  \  electrical  pou<  r  required, 
engine  to  a  prvasure  of  4  to  6  atmospheree.   It  i      Htcond  i  Perfect  ^paration  of  the  two  gases. 
UfeRi  entei*  the  separator  where  Pactional  j      Water  itself,  aa  an  electrolyte,  is  a  poor 
liquefrictioJi  and  iiltinintr  ri .  tifiration  take  place   conductor.    It  i~  nsual  therefore  in  all  ca-es  to 


hydrogen  from  water  hy  eleotioljrtia  naa  un- 
(huibtcdly  been  eatabUabed  on  a  oommeicial 

basis. 

Of  the  vaiiona  prooeesee  employed  to-day, 
the  best  knonii  are  piol>ably  those  of  Garuti, 

bchuckerl,  and  Schmidt. 

Jtt  all  apparatus  for  the  electroly.sie  of  water* 
two  essential  eonditicms  have  to  be  observed  : — 
Firet :    Reduction  to  a  minimum  of  the 


already  described.  The  power  develuixrd 
by  the  ezpaasioa  engine  can  be  abeorbi-d  in 
driving  a  d3'namo  or  in  any  other  suitable 
way,  but  the  amount  of  energy  recovered  is  so 
small  that  as  an  clement  contri  uuting  to  economy 

in  the  production  oi  orrgen  it  may  be  entirely  I  largely  on  the  construction  and  arrangement  of 

oMwr  hand,  the  f^  that '  the  eleotrodes  and  diaphragms, 


render  the  liquid  alical;ne  b^'  the  addiliun  of 
15  p.c.  caustic  aoda  or  20  p.c.  caustic  pota.sh  in 
order  to  improve  its  conductivity  and  thua 

facilitate  decomposition. 

Efficient  sefMirutiun  of  the  two  ga.He.4  d«'jx;nds 


dt^recanled.   On  the 


Claude  can  use  air  at  an  initial  presiiure  of  from 
25  to  35  atmospheres  as  compared  with  i^inde's 
pleasure  of  50  to  00  atmoapberea  indicates  a 
total  pnving  alx^iil  20  p.c.  in  power.  In  5rnall 
pUjili  [any  u[i  lo  a  piWui  ijon  of  20,(XX)  cubic  It. 
of  oxygen  per  24  hours)  this  economy  is  probably 
quite  oounterbalaaced  by  the  additional  com* 
|4lcation  and  mipervjsion  inToIved.  On  the 
other  hand,  like  Clau<b  '.s  addition  to  Lindi 
separator,  his  exoaosion  engine  becomes      ,     «   ,  - 

practical  value  unere  large  inatallationa  are  |  realise  satisfactorily  one  or  the  other  of  the 

concerned.  requi-itc^  iriei.ti*  .[,ed. 

The  Lnide  liritish  patents  were  acquired  in        The  objecLuui  at  lirttt  to  the  u^e  of  m<  tullic 
tiKMi  by  tlu  Britiah  Om^m  Oompany»  Ltd.,  a !  diaphragma  was  that  they  came  under  the 
Vol*  IV.— T.  B 


or  partitions, 

employed  in  the  \oIt meters,  or  elc<  tKdysers,  us 
they  are  more  coiniuonly  termed,  and  it  is 
principally  in  this  res]K*ct  that  the  variou^s 
forrn.H  differ.  Where  diaphragms  nre  emplo\  c<h 
liicy  hliould  be  permeable  tu  the  elect rolytio 
solution,  impermeable  to  the  ga'^e.M  ev(d\t-d, 
and  they  should  be  goo<l  conductor.^.  .Many 
porous  mat^riais,  such  as  porcelain,  pipi-day, 
a  }/e-,t(is,  pliiN  ef  carbon,  iVc,  have  lieen 
employed,  but  nil  appear  to  have  failed  to 
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influence  of  the  electric  eumnt  by  mdnotion 

frtrni  the  I  II  I  1  null  ~.  'I'hcy  thus  iwt<-<l  t<»  some 
i'Xteut  a*j  bi-ixiU-  fltctrude*^  ihtsrfby  crcatitig  a 
tendency  for  the  two  gaitee  to  bo  libentou  in 
the  same  compart niont.  or  cell. 

(jATtiti  discovcml  that  if  the  electromotive 
force  did  not  cxceetl  3  volt.s.  and  if  tho  current 
wu  under  2  amperes  per  ttquare  decimeter  of 
dBCtrode,  a  metallic  diaphragm  remained 
poaeivo,  anil  hv  ftaind  that  owing  lo  lis  fi  <  bit 
resistance  it  was  po&etible  tu  work  the  apparatus 


FfeOb  4. 

with  a  difFerence  of  potential  well  under  3  volts. 

Ganiti  (!i>fo  vfiHl.  h(n\pvpr.  thnt  it  \vas' necessary  i 
to  carry  the  bottom  of  the  diapliragm  below  the 
level  of  the  l)ottom  of  the  eleotoodes  in  the 
electrolyher  in  order  to  ensure  this  passive  con- 
dition, and  that  thia  construction  prevented 


Fio.  6. 

good  circulation  of  the  electrolyte.  He  over- 
came the  difficulty  by  perforating  a  large 
number  <)f  minute  holes  in  the  lower  or  im- 
mersed portion  of  the  diaphragm.  Whilat 
these  holes  permit  the  electrolyte  to  circulate 
they  are  practically  impermeable  to  the  ganes. 

Pifrs.  4  and  5  illustrate  diajcFammatioaUy  a 
eide  elevation  and  c^>^>  n  tinn  tliioiic:h  AA  of 
a  Ciaruti  eiectrolyeer  of  llus  cle.scnption.  The 
outer  tank  in  each  it  «hown  cut  away. 

The  af^acatua  ia  oompoeed  of  a  series  of 


alternate  »hevt  Hteel  compartments,  or  cells,  a  b, 
each  enclosing  an  ele<trt»de  c  an<l  con.>5isting  of 
long  dinphrngm^  d  weldrd  on  to  end  plates  and 
built  Up  title  by  side.  They  are  eonijiletely  oi>en 
At  the  bottom  and  the  lower  purtiou  of  the 
diaphragm  is  ]jerforate<t  as  indicated.  They 
are  all  ojjen  ai  t  lie  ti  ip  li<r  lialf  tlu  ir  Iciiu'tli.  tlio-c 
containing  &ii  anode,  or  }M>sitive  electrode 
(viz.  a),  bein|(  open  to  the  left  half  of  the  figure 
and  those  ronTainiris:  a  cathode,  or  negative 
electrode  (vj?,  b],  i<>  t  be  right  half  of  the  hgnre. 
In  this  way  the  c<dlecting  bell  or  cover  welded 
on  to  the  left  portion  o  (x>llccts  oxygen  from  the 
ocJla  a,  irtiilst  the  corresponding  bnl  ir^ded  am 
to  right  portion  K  collects  byooogen  from  the 

cells  b. 

The  anodes  on  one  side  and  the  cathodes  on 

the  other  are  W(  hl«  d  to  terminals  t  for  the 
transmisuiion  inwardi^  und  outwards  of  the 
current.  When  the  electrolysen  are  large  the 
diaphragms  and  the  electrodes  are  maintained 
rigid  and  equidistant  by  meftnji  of  wooden 
partitions,  or  (<iuil»  /  placed  at  the  lower 
extremity  as  indicated. 

In  the  Sdiuckert  eleetvolyser,  the  separation 
i.s  effected  with  the  aid  of  a  niotallic  partition, 
or  acreeu,  between  the  elecirtxies,  each  of  the 
lattw  being  metallically  i«u8]H*nded  'fn>m  the 
centre  of  a  gas  collecthig  bell  which  seats  itself 
in  the  electrolyte  so  that  the  gas  lil^erated  round 
each  electroile  can  be  separately  collected.  Tho 
sorem  which  is  insulated  from  the  metallic 
bells  is  earned  into  the  electrolyte  so  far  bdotr 
the  t  di/t-.s  of  thf  bells,  containing  the  anodt  >  ami 
cathodes,  that  the  metallic  surface  of  the  bells  is 
practically  unaffected  by  the  current  lines  set 
up  in  the  electrolyte.  On  the  other  hand,  the 
bottom  edge  of  each  electrode  is  carried  m  far 
below  the  bottom  edge  of  the  screen  that  the 
gases  generated  at  the  respective  electrodee  can 
be  obtained  in  a  pire  oonditton.  The  bells  con* 
tairiiiig  till!  clfetrodi'rf  ami  alsu  Mri  un.-  are 
uHlei>eiid(  ntl\-  eonstructed  and  may  be  multi* 
plied  in  otu-  ( lectrolyser  aa  derired. 

Both  the  foregoing  types  of  electrolysers, 
which  indicate  the  general  conntniction  of  such 
ap^ratus,  work  without  any  ^jxcial  super- 
vision. They  Sdre  usually  uiade  to  produce 
from  one  half  to  two  cubic  metres  of  oxygen  jjer 
hour  and  consequently  twice  thai  i|U mtity  of 
hydrogen.  The  electrolyaers  are  placed  in 
batteries  side  by  side  in  a  room  which  must  be 
provided  with  excellmt  v<  t,f  ilation.  or  a  venti- 
lating fan,  chiefly  m  order  lo  (il)via.te  all  risks 
through  leakage,  of  explosive  Dnxtuies  of  the 
gases.  In  order  to  attain  its  full  capacity  the 
tem}>erature  of  the  electrolyte  should  be  from 
50°  to  00".  The  temperature  of  the  room  con- 
taining the  electrolysecs  is  therefore  a^  to 
become  exeesmve  untess  adequate  rentilation  is 
pro<luerfl.  'I'he  n  qui.-^ifc  heat  is  ^rr'nt-rated  and 
maintaua-ii  ui  the  »lictroi\ le  by  its  cwji  de- 
eoni}M)tiition,  but  steam  heating  js  frequently 
provided  and  particularly  when  the  electrolvtic 
apparatus  is  arranged  to  work  intermittently. 

The  gufv^i  produced  under  normal  working 
conditions  in  n  good  electrolyser  have  the 
following  degree  of  purity  :— 
Ox\    II.  ''5-97  p.c. 
Hydrogen,  'J7-90  p.c. 

Tho  impurities   are   mainly   oxycen  and 
hydrogen  respectively  and  these  readuals  are 
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largely'  eliminated  by  passing  the  gases  through 
tubes  containing  heated  jmTladium  pumice  on 
their  way  from  the  t>Irfir<iI\><Ts  to  t}i»<ir  re- 
spective holders.  In  the  hiattil  tube,  the  im- 
purity in  each  case  combines  with  some  of  the 
major  gaa  ia  the  form  oC  steam,  vhk^  is 
removed  by  oo&denmtion. 

The  first  cost  of  a  Schuckert  electrolyscr  to 
priHluce  I  cubic  metre  of  oxygen  and  1  cubic 
metro  of  nydrogen  per  hour  is  given  as  about 
£75.  Conwquonfh"  for  n  plant  to  produce 
about  4U.0<-K>  tuliic  feet  u(  oxygen  per  24  hours, 
the  clectrulytic  apparatus  alone,  assuming 
.  current  to  be  taken  from  an  esusting  private 
^  source,  or  public  supply,  exceeds  the  ooet  of  a 
liqni  1  ,,  ir  p[ mt  of  the  sann-  capacity  with  poirtr 
itu'iudtd.  If  the  hr»t  coat  of  tho  current 
generating  plant  be  added  to  that  of  the  electro* 
lyscrs  it  is  probable  that  the  complete  electrolytic 
niataiiatiuu  cmXs  more  than  double  that  of 
liquid  air.  It  should,  however,  be  pointed  out 
^  tttftt  in  smaller  plants  this  difference  in  first  cost 
is  not  so  marked,  whilst  hydrogen,  as  the 
eleetrulytic  hv-j)ro(liut,  is  at  present  a  more 
Uiieiul  commodity  than  the  nitrogen  of  liquid  air. 

The  oost  of  decomposing  irater  bir  electrolysis 
i:itr  it  components,  oxygen  and  hulrogen.  is 
mainly  a  question  of  the  electromotive  force 
involved,  «ad  the  oonsonkition  of  energy  under 
normal  conditions  ean  be  zeedilj  calculated 
from  existing  data : — 

One  ampere  <Iecomposc8  0-335664  grm.  of 
water  per  hour,  and  liberates  0  037273  grm.  of 
hydrogen  and  0*29639  grm.  of  oxygen. 

One  litre  of  hydrogen  weighs  6-(»H0n  ^rm. 

One  litre  of  oxygen  weighs  1'430U  grm. 

Therefore  in  one  hour  an  am|ieie  liberates 
from  wster  0-416  litre  hjrdrogein  and  0-208 
litre  oxygen. 

Calculated  on  Thomson's  law,  according  to 
which  the  heat  disennged  by  the  formation  of 
water  equals  the  E.M.F.  neoemsry  for  its  de- 
composition, it  is  fouiul  that  l-/)  volts  is  the 
£.M.F.  required,  la  practiei-,  it  it*  not  ]K>ssible  i 
to  realise  this  theoretical  R-sult  and  it  is  a<l- 
mitted  that  an  JB.M.K  of  not  less  than  2-6  volts 
is  necessary. 

Tho  production  of  208  litre-s  of  oxygen, 

calculated    on    this     latter    vnltapp,  gives 

0*208x1000     o«  rt  1*        .  1  I 

'  "   =83-2  litres  ol  oxygen  per  kilowatt 

boar.  Therefore,  to  obtani  1  enbio  metre  of 
oxygen  nn<)  2  eiibie  metres  of  hydfogen  exROtly, 
J  2*0  kihuxUt  kourt  arc  required, 

Sohuekert  gives  the  oonsnmption  of  energy 
with  his  eleetrolytic  system  as  12  to  1 !  kilowatt 
hours  per  cubic  metre  of  oxygen.   The  niauager  j 
of  a  uuge  fiufeaiy  in  Germany,  employmgl 
Garuti's   process,   rccrntly   pnve   the   ]in'sent  ' 
writer  the  tigurc  of  Hi  H  Ji^luvvalt  hour.s  as  his  | 
experience,  and  16  kilowatt  hours  has  l>een  : 
{riven  to  the  writer  by 'other  users  of  Jaige 
ewctrulytic  plant. 

An  average  of  14  kilovvatt  hours  (say)  20 
B.H.P.  hours,  is  consequently  a  reasonable 
estimate  of  power  lequired  in  actual  experience 
with  lar^e  plants  for  the  electrolytic  pro<luction 
of  one  cubic  metre  of  ox^fgnu  and  two  cubic 
metres  of  hydrogen. 

An  electrolytic  plant  of  the  caparity  ■^vhieh 
has  been  considered  in  the  case  ul  liquid  air, 
vis.  an  ontpnt  of  4(^000  oubio  feet  of  oi^gen 


per  24  hours,  requires  therefore  more  than 
9  times  as  much  motive  power  as  the  eorre* 
Rponding  liquid  air  plant.  .ANstiinint:  that 
current  is  drau-u  from  a  public  fcupuly  ut  ^d. 
per  unit  (a  price  at  whidh  it  can  bo  readily 
obtaincil  to-day  in  many  places),  the  cost  of 
energy  i»er  1000  cubic  feet  of  oxygen  is  16*.  Sd. 
Allow  ini:  2.f.  4d.  to  cover  other  direct  charges, 
such  as  wages,  material,  current  losses,  renewal 
of  plates,  &0.,  and  assuming  the  same  depreeia' 
tion  and  interest  on  capital,  then  r^anhd  as 
oxygen  producing  processes,  the  re.siK-ctivo 
figures  of  3s.  Sd.  and  19s.  may  be  taken  as  a  fairly 
accurate  comparison  of  the  cost  of  pnxhu  tion. 

It  is  obvious  therefori',  that  laileHs  a  ready 
market  can  be  foun<l  for  hydrogen,  the  electro- 
lytic |icocees  cannot  at  present  compete  on  equal 
terms  with  liquid  air  plants  in  tlie  oxygen 
factory. 

IHDU8TBUL  PboOUCTION  AVD  USBS  OV 
OXYtiXK. 

Prior  to  Unde's  invention  of  1902,  ox>gcn 

fur  industrial  pur p«>ses  was  ])roilueed  h\  eleclru- 
lysis,  except  iu  this  country  where  the  Barium 
Oxide  ^drocess  was  for  many  years  successfully 
employed  by  the  Britisl}  Oxygen  Company. 
The  Barium  Oxide  process  must  to-da^  bo 
ri'garded  aa  obsolete  because,  in  first  cost,  quality 
of  oxygen  nirodu<»d  and  cost  of  proiiuotion  it  is 
quite  unable  to  compete  with  Linde's  liquid  air 
process. 

The  electrolytic  j»'ocvtiS,  on  the  other  hand, 
can  at  least  supply  a  gas  of  equal  purity,  and 

where  a  useful  ouffet  can  he  found  for  hydrogen 
the  process  can  probably  hold  its  own — particu* 
larly  in  casc-.s  where  small  private  plants  are 
required  to  produce  oxygen  in  the  works  where 
it  is  to  be  consumed. 

Thri-e  circumstances  have,  however,  con- 
spired in  recent  yearn  to  an-e,st  development  in 
the  use  of  eleetrolytie  a])]NirAtU8  for  the  pro- 
duction of  oxygen,  'i  he  lirst  is  the  e8tabli^hcd 
success  of  the  Lindc  proeeKs.  The  secontl  is 
tho  introduct  ion  of  oxy-acetylene  welding  which 
has  not  only  largely  su|R'rsedc<l  the  ohier  method 
of  oxy-hydrogen  welding  but  bus  in  conbcmieiice 
created  an  extensive  demand  for  oxyg<'n,  per  «e, 
thus  detracting  largely  from  the  value  of  the 
hvdrogen  prodttct  mi  which  the  sueoem  of  the 
efectroiytie  jiron-.'-K  mainly  dejx  nds.  The  third 
if!  the  low  price  at  whiclj  usygen  can  now  be 
ol  tanud  in  cylinders.  This  tends  to  rsstriot 
the  .sale  of  apparatus  for  private  manulaetuie 

of  the  gas. 

Undoubtedly  the  two  most  important  in- 
dustrial outlets  for  oxygen  at  present  are  o^- 
acetyk-ne  welding  and  oxygen  metaLoutting. 

Ncith"  r  protos  Ikcm  l>efore  the  ))uljlic  for 
more  than  six  years,  yul  cngmeurb  h&\e  been 
quick  to  reeogiiisie  the  fact  that  each  affords  a 
\al\i.itk-  and  c<'<>iioniical  method  of  dealing 
with  an  immcnhc  variety  of  metallurgical 
oi>i'ration«. 

The  increased  demand  for  oxygen  due  to 
thefte  developments  has  led  to  a  very  large 

ini  ii  a.M-  in  lln-  number  of  oxygen  factoru.-. 

In  this  country,  besides  tho  numerous 
extensions  of  the  British  Oxygen  Company,  to 
which  reference  ha.s  already  been  madi  .  a  nu  ruber 
of  eioclrulytic  plautd  exist  whicli  proiiuce 
oxyg^  either  for  inivate  use  or  distribution  in 
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oylinden.  In  Germaajr*  Franco,  and  Belgium,  •  volume  of  ^.aootyleno*  In  jpractice, 
nx  years  ago.  then  existed  altogether  about  I  with  the  oxy-acetylene  Uovpipe,  it  is 

factories  iicarlv  all 


years  ago, 

tu'f'Ivo  oxygen  lactones  nearly  all  euipiDvinp 
electrolytic  plantti.  To-day  tii:it  numiier  h&a 
been  quadrupled  by  liquid  air  plants  alone  and 
a  con.siil'  iiil)!!'  number  has  also  been  installed 
in  private  works.  Every  oouutry  in  Europe, 
except  Portugal,  haa  now  one  or  more  oxj'ccu 
faotoriea,  and  it  is  no  exaggemtioo  to  say  tnat 
all  important  engineering  oentiee  haTe  praoti' 
Ciilly  unlimited  supplies  of  oxj'gen  iivailable.  in 
fact,  the  supply  at  the  present  time  considerably 
exceeds  the  demand. 

Tho  total  consumption  of  oxygen  in  Germany 
in  l^li  \v£Ui  about  150,000,000  cubic  imt. 
In  France,  it  was  about  100,000,000  cubic  feet 
and  in  England  about  two-thirds  that  amount. 
90  p.c.  of  the  total  conHumption  may  safely  bo 
attributed — in  about  equal  proportions — to 
iralding  and  metal*outtiu£.  The  price  o  f  oxygen 
in  eylinden  for  these  industrial  applications  is 
about  the  sftme  in  each  country  and  varies 
from  to  cubic  foot,  acooniiug  to  locality 
and  the  quantity  purchased. 

In  tho  United  States  of  America,  develop- 
ment has  been  slower  owing  to  the  dearth  of 
oxygen  factories.  Five  of  these  are,  however, 
now  in  operation,  equipped  with.  Ijndo  plante. 
and  at  least  two  other  faetoriee  exist  for  the 


however, 
found  that 

the  best  welding  results  arc  obtained  with 
1'6  volumes  ol  oxygen  to  1  volume  of  acetylene. 

The  strength  of  the  weld  produced  by  the 
name  i.s  alinoht  invariably  somewhat  less  than 
that  of  the  original  material.  This  may  often 
be  due  to  the  use  of  welding  strips  of  inferior 
tentdle  atrength.  it  is,  however,  oudeniablo  that 
the  Btmetnre  of  the  material  in  tiie  weld  is 
less  homogeneous  than  in  other  part.-^.  A  good 
weld  is  largely  a  nuilter  ol  t^kili  on  tkt>  jjait 
of  the  individual  wilder.  It  is  jKisaible  for  a 
competent  welder,  at  his  own  disen  tion,  to  give 
a  greater  or  less  strength  to  the  welded  part, 
and  for  this  reason  it  is  impossible  to  draw  con- 
oinsiona  from  the  work  of  one  man  as  to  the 
work  of  another.  Oxy-acctylene  welding  must 
bo  regarded  as  a  trade  whieh  can  only  be 
mastered  by  intelligent  work  and  gradual 
development  irom  simple  to  diJBcult  jobs. 
Much  depends  on  the  intelligence  and  ability 
of  the  workman.  A  i»killul  \ktlder  will  u&u  » 
hammer  freely  as  well  as  a  blowpipe,  more 
especially  on  vertical  or  overhead  welds  in 
plates  w^ich  are  subsequently  to  be  Bubjeeted 
to  pressure  htrain^.  By  the  judielous  use  of 
hammering  at  the  right  mouieiit  on  the  welded 
part  the  metal  can  always  be  made  denser,  with 


electrolytic  prodnrtion  of  oxygen.  The  oxygen  '  the  re.sult  that  the  stnogth  oi  the  W«ld  IS 
industry  is  Lherotore  certaui  to  expand  rapidly  increased. 

in  America  during  the  next  few  vears.  '      The    oxy-acetyleiie    system    of  blowpipe 

In  order  to  complete  the  lint,  it  may  be  welding  is  empktyed  in  two  forms,  which  may 
atlded  that  f-inde  oxygen  plant.s,  for  the  develop-  be  describe<l  as  the  high  and  low-preMOte 
ment   of   oxy-acctylene   Melding   and   metal-  sy.steniy. 

cutting,  have  been  recently  erected,  or  are  in  I  The  tirbt  to  be  iutioduoed  was  tho  high- 
course  of  erection  in  Aostnliat  New  Zealand,  |  pressure  system,  in  which  both  gases  are  de> 
South  Africa,  Egypt.  India,  Cliina,  Japan,  fivcred  to  tlie  blowpipe  midcr  pri  .>.sure.  Oxj'gen 
Brazil,  and  the  Argentine.  is  aupphcti  iiom  an  ordinary  trtulc  cylinder,  and 

Oxy-aret^eM  Vidiing,  The  temperature  of  \  acetylene  from  a  cylinder  in  which  it  is  dissolved 
the  flame  in  a  good  oxy-acetyleue  hlowjiipe  is   in  a  porous  material  soaked  in  acetone.  Acetone 


has  the  property  of  absorbing  25  times  its  own 
\olume  of  acetylene  at  atmosjiheric  pressure, 
and  it  continues  to  do  this  for  every  atmosphere 
of  pressure  tiiat  is  applied  to  the  gas.  This 
system  afTnrds  an  exctllent  and  safe  method  of 
transportuig  acetylene  and  it  supplier  engineers 
with  the  nicaus  of  using  the  oxy«acetylene 
blo'n-pi|x^  in  its  most  portable  form.  It  haa 
many  u.seful  applications,  and  for  repair  work 
generally,  but  more  esptn  ially  on  board  ship, 
ia  disaooiated  into  hydrogen  and  o»gen.  the .  this  system  is  admirably  adapted. 

t.^^  1  ^  ._       A  J     ipg^  low-preseure  ayetem  ia  almost  ex- 

elu.-ivcly  employed  for  welding  purposes  in 
enginecnng  woriis.    In  this  latter  method,  only 


approxiiutttel V  3315  (GOOO^F.).  Thife  high  tempe- 
rature is  mainly  brought  about  by  the  combusticui 
of  carbon  to  oarlwn  dioxide.  Acetylene  has  a 
heating  value  of  about  1800  B.T.U.  per  cubic 

foot.  It  is  an  endothermic  gas  approximately 
composed  ot  92-6  p.c.  carbon  and  1'5  p.c. 
hydrogen,  which  in  combustion  with  oxygen 
form  carbon  dioxide  and  water  In  conse- 
quence of  the  higli  tlamt!  t<;inpcraiuie,  however, 
the  water  formed  by  this  primary  combustion 
ia  disaooiated  into  hydrogen  and  oxymn,  the . 
latter  element  combines  at  onoe  in  the  flame  I 
with  till-  earhoii  of  the  acetylene  to  form  carbon 
dioxide,  whilst  the  hydrogen  can  only  combine 
with  oXA'gen  which  has  passed  ovt  of  the  hottest 
zone  of  the  fiiiuie,  and  thus  does  not  involve  a 
consumption  oi  heat  at  t  he  expense  of  the  hottest 
port.    It  is,  in  fact,  claimed  for  oxy-acetylenc 


oxygen  is  requireil  from  a  oylinder.  Aoetyleno 
may  be  taken  from  any  ordinary  genoator  of 

approve<l  design. 

Oxjgen  has  to  be  supplied  to  the  blowpipes 


welding  that  the  hydrogen  forms  a  relatively  l  at  a  constant  low  pressure  of  fr>'m  5  to  30  lbs. 
cool  jacket  round  the  hot  flame  produoed  by  I  according  to  the  size  of  blo\v  pi]>e  employed. 

the  rijinhu>iion  of  c  iil  <iii  in  oxygen,  and  t!i  it  For  this  purpose  the  high  and  varying  pressurt? 
as  the  hydrogen  is  not  able  to  combine  with  of  tho  gas  cylinder  is  reduced  to  the  constant 
oxygen  at  tho  very  high  temperature  which  |  low  pressure*  required,  by  means  of  a  pressure 
exists  within  the  inner  zone,  but  remains  regulator  which  is  attached  to  the  cylinder. 
teiiipoiurUy  ui  a  fnc  st  U( ,  it  protects  the  inner  Acetylene  (which  must  be  well  purified)  is  con- 
zone  in  a  measure  trom  loss  of  heat,  whilst  vcyed  by  any  .suitable  system  of  piping  from 
largely  excluding  the  tendency  to  oxidation  of  i  the  holder  of  t  ho  generator  U)  the  place  where 
tlie  metal— a  defect  from  whieh  all  other  |  it  is  to  be  employed.  The  blowpipes  used  are 
methods  of  \\<  I  ling  suffer.  in\  ,n  i  iM\  o\  i\u   injector  ty^x;  in  which  the 

Theoretically,  2^  volumes  of  oxygisu  are  .  oxygen  under  a  suitable  pressure  is  made  to 
fequired  for  the  complete  eomboation  of  1 1  draw  tha  neoettaty  quantity  of  aoetykne  into 
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thi-  blowiMpo  and  thtMi  deliver  Ixith  gases  well 
mixed  and  under  sufficient  pressure  through 
the  Invnar  nozzle. 

Ficr.  6  illustrates  a  popular  typo  of  an 
injector  blowpipe  which,  in  addition  to  possess' 
ing  all  the  luiial  ohataoteristios  of  snoh  a  tool. 


Vm.  6. 


is  fitted  with  a  head  tvjhioh  can  be  adjusted  «is 
in<lieated  to  suit  any  special  conditions  of  work. 
-  It  id  impossiblti  u>  biiumerate  in  detail  all 
the  work  which  maj'  be  executed  by  the  oxy- 
Meiylene  blowpipe  npidlj  and  economically, 
bat  the  following  an  aome  of  the  applications 
for  11  it  Iiaaalnady  iMen  advaatageoiuly 
cmploywl : 

The  fuflion  welding  of  bicycle  frames,  forks, 
tee  standards,  wheel  rims,  &c. ;  the  fnaion  wr  ld- 
ing of  frames,  wheel  rims,  &c.,  for  motor  cars; 
the  repair  of  looomotivc  frames,  &c. ;  in  the 
mannfaotare  of  inm  or  steel  motor  or  other  boats 
as  a  rahstltTite  for  rivets ;  the  fusion  welding  of 
dome.stic  and  other  hot-water  fxiilers  ;  tlie  repair 
o^  steam  boilers,  boiler  flues  uid  other  apparatus 
*i»  mNt;  the  fnaion  welding  of  ated  or  iron  tanks, 
&c. ;  in  thp  manufacture  of  safes;  the  fusion 
jointing  of  pipes  of  every  denoription  and  shape 
for  steam  superheaters,  &c. ;  the  fusion  welding 
nf  all  joints  in  metallic  easLs.  fwtrolpum  barrels, 
&.C,  i  as  a  substitute  for  riveting  in  thin  sheet 
ironwork,  wucli  as  enamel  ware ;  artistic  iron- 
yratk ;  the  repair  of  cracks,  blisters,  and  flaws 
in  iron  and  tteel  eastings,  forgings.  Slc.  ;  as  a 
substitute  for  brazing  in  many  instances, 

Meial  cutting  by  oxygen.  This  prooe»H  i.s 
based  on  the  wttll-known  fact  that  a  jet  of 
oTViTPn  direeied  upon  a  previously  heated  spot 
of  metal  ignites  it,  with  the  renult  that  the  metal 
acting  as  its  own  fuel  bams  AW»y  rapidly  in  the 
form  of  metallic  oxide. 

tn  the  year  1989,  the .  late  Ifr.  Thomas 
Fletcher,  of  Warrington,  showed  that,  after 
heating  an  iron  plate  to  incondc^'nce  by  means 
of  the  oxygen  and  ooal-gas  flame  obtained  with 
one  of  his  hlow-pipeK,  it  was  possible,  by  largely 
increasing  the  supply  of  oxygen,  to  'fuse  *  holes 
and  even  slots  in  the  plat*  . 

Twelve  years  later,  the  same  process  was 
applied  practically  by  Dr.  Menne,  of  Germany, 
to  the  opening  up  of  tuyeres  in  Mast  furnaces 
which  had  become  blocked  by  the  solidification 
of  metal. 

The  use  of  oxygen  for  this  latter  purpose 
proved  w  successful  that  its  value  in  the  cutting 
of  metal  was  again  soggested.  Theoretically, 
once  iron  is  ignited  in  oxj'gcn,  if  a  powerful  jet 
of  the  gas  is  maintained  in  operation,  it  should 
be  po>>!lile  U)  burn  away  the  metal  without  any 
auxiliary  source  of  heat.  Oxide  of  iron,  how- 
ever, is  formed  at  a  comparatively  low  tempera- 
ture and  lacks  fluidity.  It  wiis  fonnd  diflif  idt 
in  practioe  to  eliminate  all  the  oxide  which  was 


formed.  "Much  of  it  adhered  to  the  partially 
molten  metal,  thus  preventing  the  intimate 
contact  of  metal  and  gas,  with  the  result  that 
coml>u?tion  Efoon  failed,  and  the  cutting  opera- 
tion was  arrested.  The  process  was  in  con8c> 
qnsnco  intermittent,  the  consumption  of  oxygen 
^vastef ul,  and  the  cut  wide,  coarse,  and  irregular. 
In  1904,  a  cutting  blowpipe,  which  is  a  very 
simple  solution  of  this  difficulty,  was  patented 
and  subeequently  introduced  b^r  the  Soci6t6 
Anonyme  L*Oxhydrique  fotexnatUmale  of  Bel- 
gium. It  consists  es-sontially  of  an  oxy-hydro- 
gen,  oxy -ooal-gas  or  oxy -acetylene  L»loHj>ipe, 
with  an  additional  passage  through  which  an 
inde])endent  and  separately  controlled  stream 
of  oxj'gen  is  supplied  at  the  discretion  of  the 
operator.  This  separate  supply  of  oxygen  may 
b«  dischaioed  thioogh  the  oentre  of  the  blow- 
pipe, in  wnioh  ease  the  mhnd  gases  employed 
for  heating  are  conducte<l  lhr<  iK-h  an  ituiulus 
surrounding  it,  or  the  supply  may  be  bn>ught  in 
a  passage  immediatdy  behina  the  heating 
flame. 

This  simple  expedient  of  maintaining  an 
independent  heating  jet  in  operation  whilst  the 
cutter  is  tcairelling  renders  the  cutting  operation 
continuous.  It  fumi.<!hes  the  quantity  of 
additional  heat  necessary  to  render  tin  <  xide 
fluid,  so  that  it  can  be  blown  away  through  the 
cut  by  the  separate  jet  of  oxygen. 

The  cutting  oprration  is  very  simple,  and 
can  be  mastered  by  any  inteiligetit  workman 
in  a  few  hours.  The  edge  or  surfaoe  of  the 
plate  at  the  point  to  be  cut  is  first  heated  by  the 
mixed  jet  of  oxygen  and  any  suitable  fuel  ga.y. 
When  this  spot  has  been  brought  to  a  state  of 
incandescence,  a  fine  cutting  jot  of  oxygen  is 
discharged  upon  it.  TIds  nnmediately  produoss 
Combustion  of  the  metal,  with  the  resulting 
forujation  of  iron  oxide.  The  jet  of  oxygen  is 
made  sufficiently  strong  to  blow  away  this  iron 
oxide  in  front  of  it,  with  the  result  that  a  clean 
narrow  cut  effected  through  the  metal  at  a 
speed  of  travel  which  is  comparable  with  hot 
sawing.  The  metal  on  each  side  of  the  out  is 
neither  melted  nor  ii\fiired  hi  any  way,  as  the 
action  proceeds  too  rapidly  for  the  heat  to 
spread  ;  in  fact  the  edges  present  the  sharp  and 
purely  metallic  svrfaoe  of  a  saw  cut. 

The  cutting  may  be  made  to  follow  any 
desired  line,  executing  circles,  curves,  or  pro- 
files as  desired,  for  which  purpose  guides  and 
other  mechanical  contrivances  are  employed. 
Bevel  oats  oaa  he  made  and  the  prooesi  oaa  he 

o^ 


ir 


Fio.  7. 


j  employed  for  the  cutting  of  all  grades  or  con- 
,  ditions  of  steel,  as  the  action  l>eing  chemical 
:  rather  than  mechanioai  the  quality  of  the 
j  metal  does  not  materially  afl'teet  the  fssnlts. 

V\.j,.  7  illustrates  a  |x>])ular  type  of  hand 
metal  cutter,  of  the  concentfio  type,  in  which 
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the  oxv"."  '!  f<»r  culliiii:  is  tUschar::'  <1  (Lruiiirh  the 
centre  oi  the  Uuvepipe  whilst  the  mixed  gatiea 
for  hwting  are  ocmdnotod  through  an  aonular 
passage  snrmiinrling  it,  all  gu  aappli«t  bnng 
Hcparately  controlled. 

Special  appliances  arc  supplied  for  ensurinf; 
a  steiady  movement  of  the  hand  cutter,  a  matter 
of  considerable  iniportance  where  neat  and 
accurate  Mork  is  (fesiretl.  In  fact,  machineK 
and  appliaacoi  are  contitantiy  being  devised 
with  the  object  of  extending  the  applioationa  of 
the  prooen  and  of  impKOving  the  rosulta  ob. 
tained. 

The  proceBw  may  be  employed  for  oatting  sec- 
tions of  any  thickness  up  to  and  even  exceeding 
12  inches,  and  the  samr  i  utter  can  be  employed 
vithoQt  any  «tructural  alteration  on  plates 
varying  in  thickneaa  within  wide  limitn ;  all 
that  i«  neopssary  is  to  inereaM  the  velocity  and 
quantity  of  oxv^t  n  used  for  cutting,  to  corrt  - 
spond  Avith  the  increaactl  thicknct^  of  the 
plate. 

As  indicating  the  remarkable  pos,sibj|itios 
uf  thui  procoaa,  the  fu]lo\%-ing  results  obtained 
in  the  cattmg  of  niekel-ohrome  steel  Mmour 

plate  are  interesting. 

With  a  sinale  jet  of  oxygen,  a  plate  9J  in. 
thick  was  cut  ihrough  at  the  rate  of  nne  foot  in 
3|  minutes  with  a  consumption  of  30  cabio  feet 
of  oxygen  per  foot  run. 

A  platf.  12  in.  thick.  \vas  cut  through  nt  thr 
thU:  oi  one  foot  in  4^  minutes  with  a  conKUmp- 
tion  of  50  cubic  feet  of  oxygen  per  foot  run. 

Such  result.s  aa  thesje  indicate  the  immense 
field  of  operation  both  in  C4»nHtni<!tional  and 
dcatructional  ironwork  which  lies  l^efore  thi.M 
important  application  of  oxvgen.    K.  S.  M. 

OXTHAsHOOLOBm  tr.  'Blood. 

OXYLIQUIT.  Liquid  air  mixef!  uitli  n\i- 
disalji'-  -iulisfaiio  s.  such  as  wood  cliaitrual. 
L'.M'il  as  ;in  (  \  [    -  1  \  e. 

OXYPHENiNE  (Chforopf.  uhir,  rhhramine 
Yellow,  Diamine  Fast  Yilloic  li,  2  i,  etc.)  v. 
Pkimi  i.in  k  and  its  DFi'.iv  \  ri\  1  >. 

OXYPHLOROGLUCINOL  o.  Phxnol  akd  vn 

ROMOI.00UVS. 

OZOKERITE,  known  in  rictinativ  also  a« 
Erdivacha,  Jiergtatg,  iicrgwac^s  Fossihs  traclm, 
MinenJfHt,  mtiMro/MeAe*  Msehenwachs,  in  Mol- 
dau  al.so  Zi-'fmrif^  mid  in  !h<-  neighltourhood 
uf  the  (  ispiuu  .Slu  a-^  XuphUjtl,  Xaphntil. 
^'Jt'jih  Stjttgil,  yfffnrhiljs  n  naturally  occurring 
solid  Uydroearlxm  of  the  oleiine, or  ('„ U.„  sericK. 
Otokerite  in  found  chiefly  in  the  Mioi  eneforma- 
tion  in  Boryslaw,  near  Drohowye?..  and  in  the 
region  o£  Staniidawow,  Galioia.  The  veina  in 
which  it  oceurs  are  40  to  80  mitres  deep,  and 
1  metre  in  thicknes.s.  They  pa.sa  throuyn  beilH 
of  siind,  from  S  to  10  njt  lii;*  deep,  containing 
larue  stones,  and  then  through  blue  clay  and  a 
plii-stic  loam.  From  thib  blue  clay,  naphtha 
usually  spring.s.  The  centre  of  the  ba.Min  is 
rii  hcrtt  in  wax  ;  in  some  cuKeH  ma-i.Hes  iA  such 
extent  have  been  tapped  that  the  miners  iiave 
hardly  had  time  to  escape  before  the  wnrking<7 
were  tillcl  uifli  the  plastic  niinn  il.  Such  a  dc 
poiiit  wa8  f<»und  m  the  dt-epest  i>haft  at  iiury- 
slaw,  at  a  depth  of  208  ni<  tn  s  (227  yarclA).  in 
general.  hiivv(\«T,  tin-  virjd  of  wax  \iirics  a* 
from  i  to  S  p.i-.  of  the  nnnctal  i-xt riutrd.  {)/•> 
kerit*'  was  diM  ovcred  in  lH:t3  by  Dr.  May«>r.  in 
Slanic  in  Koumania,  and  Glucker,  who  anaiyiied 


it  in  the  s.iinr  year,  gave  the  mineral  flii.^  name, 
deriving  it  from  two  Cireek  words  meaning  *  to 
smell*  and  *wax.*  It  was  liUsoovered  in 
Galicin  by  T>nnT;  in  18.54.  At  first  it  was  re- 
gardeti  as  an  unwelcome  companion  to  the 
petroleum,  as  it  frequently  caused  the  timbering 
of  the  sliafts  to  (olIapM'.  It  waH  not  untu 
about  2U  years  l<j,tvi  tluit  tliis  substance  began 
to  attain  commercial  importance,  a  methoti 
having  then  been  discovered  of  producing  from 
it  a  Sttbatanee  resembling  beeswax  and  named 
ceresin. 

In  1865,  ozokerite,  which  had  previously 
been  regarded  as  a  Crown  mineral,  was  declared 

free,  and  th  n-i  tpif  nee  was  that  n  number  nf 

shafttf  wt-it'  Miiiik  lii  the  district,  and  nun  li 
speculation  endued.  The  land  beii^  par(«  li<ii 
out  in  small  plots,  the  shafts  were  sunk  in  the 
immediate  neighbouriiood  of  each  other,  and 
uuu  h  waste  and  danger  ensued.  In  18Sn,  ;i 
law  waii  patised,  whereby  the  right  of  mining  for 
ozokerite  might  be  separated  from  the  owner^ 
sliip  of  thi'  land.  In  1899,  it  wa^s  farther 
enacted  that  shafts  were  to  be  at  least  bU  metres 
distant  from  one  another.  The  extraction  is 
now  carried  out  under  official  supervision.  In 
nearly  every  caae  the  mineral  is  raised  through 
viTti<  al  -hafts  or  pits  -iver  which  a  winxicn  rotii 
is  erected.  The  section  of  the  shafts  in  the 
first  instance  Is  4  square  mdtrM  <43  square 
ffctl;  but,  when  the  ozokerite  formation  is 
reached,  an  inner  shaft  I  mttrc  square  ^iO*70 
square  feet)  is  formed  of  timber,  and  the  space 
between  this  and  the  timbering  of  the  larger 
shaft  is  filled  with  a  rich  clay.  This  construc- 
tion is  adopte<l  to  exchide  the  surface-water, 
which  is  now  kept  down  by  machine  driven 
pumps  during  the  sinking.  Prom  the  bottom  i 
I  if  f  fit-  shafts  levels  are  dnvin  info  the  ozokerite 
ground,  the  rieJier  portions  l>ein;r  laised  and 
the  refuse  used  to  fill  up  the  oM  workings.  The 
softer  part*  of  flie  marl  aie  dislodged  by  means 
of  pick  or  wedL'<  ;  Init  «here  the  rock  is  hard, 
ana  the  pernu->ion  of  the  mining  authorities 
can  be  obtained,  dynamite  is  used«  The 
mineral  used  to  be  raised  by  hand  in  skips  or 
tubs  holding  40  to  .W  kih.s.  (SS  to  110  Jhs.). 
But  electricity  has  now  i>c(*n  applied  tu  tlie 
haulage  and  thb  hoH  greatly  increased  the 
output,  two  men  now  being  able  to  raise  120 
skips  of  I  '.io  kilos,  per  day  where  four  men  were 
needed  to  raise  60  skips  of  50  kilos,  in  the  same 
time.  Modern  methods  of  ventilation  and 
electric  light  have  now  mostlyreplaced  the  hand 
venfiliit  ir^  and  safety  lamps  formerly  employe<I. 
The  timbering  of  the  shafts  requires  constant 
renewal  and  repairs  ;  in  some  oases  it  is  almost 
impossible  to  keep  the  shafts  perpendicular. 

The  water  is  U!5U«iliy  raised  in  tubs,  and 
much  diflicuity  is  exiK-rienoed  in  getting  rid  of 
it  after  it  reaches  the  surface,  on  account  of  the 
numerous  shafts  and  the  broken  nature  of  the 
ground.  Costly  modern  pumping  stations  and 
maciiines  have  now  l>een  erected  fur  this  purpose. 
The  mineral,  when  it  leaves  the  tubs,  fs  sorted 
Iiv  liiiii'l.  'I'lie  wa'^te  KH  k  Is  pirkrd  nut  and 
lipped  to  hjs>d,  lum|Ks  of  ozokerite  are  specially 
s<le<  tftl.  i\m\  the  remaiiKirr  of  the  roek,  con- 
taining,' fniv'iu''tj|H  of  wax,  is  tipped  into  tanks 
full  of  water.  On  beinj;  well  stirreil.  most 
of  the  wa.x  rises  to  the  surface  and  is  skiuimetl 
off.   The  residue  still  contains  from  2  to  3  p.c. 
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uf  A  more  civstly,  ')iit  more  tlummtrh. 

ni'?tti<><l  of  iioparating  the  wax  is  sometimes 
employed.  The  mineral,  after  Ixsing  hand  pioked^ 
is  tip[>e(l  into  cast-iron  vessels,  und  water  nt 
50°  iji  pouffd  uvlt  it.  The  tj«iks  are  heated 
graduaUy  from  below,  until  the  water  boils. 
At  6a^-70^,  the  melted  wax  which  rises  to  the 


tlie  fHlnnd  of  Cllifll«koii  in  the  Gwpiui  See  (ibid. 

18!M),  032). 

North  American  or  Colorado  ozokerHe.  Hem 
extensive  deposits  of  an  ozokerite  like  substance 
are  found,  the  supply  from  which  in  hindered 
only  by  the  transport  difficulty.  On  being 
tested,  however,  the  niAterial  seems  to  be  of 


snrfftoe  is  Isdled  off  Mid  poured  into  cold  water  little  use  for  the  pradnotioii  of  eererin.   It  b 


wlu  Tf  it  Holidifii's.  iiftor  which  it  is  rcinovrd  and 
thi-  Wiitcr  ciintained  in  its  pores  removed  by 
prcssiiri'.  A  further  quantity  of  WAX  IB  obtained 
by  stirrini;  the  remoinint^  Imt  rnntrnts  of  the 
tanL^i.  Thirt  process  is  known  aa  I/cp-Imiling 
(I>epkochen)  (J.  Soc.  C'hem.  Ind.  1892,  117; 
iffid.  im»  230;  Eng.  Pat«.  2242,  1890;  9781» 
1891 ;  Die  Zensinindaatrie,  by  Bda  Laeh, 
1911).  The  <iufintity  of  waste  mineral  boint; 
considerable,  and  the  distance  between  the 
■hsfla  small,  a  sptecial  railway  has  htea  built  to 
remove  the  residues  from  (he  immediate  neigli* 
bourhood  of  the  mines. 

It  has  also  fH  t-n  Httemp(e<l  to  extract  the 
wax  by  means  of  s^ilvents  such  aa  ben7.ene,  bat 
only  with  very  p<ior  results.  The  wax  so  ob- 
tained is  of  a  much  iiuhtcr  colour  and  higher 
melting-point  (73°)  tlmi  the  ordinary  Jdnds, 
bat  is,  neTertheless,  not  so  usdnl  in  the  oeresin  ^ 
industry. 

The  annual  prnduction  has  varied  from  40U0 


u[»[)litd  ineakcH36  x  20  X  fi  em.  in  dimensions. 
It  iH  a  dull  black,  hard  substance,  brittle  and 
pulverisable,  and  smelling  of  catechu.  Care 
must  Ik*  taken  in  heating  it.  as  violent  frothing 
may  occur  frt>m  the  presence  of  water. 
The  crude  .substance  melt^  at  76-0". 
Treated  by  the  above-mentioned  process  no 
oereefn  is  obtained.  Eren  when  heated  to  900* 
it  U  im|)os.Hil)I.>  to  filter  it,  althoii^ih  it  i.s  quite  a 
thin  fluid.  Subjected  to  distiilatiun  it  gives  the 
following  resolte : 

Per  cent. 

ParaflinoU  ....  9000 
iim       .       .       .       .  .2-12 

Water  2-60 

6-28 


It  oommenoea  to  distil  at  360^,  when  nearly 

3  p.c.  of  oil,  solidifyine  at  30^  comes  over.  At 
much  higher  temperature  it  distihi  steadily, 
giving  a  very  fair  orude  product  for  paxaffln  ex- 
traction.   This  HuUstance  is  apparently  more 


to  18,000  ton.,  and  in  certain  yean  the  Tahie  '  ^uit^blc  for  paraffin-making  than  for  the  ceresin 
has  exceeded  1  800.000  doUars.  industry  (BTLach.  J.  Sol  CSiem.  Ind.  1888, 


The  pn>duction  of  ozokerite  in  the  Boryslaw 
district  amounted,  in  1S87.  to  !»tl  i).e.  of  the  total 
output  in  Galicia,  and  was  valued  at  £152,900 
(J.~  Shotsky,  Allg.  flsterr.  Chemiker-  and  Tech- 
niker-Zeit.  1889,  614,  6.^1  ;  J.  Soc.  fhem.  Ind. 
1890,597;  ibid.  1892,  117;  ibid.  lH!t7.  774). 

Since  the  production  of  o/.okerite  has  liecome 
more  costly,  its  output  has  decreased.  Thus  in 
1904,  (iinlicia,  which  practically  supplies  the 
whole  worid  with  the  erode  prodactk  only  pro- 
duced 2908  tons. 

The  oBokerite  forms  lamps  and  layers  from 
3  to  n  decimetres  thick,  so  that  masses  are  often 
found  about  100  kilos,  in  weight. 

Other  deposits  of  ozokerite  are  found  at 
'I'niskawioe,  S'tarunia,  Dwiniacz,  Klecany,  and 
I'ruthale,  always  in  Miocene  formations. 

It  has  also  been  found  in  Hungary  by  the 
river  Iza  in  the  neighbourhood  of  Peoora.  Its 
quality  here  n  similar  to  that  in  Galicia,  but  it 
htiH  not  heen  KyHtematically  worked  up.  In 
various  i»arts  of  Koumania  also,  excollent  ozo- 
kerite deposits  «Bsl  wliloh  have  not  3Wt  been 
exploited. 

Ozokerite  is  found  in  the  Caucasus,  and 
among  the  Wasatch  Mountains,  Utah,  almut 
173  imles  east  of  Salt  Lalce  City,  America,  where 
deposits  of  wldte  ozokerite,  miles  in  length,  are 
said  to  be  found. 

Caucasian  ozokerite  resembles  an  inferior 
Oalieian  varietv.  Melting-point  of  orude  sub- 
Bt'inee  flS".  'treated  with  20  p.c.  of  fuming 
sulphuric  aciti  it  yields  58-1  p.c.  of  weond- 
quality  ceresin  ;  m.p.  fiB-f)'' ;  volatile  portion, 
I'S  p.c.  Tiie  orade  substance  has  a  repulsive 
odour,  is  worked  with  difTjculty  in  quantity,  be- 
(  utncs  .stiff  in  the  basin,  and  iii  i  -^ses  extremely 
badly  (Lath,  J.  Soc.  Ciu.*m.  Ind.  1885, 488J. 

Rich  depcwHta  of  oKokoritv  hate  also  been 
foiinrf  alons  the  bankn  of  the  KcniinKi  near 
Toraca  (J.  Soc.  Chem.  Ind.  1901,  1043)  and  in 


090). 

In  Utah,  a  dark  brown  osokerite  of  m.p. 

5S°-nry.  sp.pv.  nr>2S.').  has  l)een  found  (Seal, 
J.  Franklin  Inst.  IHUU,  100,  4U2  ;  Tdrker.  J. 
Soc.  (  hem.  Tnd.  1891,  736).  Ozokerite  in  ai^^o 
found  in  Pnrtiicrneso  East  Africa,  in  Ohazaland, 
and  in  mau>'  other  parts  of  the  earth,  but 
generally  either  in  too  small  quantitiejt  or  of 
too  poor  a  (juality  to  make  its  extraction  on  a 
large  scale  profitable. 

It  varies  largely  in  composition,  in  m.p, 
(66°-100°),  in  b.p.  (210^-300  ),  and  in  sp.CT. 

I  (0*85'-0-97='),  depending  on  its  source.  The 
native  nzukerfie  is  transparent,  of  a  light-yellow 

'  colour,  and  of  the  hardues-s  of  beeswax.  It 
smells  like  benzene  or  petroleum,  but  the  harder 
varieties  are  almost  odourless.  Tike  iiest 
ozokerite  is  yellow  or  greenish,  and  can  be  easily 
iompressi'd  between  the  finLTti.s.  This  kind, 
however,  is  not  much  used  for  the  preparation 
of  ceresin.  Orokerite  consists  chiefly  of  heavy 
saturated  hydnicarhnns,  together  with  un- 
saturated hvdr<Kar!)ons  and  other  Hub.stAnec8 
(Goslini?.  J.  Soc.  (  lu  iu.  lad.  1898.  741  ;  Israti, 

I  Chem.  Zentr.  1897,  i.  1222;  ibid.  1904,  ii.  1448; 
Fader,  ibid.  1905,  i.  1666;  MorozewicK,  ibid. 
1901),  i.  1113).    It  a])pe!ir,>-  tu  have  l)een  formed 

j  by  the  oxidation  and  decomposition  of  the  hydro- 

I  carbons  of  naphtha,  since  the  action  of  oxygen 

I  on  these  compounds  simply  eliminates  hydro- 
gen. Thus,  tor  example,  naphthalene  gives 
dinaphtbyl  and  water : 

2f„H,+0-C,„Hu-kH,0. 
By  further  oxidation  uompuunda  are  obtained 
of  the  formula  C„H,„  which  react  with  the 
h\dro(  irbons  of   the   marsh-pw   series,  with 
formation  of  very  «*oiiiplex  carbon  compoundi* 

'of  varttHis  melting-points,  as  for  example*—' 
2t'JI,,  +  Oj    C'lJl,.  I  2H,0.  and 
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Arrnrdtnir  to  tin's  hy[)o( hcsis,  the  formation 
(if  ceresin  from  naphtlia  bv  the  oxidation  of  the 
compoundB  of  tho  marsli-gas  neries,  and  tlip 
relationships  of  ozokorito,  naphtha,  and  coal, 
can  be  explained  in  the  simplest  manner 
(Godinjr.  I.e.  ;  Eii^lor.  Chcra.  Zoit.  IJKJfi.  30, 
7U  ;  Kiinkler  and  Schwedhelm,  Chem.  Zentr. 
1906k  i,  1323 ;  Ralmriii,  J.  Rnaa.  Phya.  Chem. 
Soo.  1900,41, 100). 

Tho  best  kinda  of  ozokerite  are  used  in  the 
preptiration  of  ceresin.  For  this  purpcMe*  the 
crude  ozokerite  is  broken  into  small  pieces  and 
melted  in  t<vnks  1)V  the  aid  of  steam  coils.  The 
iiKiss  iH  run  into  retorts  and  distilled  •with  steam. 
When  the  distillate  has  cooled  to  an  oily  mass 
it  Id  rab^eeted  to  hTdnuilio  preHnire,  after  whioh 
it  h  asiain  malted  and  treated  with  fumintr  sul- 
phuric acid  in  vessels  fitted  with  stirrers.  A  full 
aescription  and  figures  of  the  plant  and  materials 
employr'd  is  given  by  Lach  in  his  Zerf  infj\bri- 
kation,  1911 :  v.  also  Gosling,  I.e.).  A  number 
of  methods  of  purification  are  also  described  in 
this  work  {v.  also  Marcusson  and  Sohlflter, 
Chem.  Zeit.  1007,  3L  r>48). 

G(X)d  ceresin  is  not  easily  dlstininiishable 
from  beeswax.  The  following  are  the  best 
methods  of  discrimination — (1)  Ceresin  is  not 
so  ca«;jly  kneaded  between  the  finu'crs  as  bees- 
wax.  and  is  more  brittle.  A  mixture  of  tho  two 
bodies  cannot  l)e  recognised  in  this  way.  (2) 
Censin  is  almost  unacted  on  by  concentrated 
(ralphuric  acid,  whilst  beeswax  undergoes  pcrfeot 
decomposition  by  such  treatment.  To  reduce 
its  cost  and  also  to  render  it  harder  and  more 
wax-like»  eeraein  is  often  adulterated  with 
paraffin,  rosin  or  colophonium,  petrdenm  oil, 
or  \nth  ca>ruauba  and  Japan  wax. 

In  addition  to  the  production  of  ceresin, 
ozokerite  is  used  in  the  manufacture  of  candles, 
ointments,  pomades,  and  shoe  blackings.  It 
is  also  employed  to  some  extent  in  the  manu- 
facture of  shining  black  paper  and  for  the 
imprecmation  of  certain  idnds  of  wood  in 
furniture  manufacture. 

.  Under  the  name  of  okonite,  tho  rc*iiduc 
lemaininilt  nfter  tho  purification  of  ozokerite 
forms  an  cxcellpnt  insulatine  material  for 
eleotric  cables  (J.  Soc.  Chem.  Ind.  1906,  518) 
and  with  an  admixture  of  ."iO  p.c.  India  mhiier. 
ozokerite  is  recommended  as  a  very  good 
insnlatinR  material. 

Paraffin  was  formerly  ohtfiined  from  ozoke- 
rite by  distilling  the  ra«udue.  foiining  ozokerite 
pitch. 

Ozoherite  vatelim  is  obtained  by  allowing 
melted  ozokerite  to  pass  through  12-30  filters 
of  animal  char^  oal  (depending  on  the  degree  of 
deoolourisatiou  roauired).  The  mass  is  then 
treated  with  superneated  steam  for  9-4  hours 
at  250^  ((JoslinL.'.  J.r.). 

OZONE,  or  active  oxifi/en.  Sym.  O,  ;  mole- 
cular weight,  48.  Van  Marum.  in  1786,  noticed 
that  air  or  oxygen  in  the  neighbourhood  of 
an  electrical  ma<  hine,  or  through  which  a  series 
of  electric  nparks  hn<l  l»«H»n  paswd.  acquired 
a  peculiar  odour,  somewhat  resembling  that 
of  chlorine ;  and  Cruiokiibanic  in  1801.  noticed 
a  similar  .smell  durinp  (In  i  lee( re ily.xi';  of  u/ifcr. 
But  Sohunbein.  in  1S4U,  aols  tho  iirst  to  recog- 
nise that  this  (^nieli  wtis  duo  to  the  formation  of 
a  new  gas,  to  \\hleh  lie  gave  tho  name  ozone 
(C^o,  to  smell).    Shortly  afterwords  ho  found 


thnt  ozonp  was  also  formed  by  tho  action  of 
moist  air  on  phosphorus.  At  first  this  eub-- 
stance  was  considemi  U.i  an  oxido  of  hydro- 
gen, but  the  researches  of  Biarignao  and  Dc  la 
Rive,  of  Andrews  and  Tait,  of  Freroy  and  Bcc- 
querel,  of  l^rodie,  and  others,  and  especially  of 
Soret,  established  the  fact  that  ozone  is  an  alio- 
tiopie  form  of  oxygen  prodneed  1^  tiio  eondensa* 
tioti  of  three  volumes  of  oxygen  into  two  of  ozone  ; 
or,  in  other  wordii,  that,  whilst  the  molecule  of 
oxygen  contains  two  atoms,  tiiat  of  ouno  oon- 
tains  three.  Its  formation  may  be  expressed  by 
the  equation  yOg  "20j.  One  view  held  for  some 
time  was  that  ordinary  oxygen  was  comjiosed 
of  negative  oxygen,  or  oeone,  and jpositiTe  oz^geo, 
or  atUoKme,  hat  the  existenoe  of  the  thhd  ttam, 
or  aniozoTK .  has  In-en  disproved. 

Preparation, — Aa  already  stated,  o^^no  is 
formed  when  a  sedes  of  electric  sparks  is  pa«scd 
through  oxygen  or  air,  but  the  proportion  of  the 
oxygen  so  transformed  is  very  small.  A  much 
larger  proportion  of  ozone  is  formed  when  the 
silmt  discharge  is  substituted  for  the  n>ark 
discharge,  a  contraction  of  the  Tolnme  of  air 
or  oxyi;eii  occ\irrint,'  at  thn     unc  time. 

For  this  purpose  a  curretit  of  air  or  oxygm 
is  passed  betwem  the  terminals  of  an  induction 
coil  placed  at  a  short  distnncp  apart  and  made 
as  large  in  area  as  jx'ssitile.  The  original 
SiemeiO  'induction  tulx? '  (1858)  consisted  of 
two  a)ncentrio  j^lass  tubes,  the  outer  tube  beins 
covered,  the  inner  lined,  with  tfntefl.  K 
current  of  air  or  oxygen  is  passed  fhrou^ih  the 
narrow  annular  space  between  the  tubes,  the 
metalBo  surfaces  of  the  innw  and  outer  tubes 
being  connocto<l  with  the  terminalfi  of  an  induc- 
tion coil  or  eloctrical  machine,  aud  thub  trans- 
formed into  terminals  of  laigs  area.  A  number 
of  modifications  of  this  apparatus  have  been 
employed.  In  some  of  these  the  metallio 
terminals  are  replaced  by  good  COJuluet  ing 
solutions,  such  as  copper  sulphate  solution,  &o., 
in  otiien  by  shot,  powdered  graphite,  itc,  and 
tho  inner  (^dass  tufte  may  K>  a<lvantageously 
replaced  by  a  metal  tube.  Li  many  forms  the 
terminals  consist  of  flat  metallic  plates  placed 
close  together  >rith  a  sheet  of  dielectric  (glass, 
mica,  &c.)  between  them,  in  others  one  or  lx>th 
j>oles  consist  of  one  or  more  points.  .Stmio 
inventors  have  claimed  to  get  better  results 
without  the  solid  didectiio,  relying  only  on  the 
thin  layer  of  air  or  nxytien  between  the  platen 
as  the  dielectric.  There  is,  however,  little  doubt 
that  the  solid  dielectric  between  the  electrodes  is 
advantageou.H ;  on  the  one  hand,  acting  tm  a 
condenser  it  increases  the  regularity  of  the 
dischartre,  and  on  the  other,  it  very  greatly 
reduces  the  tendency  to  sparking.  But  in  all 
oases  the  principle  is  the  same,  vte.  the  passage 
of  a  current  of  air  or  oxygen  between  terminals 
of  large  area,  placed  very  close  together,  and 
thug  offering  as  little  resistance  as  ]K)ssible  to 
the  silent  discharge  and  reducing  sparking  to  a 
minimum. 

More  ozone  is  obtained  when  a  current  of 
oxygen  is  used  than  wlien  air  is  employed.  Hie 
propMrtion  is  also  increased  by  thoroughly  drying 
ancfcooling  the  oxygen,  by  increaain the  jm^- 
suro  of  the  air  or  oxygen,  and  by  briughig  tho 
tenuinals  as  near  together  as  {xis^sible.  Sj^arking 
is  very  detrimental,  di  ,-f  ri:'yn..r  much  of  (he 
ozone  formed.    Tho  bcsit  rcttuii/  ih  ubukiueU  when 
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tlu  rt'  IS  a  cuntiuuoua  '  plow  '  discharge.  If  the 
air  ia  moist,  »ume  nitric  acid  is  almost  invariably 
foroMd.  Under  favourable  oonditkms,  and  niien 
great  ofiir^  ip  tnh-n  Ui  keep  the  temperature  of 
the  apparatus  and  gaa  low,  about  25  p.c.  of  the 
o^een  may  bo  converted  into  ozone ;  but  ordi- 
nar^y,  or  on  the  large  soale,  the  pvopoitioa  ob- 
tained is  much  smaller. 

Briner  and  Durand  (Compt.  rend.  1907,  145, 
1272)»  by  immersing  thetr  owtuaex  in  liquid  air 
ftt  ft  tempentore  of  —IM*  socoeeded  m  ocni> 

vcrlin^'  00  p.r  r/  nxv'j"^ii  into  OZOne.  1x1  a 
batb  fit  liquid  i-arborm)  anhydride  and  ether 
(«<-78°),  only  about  11  o.c.  of  the  oi^gen  vnm 
converted.  In  the  liquia  air-bath  the  optimum 
pressure  is  about  100  mm.,  when  the  yield  of 
ozone  reaches  about  55  grnis.  jx'r  kilo -watt -hour. 
As  the  pressuio  inoreases  or  decceaacs  the  yield 
deereasM,  hting  sbont  89  gms.  at  S6S  nun., 
and  37  at  46  mm.  Even  at  —194"  the  !?park 
discharge  only  gives  about  1  p.c.  of  oa^one,  and 
the  anUiors  suggest  that  even  thi«  amount  is 
probably  due  to  the  action  of  the  silent  dibchargc 
8imultaiico\isly  occurring.  The  authors  found 
that  under  tlie  conditions  (jf  their  experiments 
very  little  heat  was  produced  by  the  silent 
djfloharge,  the  evaporation  of  ttie  liquid  air-bath 
being  hardly  (ipprcciahly  gn»Jit«r  when  thodeetric 
current  wah  parsing  than  when  it  was  not. 

The  yield  of  onmo  pradtaoed  by  the  aetimi  of 
the  silent  discharge  varies  greatly  under  varying 
conditions,  which  will  be  considered  later  under 
the  section  IndmUrial  preparation. 

Sobunbem  noticed  the  formation  of  small 
quantities  of  osone  when  jphosphorus,  partially 
covered  with  wat^'r.  vtrh  left  in  eontaot  with  air. 
The  phosphorus  is  oxidu$ed  to  phosphorous  and 
I^bosphono  acids,  traces  of  ozone  being  formed 
at  the  same  time,  together  wth  some  Hydrogen 
peroxide.  According  to  Vau't  Uo£F  (Zeitsch. 
physikal.  Chem.  16,  411)  4  atoms  of  phosphiimiB 
can  cause  the  production  of  1  mol.  ozone.  If 
the  ozone  remains  in  contact  with  the  phos- 
phorus it  is  soon  decomposed  again,  iva  it  oxidi.scH 
moxe  of  the  phosphorus.  The  beat  results  are 
oMaibied  by  passing  a  rapid  onmnt  of  air  thxong^ 
a  tube  or  bottle  containing  moist  phosphorus  at 
about  24°,  but  the  quantity  of  ozone  formed 
even  then  is  very  small.  The  action  does  not 
take  place  at  ordinary  atmospheric  pressure 
below  6^  and  the  optimum  temperature  is  about 
24".  Under  reduced  prcssun'  the  action  still 
takes  place  at  0**.  The  addition  of  salphniio 
add  and  permanganate  or  diohromate  to  the 
irater  increases  tlie  yield  of  ozone.  Dry  phos- 
phonis  does  not  readily  oau»o  this  reaction,  but 
it  is  found  that  if  the  surface  of  the  phosphorus 
is  kept  bright  by  occasionally  fusing  it,  n/jyuv  is 
produced  without  the  presence  of  wiit^r.  Pure: 
oxygen  does  not  readily  give  this  reaction  unless 
its  preesnre  is  redaoed.  A  nuxtoie  of  oxygen 
with  three  or  four  timee  its  hnik  of  hydrogen 
gives  rather  more  ozone  than  air  does,  but  the 
reaction  is  dangerous,  as  the  phosphorus  nmy 
beoome  heated  to  the  ignition  ^wint  of  the . 
mixture  and  caupo  ex]ilosion.  Thi?  s^low  oxida- 
tion of  tur}>cntine,  oil  of  ciununiou,  and  many 
other  organic  substances,  in  al^o  aooompanied 
by  the  formation  of  traces  of  ozone. 

The  action  of  oonoentratcd  i^uli  htiric  neid  on 
the  peroxides  of  barium,  .-.odium,  li\ ili-o;,:rn,  iVt:., 
and  ou  the  salt^  of  the  per-acid^i  at  low  temjjvra- 1 


1  tures  yields  oxygen  containing  small  quantities 
I  of  ozone.  Potoniam  permanganate  or  diohro- 
,  mate  give  irith  strong  snlpliiixio  aoid  ateonj^ 

ozonised  oxygen. 

If  pure  potassium  chlorate  is  heated  pure 
oxygen  is  produced,  but  if  tiie  ordinary  com* 
mei^ial  salt  is  used  or  manganese  peroxide  or 
another  peroxide  is  added  tie  oxygen  evolved 
contains  traces  of  ozone. 

UryBtallised  praiodio  aoid  when  heated  at 
180^-185'  fanaks  up  into  water,  iodio  aaihydxide, 
and  strongly  ozonised  oxygen  (Rammelsborg), 
and  aqueous  solutions  of  the  acid  and  of  its 
sodium  salt  gradvallyaoqi^  the  smell  of  ozone. 

fluorine  decomposes  water  and  this  reaction, 
especially  at  low  temperatures,  is  aooompanied 
by  the  formation  of  appreciable  quantities  of 
ozone,  amounting  sometimes  to  10-12  p.o. 
(Moissaa).  If  water  is  dropped  into  »  tnhe  of 
fluorine,  deep  hhia  vapours  of  orxme  are  evolved. 

Malaquiii  (J.  Pharm.  Ghim.  1911,  [viL] 
3,  329)  has  described  a  new  and  convenient 
method  of  preparing  small  quantities  of  ozone. 
20  grms.  of  ammonium  persulphate  are  mixed 
with  15  grms.  of  nitric  acid  in  a  flask,  the  air 
displaced  by  carbon  dioxide  and  the  mix- 
ture then  oarefolly  heated  to  95*-75*.  The 
n'nction.  whicli  is  exothermic,  then  proceeds 
Mpoiitaneoujily.  and,  the  resulting  ga^i,  after 
being  freed  from  carbon  dioxide  by  passing 
through  weak  potash  solution,  consists  of  3-5  p.c. 
ozone,  mixed  with  about  90-92  p.c.  oxygon  and 
4-5  p.c.  nitrogen.  It  is  not  advantageous  to  use 
larger  quantitiea  of  the  ingredients  than  the 
above,  nor  to  increase  the  quantity  of  nitric 
acid.  • 
The  oxygen  evolved  at  the  positive  electrode 
during  theewotioIjBis  of  strongly  acidulated  water 
contains  ozone  when  the  anode  is  composed  of  a 
non-oxidisable  material,  suoh  as  gold,  platinum, 
lead  peroxide.  Batmckradinaiyoonuitionstho 
quantity  formed  is  very  small,  especially  if  the 
surface  of  the  .electrode  is  large.  The  quantity 
of  ozone  produced  is  increased  by  increasing 
the  intensity  of  the  current,  by  deoxeasing  the 
smfeoe  ot  the  anode,  and  1^  redndng  the 
t<>m[x^rature.  Fischer  and  Ma.ssenez  (2<eitsch. 
anorg.  Chem.  1907,  52,  202)  us(k1  as  anode  a 
narrow  platinum  tube  coated  with,  glass  with  a 
narrow  sUt  cut  through  the  gla.HH  .'•(j  as  to  expose 
a  very  small  surface  of  platinum.  The  anodo 
was  kejit  cool  by  circulating  through  it  a  current 
of  calcium  chloride  solution  at  —14%  and  the 
eleotrolyte  itself  (solphnrio  aoid  with  fire  times 
its  volume  of  water,  i.e.  just  below  the  oon- 
oentration  of  greatest  conductivity)  Wiw  kept  at 
0*.  Under  these  conditions  they  obtained  oxygen 
rontainincr  28  p.c.  of  ozone  by  weight.  Fi.soner 
and  Bcudbc-ioha  (Zeitsch.  anorg.  Chem.  IQOd,  61, 
13, 153),  by  embedding  platinum  foil  in  glass  and 
grinding  away  the  e(^  so  as  to  expose  a  line 
of  platinnm  of  0*01  mm.  width,  have  obtiUne^ 
oxvfxf  ii  n  iiituinint;  23  p.o.  ozonc.  Archibald  and 
von  Wart*-iiUrg  (Zeitsch.  Elektrochem.  1911, 17, 
812)  have  found  that  in  the  electrolysis  of 
dilute  sulphuric  acid  the  yield  of  owjno  may  bo 
considorably  increased  when  au  alternating 
current  is  parsed  in  addition  to  the  direct  current 
used  for  electrolysis.  The  alternating  current 
apparently  dt-polarises  the-  electrodes,  in  con- 
^i  (|iir  nee  of  wliiuh  moro  of  the  at^jmic  oxygen 
liberated  at  the  anode  re-combiner  to  form  ozone 
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than  under  ordinary  oomiitions.  The  authors 
loand  that  of  the  anodjo  oxypcn  produced  by  the 

direct  current,  tta  much  as  37  p.c.  ninv  Im>  cvnlvod 


ozone  and  oxides  of  nitroKcn.  It)  these  reactions 
wth  air  current^i  nhort  heating  and  rapid  cooling 
produced  mainly  ozone,  long  famtinff  and  slow 
in  the  form  of  ozone,  although,  ownii.- to  the  large  cooliiifi:  mainly  oaddes  of  nitrogen,  and  long  heat - 
Anoimt  of  gas  produced  by  th.-  alternating  jng  and  rapid  csooling  mixtures  of  ozone  and 
current,  the  content  of  ozone  m  the  total  anodic  oxid.  s  nf  nitmL'cii.  Tii  i  h<  ( nrnl.ii>ti..ii  of  hv.lrogen 
gas  does  not  exceed  12  p.c.  The  electrolytic  and  of  acetylene  hvdrogen  peroxide  among 
preuarfitK.n  is  convenient  for  laljoratory  work,  the  products.  Bv  vanuig  the  oonditione  the 
high  OODOentt»tioils  being  obtamable,  but  the  authoTH  were  abl.  l.iru  'lv  to  eonfml  tlir  fornui 
oonratnptHm  of  onTrent  it  large— out  of  all  tion  of  the  various  piod'uctB.  Wit  h  the  ^ieniHt 
proportion  U>  thai  con.su in.-d  for  the  .-il.i.t  pencU  hi  liquid  air  the  action  of  the  electric 
dischar-o  method— that  there  is  litU©  likcU-  energy  in  the  form  of  heat  approximate;'  to  the 
hood  of  Its  bemg  commercially  avaiUWo.  i  same  "order  of  maimitude  a>.  it  doe«  in  the 

Iho  iornmtion  of  ozone  iH-iny  a  strongly  sUent  diw  har-.'.  A  nipi.l  stream  of  air  or 
cndothermic  reaction,  Nemst  (Ztii.^h.  Elektro-  ,  oa,ne  Wown  dSagonaUy  against  »  Bonaea  flame 
chem.  1903.  9.  891 )  arguetl.  from  tiwoMlM  I  produces  tWMJwTrf  otone.  Mid  htm  been  iragRested 
OOTsgewtaons,  that  at  high  temperatures  oxygen  as  a  technical  metho.l  :  hut  th-.u-li  ih.  uftual 
should  become  Belf-owmised,  and  that  at  6040°  energy  consumed  in  using  high  temperatures 
oxygen  muHt  ront.im  10  p.c.  of  its  volume  in  alone'mnv  not  be  excessive,  the  other  conditions 
the  form  of  ozone.  Much  ezpmmental  \mrk  render  its  t.  chnkal  a].,,hcation  hopeless. 
VfM  oametl  out  to  try  and  produce  owme  by  xhc  caihudc  ray.H  and  the  ultra-violet  light 
heat  alone,  but  ^nthout  success.  However,  ravs  acting  (m  air  or  oxygen  prt>duce  ozone,  and 
Fischer  and  Braohmer  (Ber.  1906,  39,  940),      "  _   ^ »  i. 

Fischer  and  Marx  {ibid.  I'Mx;.  39,  .3631  ;  1907, 
40,  443),  and  Fischer  and  Wolf  (ibid.  1911,  44. 


this  action  is  much  increased  at  low  tempera- 
tures.  H  liquid  oxygen  is  exjwsed  to  these  rays 

,  ,  ^,  ozone  may  be  detci  ted   on   cvapc^nitinL,'  th«' 

2956),  have  proved  the  correctness  of  Nemst's  oxygen.  If  eolid  oxygen  snow  is  dipiK-ii  in 
vicv.       I  !>c  (Icconiposition  velocity  ot  ozone  at  ijouid  hvdroiren  and  enoMd  to  the  nltra-vir 


lOOU  iti  si»  enormous  that  at  that  temperature 
1  p.c.  would  b©  reduced  to  0*001  p.c.  in  O'OOO? 

N'conds.  The  only  ohancp  of  olttahiing  the  ozone 
formeil  at  the  high  temperatures  is,  therefore, 
by  cooling  instantaneously,  i.e.  more  rapirlly 
than  the  decomposition  velocity.  This  ^vas 
effected  by  carrying  on  the  heating  or  com- 
bustion in  contact,  with  liquid  air  or  liquid 
o]Qrgen.   Flames  of  hydrogen,  and  acetylene  ain^^  Tormwh 

***'^*":'?^'*'*'*^^**f*^®?*'*^,**'*"^'r  Th'«  rays  e'manaUng  from  strongly  radio. 
quaHz  tnhr.  uere  phinLje-l  mto  and  contmue<l   active  mcdOs  SOd  theit  salts  produce  trace.«i  of 

J'.'jf      eHJr  ^"^"'i       u  Flames  of  ^^^^ne  when  acting  on  air  or  oxygen  (Curie, 

CO  and  SHt  could  not  be  made  to  bum  in  the  Compt.  rend.  1899,  129,  823). 


liquid  hydr(^i(en  and  exposed  to  the  ultra-violet 

rays,  thr  oxypen.  after  evaporation  of  the 
hydrogen,  is  found  to  contain  ozone  (i>ewarj. 
'fm  action  of  the  ultra»violet  rays  hi  the  sun's 
rays,  on  the  uppev  layers  of  the  atmosphere,  is 
almost  oertainfr  one  of  the  main  oauncs  of  the 
o/.one  ]>res''iit  i!\  tlic  rttTnospherc  But  whilst 
the  ultra-violet  rays  produce  ozone  (rum  ox^gca, 
they  alKo  have  a  destructive  aotion  on  osone 


liquid  oxygen,  but  were  made  to  impinge  on  its 
surface.  Buniing  sulphur  and  burning  charcoal 
Were  thrown  on  to  the  surface  of  liquid  oxj-gen. 
In  all  these  oases  ozone  wa«  ohtainc<l.  the  cooling 
effected  by  the  liquid  oxygen  being  more  rapid 
than  the  mte  of  diH?ompo.<<ition,  thr  ozone 
formwi  wvis  at  once  coultkl  and  immediately- 
dis.solve<l  in  the  liquid  air  or  o^gen*  When  a 
glowing  Nemst  jK^ncil  at  a  temperature  of  nhout 
2200^  was  plunged  into  Iiqui<i  oxygen,  ozone  was 
producoil,  and  when  the  exjx  riment  was  con- 
tinned  for  10  hours  nearly  4  p.c.  of  the  ojygen 
Tiras  converted  into  ocone.  Ottone  was  obtohied 
when  a  curn-nt  of  ow  jrn  or  air  xmt  mmle  to 


Ozone  is  produced  in  ininuta  quantities  ' 
during  the  evaporation  of  water,  especially 
when  the  latter  is  in  the  form  of  spray,  and  this 
forms  one  source  of  the  ozone  present  in  sea  air. 

Properties. — In  almost  all  its  modes  of  pro- 
duction ozone  is  mixed  with  considerable, 
generally  with  very  large  quantities  of  oxyprn 
or  air.  In  this  diluted  state  it  has  a  dtrong  aijd 
cha  1  HI  t eristic  odour,  somewhat  resembling  that 
of  dilute  chlorine,  and  appears  colourless  unless 
viewed  through  layers  of^  several  feet  when  its 
blue  colour  lieiimies  visiM'.  'Hio  odour  h? 
distinctly  dctecle<i  in  air  cutit^iinuig  only  one  part 
f   ozone   in   600,000   air.    Hautefeuillo  and 


impingeon  a  glowing  iNemstpcncU  in  liquid  air,  (^^^^^^  (Compt. 'rend.  IS82.  94,  1249)  first 
or  through  a  p-rforated  penciL  ^V '[U  n.oist  |  „ueeeeded  in  separaimg  appn)ximately  pure 
oxygen  or  With  a  hue  stream  of  water  hydroi  in    ,.,,„,„      „„,.„f„ii'  .  \  


jx>roxide  is  also  formed,  and  with  air  oxidr- 
of  nitrogen  are  present.  In  t  he  latter  ca«<e,  the 
sk>wer  the  stream  of  air  the  more  oxides  of 
nitrogen  are  produced,  the  more  rai  fiid  the  stream 

the  more  o/,i  >ni'.  ^\'it  li  a  -I  ream  <  if  air  of  \ clocity 
above  30  metres  \K-t  second  oumo  akme  is 
produced,  and  below  5  inetn's  iwr  .second  only 
oxides  of  nitrogen.  When  nn  electrically  Ik  atcd 
platinum  wire  at  1700°  Vt'HH  jdungcil  in  lit^uid 
air  ozone  WU  formoil,  but  no  nitric  oxides.  In 
liquid  oi^gon  the  vlathium  wire  fused  after 
disintejrratioTi,  but  by  glazing  it  wth  «ire<m 
chloi  i'li  Ml-  VI  Ilium  nitrate,  the  jil.uinum  w'ni' 
lasted  t»uiue  minutes,  and  uauuc   was  thcu 


e  ljy  carefully  compressing  oz<>nisetl  oxygen 
Ui  125  atmospheres  pressure  at  the  temperature 
of  liquid  ethylene  (  —  103").'  The  o«one  con- 
densed as  a  r]t  i  |)  lilue  li<|uid.  the  superineunilK'iit 
highly  coinpn^.Hi-d  gas  being  also  of  a  deep  blue 
colour.  Liquid  ozone  mixed  with  some  liquid 
oxygen  is  obtaincil  when  a  current  of  o7jniiscd 
oxygen  is  jwissed  into  a  tuU  placed  in  a  l»iiLii  of 
It-juid  oxygen.  La<ienl>urg  (Ber,  189S.  31. 
2508  and  2830),  by  the  oarefol  fractionation  of 
the  mixtuio  thus  formed,  oHafaicfl  oKone  of  a 
purity  of  84*4  p.c.  When  .'-tion  jK  m/,  ,?n^od 
oxygen  is  hubhletl  slowly  tlirough  liquid  (»x,\  gen 

'  Dorian  eAtnin«minti  rare  mu»t  be  taken  to  keeit 
the  temperature  fnun  rising  unicli,  U.H  uthenrisc  the 


produced.  The  aro  tight  in  liquid  air  produced  o«oiw  i« Uable  to  exiUudv  h itii  ureat  violence. 


Digitizco  by  Lj^jk.i 


OZOHE. 


in  a  tnbc,  a  mUt  ^'radiiftlly  fornis  ali^ivr  thr 
surface  of  the  t>.\yg(ii,  and  aftt  r  a  little  while 
a  (lark  blue  drop  of  liquid  ozone  forms  just 
above  the  surface  (Dewar).-  On  raiaing  the  tube 
a  little  this  drop  may  be  brought  into  contact 
with  the  liqtiul  oxyn<  n  in  which  it  immediately 
<iis«olves.  Liquid  ozone  in  a  very  deep  blue, 
almost  black  liquid  which  is  transnarcnt  in 
thicknesses  i.f  less  than  2  mm..  \wt  aixjve  that 
thickncsH  is  almost  opaque.  The  builing-puiat 
was  first  given  by  Olszewski  (Monatsh.  1887, 
8,  09)  as  —106°.  A  careful  ro -determination 
by  Troost  (Compt.  rend.  1808,  126,  1761)  gave 
—  119".    Liquid  ozone  is  fairly  stable  at  teni- 

Sraturefl  below  its  boiimg-point,  and  may  be 
rtrillod  if  eontaot  with  organic  matter  or  other 
oxidisablo  impurity  is  av()i«le(l.  bot  the  least 
trace  of  such  impurity  causes  violent  explosion. 
Hie  gaseous  ozone  formed  by  tlw  vapourisation 
of  the  liqtiid  is  dark  blue  in  colour  and  is  very 
unstable,  fxpleMling  violently  on  a  slight  rise  in 
temjMTature  or  hy  eontaet  with  a  traee  nf  organic 
matter  or  easily  oxidiaable  substance.  As  is 
natmAl  in  ft  strongly  eodothermio 
the  gas  gradually  undergoes  ?;p(intaneou3  dfecora- 
position.  Very  varying  statemcnt«i  Imve  been 
made  as  to  the  deeompontiba  of  ozone  in  ad- 
mixture with  air  and  ox\'gen,  owing,  in  many 
cases,  to  the  presence  of  traces  of  impurities  in 
the  samples  tested.  Init  the  recent  roHcarches  of 
ChApmaa  and  Junes  (Chem.  boo.  Trans.  1910, 
07,  2463 ;  1911,  99.  1811)  have  elearad  up  the 
doubtful  points.  The  decomposition,  whieh  i.s 
very  slow  at  low  temperatures,  is  greater 
the  more  ozone  is  pieoent,  increases  rapidly' 
with  rise  of  temperature— at  100°  from  about 
one-half  to  three-quarters  is  destroyed  in 
half  an  hour — and  is  almost  in.stantaneous  at 
300°.  The  decomposition  at  high  tempetatuies 
is  Aooompanied  by  phoapboretioenoe,  ivhloh  ia 
very  marKt'<!  win  r>  'lot  ulass  md  is  hn»iijrht  riear 
the  surfaocof  liquid  ozone  ( Beger,  Zeitsch.  Elektro- 
chem.  1910,  19,  76),  and  Dewar  has  noticed 
pho.sphoresoence  when  passing  ozone  vapour 
through  a  capillary  opening.  The  presence  of 
oxygen,  nitrogen,  carbon  dioxide,  and  moisture 
ftie  practicaUy  without  influenoe  on  the  rate  of  de- 
oonpodtion.bntthe  presence  of  ti«eee  of  oxides 
of  nitrogen,  chlorine,  phosphorus  ptut oxide, 
&c.t  very  considerably  accelerate  it.  Keduction 
of  prMBiue  also  increases  the  Ate  of  decom- 
position. 

Ozone  is  dceomposefl  in  unUmited  quantity 
by  the  peroxides  of  manganese,  oobdt,  nickel, 
and  leatf.  by  the  oxides  of  copper  and  mm,  and 
also  by  ailver  le*if,  the  oxides  or  silver  unclcr- 
going  no  permanent  change.  These  effects  arc 
prolwUty  dne  to  the  successive  or  aimultaoeoos 
fornuMaon  and  decf>m{x).sitk>n  of  higher  oxides. 
In  the  ease  of  siixcr  leaf  the  allernatinL'  forma- 
tion and  decomposition  of  silver  oxide  may  be 
observed.  In  aome  cases  ozf>ne  acta,  lilce  hydro-  { 
een  peroxide,  as  a  fh-oviflising  agent  on  highly 
oxidi*>ed  coiupoun»L*.  Thus  hydrogen  peroxide 
is  reduced  to  water,  anfl  barium  peroxide  to  the 
monoxide.  In  these  oases  the  ozone  is  simid- 
tttneonsly  decomposed  :  :  H  ^  =  20,  -i-  H  ,0.  ' 
Ozone  is  also  (leoomiioHfil  wben  ngitate<l  M'ith 
powdered  glass,  or  by  ]ia«r<age  over  spungy  i 
ptattnam  or  pftlhuUum.  It  is.  however,  without 
action  on  permanganic  or  p  rehrotnie  .jeid  -. 

Very  varying  statements  are  mudo  as  to  the  , 


j5oluI)ili(y  of  nrnne  in  water.  Fome  observers 
stating  that  it  iti  insoluble.  It  is  undoubtetlly 
somewhat  soluble,  although  the  degree 
has  not  yet  been  satisfactorily  determined. 
Various  causes  are  probably  oontribntory  to 
tlie.se  discrepancicfs.  The  tests  hi\'  generally 
been  carried  out  wth  very  dilute  mixtures,  and 
the  experimental  figures  so  obtained  nraltipiied 
up  to  correspond  t<»  ]<tirf  ozone.  The  experi- 
mental error  is  ihua  very  largely  hlcreasctl  an<l 
is  further  auginente<l  by  the  partial  deoom|>osi- 
tion  of  the  oaone  daring  the  tests,  the  very  ore*! 
i  variation  hi  solubHity  at  varying  temperaruivi! 

and  ]x>s,slble  deviation  from  the  law  of  solution 
1  according  to  partial  pressures.    From  £ome  of 
I  the  most  trastworthv  results  it  appean  to  be  at 
I  lenpt  ten  timis  as  poluhle  in  water  bs  oxj'gen  is. 
>  Thus  Carius  found  the  ccM  fhHent  at  1° "0*8.34, 
1  St'honeat  18°=0-366, and  Mel^-od  at  1 4" =0-274. 
I  Mailfert  (Compt.  rend.  1894,  119,  951),  working 
with  an  air  containing  3-5  p.c.  by  volume  of 
i  OZJjne.   cives    tlie    coefficient  of    holiiliilitv  as 
i  0-W  at  6°,  0-5  at  11-8°,  0-27  at  27°,  0-03  at  56% 
and  0*0  at  60^  Laden  burg,  on  the  other  hand 
(Ber.  1898,  31,  2510),  gives  the  solubility  a."*  (»  0I 
by  volume.    The  solution  acts  as  a  powerful 
oxidiser,  and  has  the  characteristic  odour  of 
ozone.    The  ozone  in  solution  graduall}'  dis- 
appears, and  simple  agitation  of  ozonised  oxygen 
with  water  tlestn)ys  much  of  the  ozone. 

The  so-called  otom  water  ol  commerce 
generally  contains  no  oione,  its  aeii^ity  being 
due  to  hyjHiehlorites,  nitrous  aejd,  Ac. 

0%one  in  a  very  strong  oxidising  agent,  giving 
up  one  thinl  (one  atom)  of  ito  oxygen  vevy 
re«<lil\'.  Ilms  it  mnverts  copper,  mercur>', 
silver,  iron,  aud  most  other  nietal.H  into  the 
corresponding  oxides,  but  this  reaction  appears 
to  require  the  prosMioe  of  traces  of  moisture. 
Only  gold,  platinum,  and  rome  other  metals  of 
the  plalinuin  group  are  imattacked.  Ozone  has 
!  a  remarkable  effect  on  mercury,  one  Imlible  of 
I  oxygen,  containing  ^  of  its  bulk  of  ozone. 

being  fiuffieient  to  alter  the  physical  condition 
I  of  several  {k>uu<1s  of  luerrury.    The  mercury 
I  loses  its  mobility,  convexity  of  surface  and 
lustre,  and  adheres  to  the  surface  of  glaas.« 
I  If  the  osone  is  moist,  permanent  oxidation  takee 
I)la(  r.  but  if  perfectly  drk'  the  mercury  is  said 
to  recover  its  usual  ph^'sical  properties  Viiien 
exposeil  to  dry  air.    Ozone  oxidises  lead  sul* 
]ihide  to  sulphate,  ferrocyanides  to  ferrieyanides, 
inanganous  to  manganic  compounds. 

Moist  ozone  oxidises  phi^phorus,  sulphur, 
selenium,  tellurium,  and  arsenic  to  |[)ho6^horic, 
mlphurie,  selenic,  telluric,  and  arsenic  acids  re- 
i  >|>t  rt!vely,  ammonia  to  nitrous  and  nitric  acids, 
and  silver  and  lead  to  their  peroxides.  .^Unmonia 
is  oxidised  to  ammonium  nitrite  and  nitrate,  and 
hydroehlon'e,  hydmhromie.  and  hydriodic  acids 
art?  oxidi.siHl  to  wat4*r  and  the  free  halogen. 
Traces  of  oz<jne  hinder  the  combination  of 
hydrogen  and  chlorine,  and  traces  of  chlorine 
hinder  the  formation  of  OKone  bv  the  action  of 
the  silent  electric  lUscharge.  It  lilwrates  iodine 
from  potassium  iodide,  the  potassium  being 
converted  into  the  hydroxide 

2KI  +  034  H,0   2K0H  +  0,-fL 
This  reaction  forms  one  of  the  best  means  of 
determining  the  amount  of  ozone  in  a  gait,  as 
th«  iiidiiK-  Iil(  rated  ean  readily  \u  r--( im.ili  d  l-y 
titration.    i3ut  in  large  exceiw  ozone,  in  presence 
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of  the  alkali,  oxitlisrs  samr  of  the  iodine  to  form 
iodito,  iodute.  and  oven  periodato  (Garzarolli- 
Thuralackh,  Monateh.  1901,  22,  455). 

Ozone  oxidiMS  most  oigaoio  cowpounds, 
dMtrojring    oaontohoiio    and    Tnloaiute,  for 
iiKstance,  .so  readily  tlmt  tliose  cannot  he  used 
for  making  connettionB  in  its  preparation.    It  ' 
bleaches    roost   vegetable   colouring    matters  ' 
(indigo,  litmus.  &<■.).  and  decolourises  blood. 

In  most  uf  thu  ubovo  oxidations  the  volume 
of  the  gas  remains  unaltered,  the  molecule  of 
onme  giving  up  one  atom  of  Oi^gm  to  the 
8iiliBt«nee  and  iMving  a  moleonte  ol  oxygen  : 
Cn-f  Oj=CuO+0,.    Turpentine,  oil  of  cinna- 
mon, and  many  other  essential  oils,  however, 
absorb  the  otone  molecule  as  &  whole,  and  the 
reaction  has  been  utilised  to  dotprmino  the 
oomposttion  of  ozone.    Thus,  if  a  caryfuUv 
HMMDied  quantity  of  dr>'  oxygen  is  ozonised, 
the  contraction  carefully  not^ff,  and  then  the 
resultant  gas  shaken  with  tur[)en1ine,  the  ozone 
is  absorluHl  \rith  a  further  contract  ion,  twice  ae 
great  as  the  first,  the  rumaining  gas  being 
oxygen.  This  pointa  to  tbe  oontraotkm  of  three 
volumf^  of  oTn'gpn  to  form  t;^*o  f  ♦  r  z-  nc,  and 
this  result  has  been  confirmed  by  kSoret  and 
others,  who  also  determined  the  relative  sates 
of  diffusion  of  mixtures  of  ozone  and  oxygen  and 
of   clilorine   and   oxygen.    The   molecule  of 
ozone,  therefore,  contains  three  atoms  of  oxygen, 
one  of  whkh  ia  eaaily  liberated  in  the  nascent 
state,  and  aofbrmaapotrerfuloxidjaerOssOi+O. 
In  certain  cases  of  oxidation,  however,  tht-  ozone 
molecule  acts  as  a  whole,  no  free  oxygen  being 
hberatod.  This,  as  originally  noticed  by  Brodie, 
is  particularly  the  ease  in  its  oxidation  of  gases, 
Kulpliur  dioxide,  for  instance,  being  directly 
oxidised  to  sulphur  trioxido  3S0, +0^=3808 
(Rieaenfeld,  Zeitach.  Eloktrochem.  1911, 17, 634). 

Some  unaatmated  organic  oompovrnds  oon- 
taining  double  Unkings  absorb  oxygen  to  form 
comparatively  stable  ozonides  {see  Ozoniuks), 
but  Molinari  finds  that  compounds  with  treble 
Unkings  do  not  form  these  derivatives  and 

Sroposes  this  reaction  lor  distinguishing  between 
Oul>le  and  treble  linkings. 
Hydrogen  ia  not  ondiaed  by  osoue  at 
ordinary  temperatnree,  but  ia  at  100^.  Water 
18  not  dircctl.\'  converted  into  hydrnpen  j>eroxide. 
Oarbon  abciorbs  and  decomposes  ozone,  but  is 
not  itadf  oxidised  at  ordinary  temperatures. 

Oxonc  nets  on  soUd  or  strong  .solutions  of 
potash  at  low  temperatures  to  form  an  unstable 
mom  compound,  which  is  probably  K3O4 
(Baeyer  and  ViUker.  Ber.  1902,  36,  3038); 
this  mav  be  lookea  upon  as  a  salt  of  an  oaonie 
and  TI;0,(03+H50=-H.O,).  On  rf-e  of  lom- 
perature,  or  aoidifyiug,  oxygen  and  traces  of 
hydrogen  peroxide  axe  formM,  but  no  ovone. 
With  lime  %vater  ozone  produces  a  cnTinular 
precipitate  wliich  la  probably  a  peroxide.  With 
aoetylcno  ozone  reacts  with  explosive  force. 

If  gold  or  platinum  plates  are  immertj^  in 
ozonised  air  or  oxygon  they  are  found  to  have 
become  electro-negative  to  other  similar  plates. 
Copper  plates  ahow  simiiar  action,  but  to  a  very 
mnen  lees  degree. 

The  great  chemical  activity  of  ozone  and  its 
unstable  character  arc  largely  due  to  the  fat;f 
that  it  is  a  highfy  endotbemnc  sulistance,  and 
thus  gives  out  a  groat  deal  of  heat  on  decom- 
position.  The  following  are  the  most  important 
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determinations  by  various  investigators  of  the 
heat  absorbed  in  the  formation  of  ozone  from 

oxygen: — 

HoIInmn,  18B8  . 
Berthclot,  indirect,  1876 
Mulder  mA  v.  d.  Henlen,  indirect, 

18S2  

v.  d.  MculcD,  indirect,  1882 
V.  d.  Meulen,  direct^  1888  ■ 
Jahn,  dir^t,  1908 
Kaikm  and  Jahn,  1910  (Zeitsch. 

anorg.  Cheni  'is 
Kailan  and  Jahn,  1910  (t&uf.),  de- 

comp.  by  hot  pt.  wire     .      .  84^000  „ 

Ozone  gives  an  absorption  spectrum  eonsiat* 

ing  of  numerous  linps,  of  which  the  two  most 
characteristic  (01  wave  length  Gf>t)  r>-596*5  and 
577-660)  lie  close  on  each  side  of  ilie  D  litu-. 
Chappuis  (Compt.  rend.  1882,  94,  868)  mapped 
11  bands  lying  between  the  wave  length  628-5 
and  444.  Sohunc  (Zoitscb.  anorg.  Chem.  1894, 
6,  333)  observed  13  more  or  less  intense  linee. 
Laden  burg  and  Lehmaim  (Ber.  Dent,  physikal. 
Ges.  1906,  4,  126)  noticed,  in  the  siKctrum  of 
liquid  ozone,  a  lino  in  the  red  which  only  ajijiears 
when  about  |  of  the  ozone  is  evaporated,  and 
considered  tms  as  pointing  to  traces  of  a  higher 
molecular  modification  of  oxygen  being  present, 
indications  of  which  are  to  he  f<»und  in  othor 
charaoieriatios  of  ozone.  Uartiey  (Qxem.  Soo. 
Trans.  1881,  39,  80,  and  111)  found  many  of  the 

dark  lines  of  llie  solar  spectrum  tO  be  due  tO 
abttorptiou  by  uzouc  present  in  the  atmosphere 
and  considered  tbe  colour  of  the  aky  to  be 
largelvdue  to  this  ozone.  M^^vr(Ann.  Plivsik. 
1903,"  [iv.J  J2,  849)  oonfixniii  Hartley's  rcsult*i 
and  conclusions. 

Ozone  ia  more  magnetic  than  oxygen,  the 
ratio  of  its  spedfic  magnetism  to  that  ofoa^en 
lieing  rr    t  r  than  the  ratio  of  their  densities. 

Oxozone.    Various  workers  have  suspected 
the  presenoe  in  ozone  of  a  still  more  condensed 
form  of  oxygen.    .As  already  mentioned  Laden - 
burg  came  to  this  conclusion  from  his  niudy  of 
the  spectrum  of  liquid  ozone,  and  in  conjunction 
with  Goldstein  obtamed  oumidea  containing 
the  group  O4.   Harries  (Zeitsob.  Elektrochem. 
1911.  17,  020).  by  evaporating  a  mixture  of 
I  liquid  oxj'gen  and  ozone  through  a  series  of 
!  flasks,  found  the  sp.  gr.  of  the  gas  in  tbe  first 
'  flapk  pre.ntcr  than  that  of  the  gii.s  in  the  second, 
and  that  the  gas  in  ibe  first  llui-k  liberated  more 
I  iodine  from  potusHium  iodide  than  oomfiponded 
I  to  its  sp.  gr.,  'whibt  that  in  the  second  liberated 
I  the  expected  amount.  He  then  found  (Zettsoh. 
,  Elektrochem.  1912,  18,  120)  that  whilst,  as  has 
j  teen  generally  stated,  moderately  ozonised  oxy- 
I  gen  may  l^e  i)assed  throuffb  eaustic  potash  solu- 
tion and  Hulphuric  neid  without  appreciable 
I  loss  of  ozone,  this  is  not  the  case  with  very 
concentrute<l  n/jniHed  OXygen,  at  all  events 
•  when  the  latter  has  lx;en  prod\icod  by  tbe  silent 
!  discharge  with  a  high  tension  current.  NN'orking 
with  n  miMuri  l  uiilaining  11-14  p.c.  of  ozono 
produced  by  an  80(i0-volt  current  of  10  per 
I  second  perio<licity.  Harries  found  that  3-4  p.0. 
lops  i  f  nrejno  occurred  nhen  the  mixture  was 
bubbled  through  a  solutic»n  i>f  can>1i'"  potn<ih 
and  a  further  2-3  p.c.  if  it  wiis  fiuii  -  qui ni ly 
pa.'^sed    through    .sul|  liuric    aoid.       He  has 
further  (Ber.  1912,  45,  936),  in  conjunction 
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witii  soma  ci  his  slodentflb  pobliahed  Uie 
remlte  ot  the  aotion  of  the  ^^aolwd  and  no- 

%\ai^htil  ozone  in  the  preparation  of  oznni(l<  .s. 

liuds  that  butylene  with  the  \viu:he<l  o2on<- 
produces  the  monomerio  otsonide  CtH^U,  and 
tlie  dim-iir  o7onido  (C4H^03),,  but  that 
with  thi  uawashed  gaa  tho  mono-  and  di- 
meiio  oxozonides  C«U|04  and  {OtH.^Ot)t  are 
aliio  produced  (Even).  Treatiiu  tetrahydro- 
benzene  in  hexane  with  the  waahed  ozone  the 
Njlid  ozonidc  CgRioOa  is  readily  obtained,  even 
without  reocystaliisation,  whikt  with  the  un- 
wuhed  a  mman  of  tihft  oaonide  and  the  oxoso- 
nide  15  produced  (Seitz).  Caoutthonc  similarly 
yields  C^oUiaO,  and  CioUj.U,  (Uagedor).  From 
tiieaa  lemilta  there  is  no  ooobt  of  the  presence 
of  a  compound  O4  in  ozone>  and  under  the  con- 
ditionis  iu  wkich  Harriet  worked,  he  considers 
that  of  the  so-oalled  ozone  alK)iit  une-third  Avas 
really  osDione.  It  is  probable  that  the  i^eater 
lifaeration  of  iodine  fiut  referred  to  it  dna  to 
oxozoDc  acting  in  a  cUfl^»iit  manner  from  olone 
on  pota.^ium  iodide. 

DeUcthn  and  ddtndiiaHtm,  Oaone  is  most 
rcadilv  rii'tected  by  means  of  paper  moistcjicd 
with  a  mixture  of  starch  and  i>utafe4>ium  iodide. 
If  osone  is  present,  iodine  is  liberated,  and  the 
•taxch  paper  oolomed  htae.  This  ieaotion»  how> 
is  also  piodaeed  by  vSHtam  and  nibiio 
acids,  by  ohloii&e,  &o.,  so  that  it  in  not  con- 
closiTe.  A  aiota  conclusive  test  is  to  take  a 
piece  of  nentval  litmus  paper  and  moisten  half 
of  it  with  a  neutral  t>t)Iution  of  potawium 
iodide.  If  now  this  paper  is  jiubjected  to  the 
adaon  of  osone  the  potassiuro  iodide  is  oxidised 
and  oauiitio  potash  lormed,  which  at  once  turns 
the  litmus  paper  Mue.  The  turning  blue  of 
the  part  of  tlio  litmus  paper  not  treated  with 
the  iodide  would  indicate  tiie  presence  of  any 
ammonia,  which  nii|^  otherwise  be  taken  for 
o/cno.  Chlorine,  nitrous  acid,  if  present, 
wuuKi  form  a  neutral  potassium  salt,  ur  would 
.show  an  acid  reaction.  If,  then,  the  untreated 
end  remains  the  neutral  purple  wliilst  the 
iodised  end  turns  blue,  the  presence  of  ozone 
is  fairly  couclusively  provetl.  The  litmus  may 
be  advauta^^usiy  replaced  by  phcnolphthalein 
or  rosotio  aoid.  J  moistened  with  guaia* 
t  unj  or  with  tctramethylene  /)  phtnyldiamino, 
\x)th  of  which  are  turned  blue  by  o/one,  are  very 
soasitive,  but,  like  iodised  starch  paper,  are  also 
himilarly  acted  on  hy  other  oxidising  a^^cnts. 
Arnold  and  Mcutzol  (Ber.  1902,  35,  1321  and 
2902)  recommend  paper  soaked  in  solution  of 
bqriMctwie  or  of  tetramethylKli«|Min)inophenTl- 
metbane.  The  beauBldene  is  coloured  brown  by 
ozone,  blue  by  nitrous  acid,  blue  and  then  red  by 
ohloEine»  and  jjives  no  reaction  with  hydroecu 
peroxide^  hydrocyanic  acid,  sulphuxettod  hvdro- 
gon   or   ammonia.    The    '  tetramcthyl    na.se  ' 

g'vea  violet  with  ozone,  stra\v-s  ellow  with  uilruUis 
[mes,  deep  blue  with  CI  or  Br  and  no  reaction 
with  hydrogen  peroxide.  The  sensativeneis  of 
the  teaetion  ip  increseed  by  adding  a  trace  of 
acetic  acid.  For  the  quantitative  determina- 
tion of  ozone  the  potassium  iodide  reaction  is 
satisfMtoiy.  It  is  best  to  pass  the  ocone 
tluoagh  the  neutral  potns.'-iiJin  ioilido  solution 
Hid  acidify  before  tiirating,  but,  i»omo  invesii- 

fators  prefer  to  addify  before  passing  the  oaooe. 
tk  either  case  it  is  e^isential  that  a  large  <!sce.<ts  of 
the  iodide  solution  should  be  presen  t,  as  other - 


j  wise  some  oxidation  of  the  liberated  iodine  may 
I  ooottr.  lAdenburg  (Ber.  1903, 36,  115)  obtained 
'  .'satisfactory  results  by  parsing  tho  ozone  slowly 
through  standardised  sodium-bydxogpa-sulphite 
and  then  titrating.  If  the  pteaenoe  of  oid&inf 
a<^ents  other  than  ozone  is  stispccted,  two  esti- 
I  mat  ions  shuidd  be  made,  the  one  of  the  gas 
in  question,  the  second  after  the  gas  has  been 
'  passed  through  a  tube,  heated  at  2^°  to  destroy 
the  ozone.   The  difference  of  the  two  teste  gives 
the  owme  present.    Tho  presence  of  oxides  of 
nitrogen  may  also  be  detected  by  passing  tho 
mixed  ga.ses  into  liquid  air.   The  ozone  is  dis- 
bolved  whilst  even  traces  of  the  oxides  of  nitrogen 
are  at  once  solidified  and  may  be  tiltereti  o  tf. 
.      The  determination  of  the  density  of  the 
ozoni8e<l  air  or  oxygen  has  been  used  for 
:  measuring  the  amount  of  ozone  present.  Otto 
ha.s  designed  a  barosco])ic  apparatus  for  this 
.  purpose,  and  also  a  dilatomcter  for  utilising  for 
the  same  purpose  the  diUtatioii  oansed  by 
decomposing  the  ozone  at  the  temperature  of 
j  boiling  arnyl  benzoate  (261°). 
I      Omne  is  present  in  minute  qusatities  in  the 
atmosphere.    The  maximum  amount  is  certainly 
never  more  than  1  part  in  4G0,UCXJ  of  air.  lib 
principal  sources  are  probably  the  silent  discharge 
I  from  thunder-clouds  and  accompanying  the 
I  flash  discharge  of  lightning,  the  evaporation 
of  water,  and  especially  of  saline  waters,  as  in 
the  sea  foam,  the  action  of  some  vegetal)le 
^  products  on  the  air,  and,  perhaps,  in  the  greatest 
degree  the  action  of  tho  ultra-violet  sour  rays 
on    the    atmosphere.    Wurster   found  (Ber. 
'  19,  3208)  that  ozone  is  also  formed  by  the 
action  of  sunlight  on  clouds.   When  clouds  are 
I  oontinuallv  formed  from  above  {i.e.  in  sun- 
I  light),  all  become  lailen  with  o?ujne,  whilst  when 
they  are  formed  from  below  the  upper  layers  are 
much  more  charged  lliaa  the  lower. 

The  ozone  pre.^ent  in  the  atmosphere  probably 
plays  aii  importjint  part  iii  keeping  the  air  pure 
'  and  fresh  and  destroying  the  deleterious  OTj^uio 
matter  constantly  passing  into  the  atmosiphere 
from  decomposing  flesh,  animal  exhalations,  &o. 
In  the  o2)en  country,  and  especially  by  the  sea- 
i  side,  ozoue  can  always  be  detected,  but  in  the 
I  air  of  largo  towns  it  is  either  absent  or  present 
!  in  much  smaller  quantifies.    Richardson  pro- 
j  posed  (Asclepiad,  Ibbl)  tho  artibciul  production 
I  of  ozone  lor  the  porpose  of  purifying  the  air  of 
j  sick-rooms  and  even  of  towns,  i)ut  it  is  only 
recently  that  tliia  use  has  been  practically  intro- 
'  duced. 

I  Winen  present  in  ttie  air  in  very  minute  quan- 
I  titiss  osone  is  very  advantageous  to  h»dth,  but 

if  tho  quantity  present  is  enough  to  cause  a 
I  strong  odour  it  is  found  to  have  a  very  irritating 

and  harmful  effect  on  the  mucous  membrane 

and  the  sy.«!tem,  producing  headache,  influenza, 
11  the  quantity  present  is  large  it  becomes 

a  st  rong  irritant  poison,  causing  acute  inflamma* 
.tion,  and  leading  to  fatal  results.  Slightly 
I  oconised  air  and  oxyacn  is  now  sometiTnes  used 

medicinally,  especially  iu  pulmonary  coni- 
'  plaints.  Labb^  has  shown  that  ozone  to  the 
.  extent  of  1  part  in  20,000  may  be  inhaled  for 

half  an  hour  at  a  time  uithont  any  ill-effect.^. 
,       IndueiriaL    prtparatwn    and  applicaiion^. 
\ln  recent  years  the  industrial  prip<iration  of 

ozone  has  been  very  greatly  improved,  and  has 

developed  into  on  important  industry,  which  ia 
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still  gnnving  rapklty.   Of  «H  the  metbods  of 

(n.nIiK  in;:  o/iiiH'.  the  (iiily  one  which  .--n  riis 
tccluiically  cconumical  h*  that  by  thu  actiuti  ot 
the  nlmt  diacharge  in  ttir  or  oxygep.  Starting 
from  the  originail  SteineiiH  ti/.nniscr  innumrrahlr 
nKKlificatioiui  have  boen  i>roiK>istHi,  but  ihv^-- 
m&y  Im  hroadly  divided  into  thrrc  claHsce,  and 
onJy  a  few  of  the  principal  can  be  rcfem>d  to 
here.  The  fi»t  clais  comprises  thost-  with 
sraootli  clfct  nxh's  nf  larf.'i'  !iri  ;i  l  itlu  r  in  the  form 
of  couccutrio  cylinders  or  paraUol  plates.  The 
seoond  comiHriaes  those  having  one  or  both  of 
the  rki  trofft'S  more  or  loss  pointed  ;  and  tho 
thirti  in  a  cuiubinaliua  of  the  finit  and  t>ceond 
claijses,  wlierein  the  plate  electnxles  are  ho  rootli- 
fiod  or  roughent-d  a«i  to  virtually  transform  them 
into  a  very  large  collection  of  jwints.  The 
majority  of  the  industrial  ozoni^ers  have  either 
one  or  two  shoc^t^  of  a  solid  dieleotiio  between  the 
two  electrodes,  though  in  some  the  air  or  oxygen 
is  ali>iic  ciiiploN <-<l  !i.s  ih'-  diclfct lie. 

An  already  Htated,  the  yield  ut  ozone  varies 
enormously  under  varying  conditions  of  ehatao- 
tor  uf  discharge,  form  of  eliH  trode.  quantity 
and  m>tential  of  current,  &c.  The«*e  conditions, 
which  are  very  complicated,  have  been  studied 
by  nummua  invest^tors,  espeoiaUy  by  War* 
burg  and  Leithanser,  who  have  pobUshed  very 
exhaustive  and  iniiH»rtii)t  results  of  their  ex- 
periments (Warburg,  Ann.  Physik,  1901,  5, 
781  :  1902,  9,  1280;  1904,  13.  470  and  1090  ; 
1!H»5, 17.  n  and  29;  B<t.  Deut  seh.  physikal. 
VMl,2i)U;  Warburg  and  Leith.iuser,  Ann.  I*!i\i,ik. 
1906,  20,  734 ;  1909,  2S,  1  ;  liu.s.  Zeitsch. 
Klektrochem.  190(5.  12,  409;  Gray.  Silz-Ber.  K. 
Aka<l.  Wissen.  Berlin,  1903.  1016;  Harries, 
Annalen,  1906,  343,  334  ;  Ber.  1906,  39,  3667  ; 
Asicemasy.  Teohnisclie  Eiektroohemie,  1010; 
H.  de  U  Oonx,  L^Onme  et  sea  Applioations 
indnstrieMo.  deuxieme  edition,  Paris,  1910  ;  de 
Kay  Tliozup.si»n,  Applied  Klektiucheiai.stry, 
Maemillan,  1911).  Reference  to  these  researches 
must  bo  made  for  details,  only  some  of  the 
general  results  can  be  summarise<l.  If  a  ]X)int 
distant  1  cm.  from  a  plate  connccteil  to  earth 
is  chaxsed  negattiveiy  to  70UU  volts  in  air,  a 
bluish  ngbt  sttrrounds  the  point.  On  raising 
tile  |i<ttrnlial  a  red  hrush  appears  .sejia rat eil  from 
the  blue  liy  a  dark  space,  the  plate  remaining 
dark.  Fr>>m  a  poeitivdj  ohaigetl  point  a 
reddiHh  light  appears  at  a  low  jKitential  antl  a 
brush  dfvelops  as  the  jxjtential  is  raiswl. 
Old  points  teiul  to  lose  the  power  of  forming 
the  brush  dtscfaaii;?,  giving  a  spark  instead,  but 
the  brush  reappears  if  a  spark  gap  even  of 
only  O'i  mm.  length  is  introduced  oefore  the 
points.  If  on  alternating  current  passt^  betw^^eu 
a  point  and  an  earth-plate  the  positive  brush  is 
apparent,  although  by  mean.s  of  a  revolving 
mirror  it  may  be  neen  that  the  negative  is 
actually  alternately  present.  Between  plates 
with  solid  dielectrics  Wtween  them  a  uniform 
luminosity  occurs  with  a  high  iiotential,  a  lower 
one  tending  to  form  brush  discharges.  As  a 
general  rule,  other  conditions  being  equal,  the 
pidd  of  ozone  in  pro|x>rtion  to  the  energy  con- 
sumed  is  hiule  .-t .  tlie  mme  the  iniiform  luniino.-ity 
can  \)v  mttiiaauied,  and  liie  luwer  the  teiujRTa- 
ture.  The  higln'st  coiict'iitraiiun  of  owme  is 
obtaituH.1  with  negative  |K>int.s,  the  highest 
yield  with  positive  points.  For  eoucentralions 
up  to  ^grms.  per  cume  metre  poaiiive  pojnta  and 


a  high  cmmit  are  matt  eoonomical,  betwmui 

I  .111(1  '.t  Lrnns.  ]m  r  niefre  ne<fativf-  {XiintS and IdW 
curmits  (Warburg  and  Ix-ithauM  r). 

The  production  of  oaone  from  .  xym-n  by  the 
silent  (lischargc  is  arrfimjianied  hy  a  simul- 
Um^iu.H  dejitruction  oi  the  alremiy  formed  u/jljuv 
to  oxyg«>n,  the  decompoaitioii  bdng  greater  the 
gn-ater  the  quantity  of  ozone  present  and  the 
higher  the  temi)erature.  This,  on  the  one 
hand,  causes  a  limitation  i>f  the  concentration 
obtainable,  and  on  the  other,  a  decreasing 
effieieney  the  higher  the  conoelitration.  The 
trchnienl  .<.tati<Ianl  of  concentration  is  generally 
taken  as  gramti  of  ozone  [ler  cubic  metre  of  air 
or  oxAgen.  The  maximum  concentrmUons 
obtainabl<>  technically  are  about  50  grms.  with 
air  and  150  with  oxygen — the  concentrations 
and  yiehls,  under  like  conditions,  ^sith  oxy^^cn 
are  about  three  times  what  they  are  vdlk  air — 
but  for  technical  economy  much  low«!r  con- 
crnf ration.-  are  iise<l.  The  concentrations  at 
pn  sent  euiplu.xiHi  are  generally  from  1  to  1  grnut. 
per  metre,  the  lowest  concentration  being 
;st  leeti  (I  which  is  consistent  with  the  satisfactory 
carrying  t)ut  of  the  process  in  hand.  The  cost 
jK-r  unit  of  actual  ozone  pnxluced  (i.e.  con- 
sumption of  encigjir  per  unit  weight  of  ozone) 
increases  rapi<lly  with  increase  of  oraoentration 
— an  increax-  of  <  >  ineintration  from  2  to  12  grms. 
means  a  loss  of  elhciency  of  at  least  25  p.c.  This 
must  be  borne  in  mind  in  comparing  costs  of 
(i/.<.ru>  given  in  published  statements,  as  in  K»me 
eases  where  very  low  costs  are  claimed,  the 
figures  are  based  on  such  very  low  concentra- 
tions that  the  ozonised  air  or  oxygen  so  produced 
is  of  very  little  technical  value. 

Si'iiHii,^  and  HaUkr.  c^onis-r.  'r]\\>  i-onsi.sts 
of  an  inner  cylinder  of  aluminium  and  an  outer 
one  of  glses.  Six  or  eight  nf  thew  are  encliMed 
in  an  imn  rase  whiili  i>  fille<l  with  w.iter,  the 
water  aclnig  both  <u*  eoulmg  water  and  as  the 
one  )xde,  the  iron  case  being  earthed  and  SO 
charging  the  water.  'J'he  aluminium  cylindecB 
are  connected  with  one  pole  of  the  high-tension 
apparatus.  The  current  used  is  800tt-H>.(K»O 
voltSy  and  about  ^  kilowatt  is  required  for  this 
unit. 

Afidi'itli  n:ani^~rr.  Tn  tin'--,  which  was  one  of 
the  carl\  jiraclieal  iutim  uf  o/:oni.ser,  the  platw 
consihi  ol  x  rrnted  bands  of  aluminium  placed 
.tide  by  side  with  the  i>oints  (17,760  in  each 
unit)  of  each  eloctroilc  tacitig  one  another  and 
having  a  gla».H  plate  between  the  two  plates. 

(M»  ozoniaer.  This  consists  of  an  iron 
pylmder  through  which  runs  an  isolated  rotating 
nil  talli'  a.xle  on  which  are  nKiunfcd  a  number  of 
thin  aluminium  flisc.'*.  The  cylinder  is  con- 
nected with  the  one  })ole.  Uie  rotating  axle  with 
the  othi  r,  ami  tin-  tli^  hanre  passes  between  the 
cvIumK  r  iuA  the  aluminium  discs.  No  solid 
dkleciric  or  cooling  ia  used  and  the  vottage 
employed  is  80,000. 

Tindal-de-Frize  oeomimr.  An  iron  half 
cyIin<!<T  f<irni>  tlie  one  jX)le,  and  ahitnininm  (Ii>e,s 
placed  at  right  angles  to  the  cylinder  form  the 
other.  No  solid  dielectric  is  used  and  a  voltage 
of  15,OOO-20.<H»O  is  cmployinl.  The  whole  is 
enclot^  in  a  €a»e,  glass  cylinders  iilletl  wjth 
glycerol  being  placi*<l  l^etwecn  the  dtsca  to 
prevent  short  circuiting  or  .'*ide  duicharges. 

Abraham- Mur inter  uzonim  r.  In  this  apparatus 
large  plates  a  metre  square  are  placed  in  pain 
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with  a  metal  case  filling  tliu  i^pace  between  each  i  stoff,  1911,  3,  143,  104,  and  181)  calculates  from 
|ijiir.  A  sliriini  of  wntcrforcooling  runs  throujih  tlu-so  figures  that,  including  working  cxiK  iisctf, 
vaoh  motal  ca^e,  and  these  oaaes  are  «lteiuatvK'  .  iutervst  un  uiaut,  depreciation  and  oibor  dxaiges, 
oonnocted  to  the  two  liifrh-tenflton  poles.  A  I  the  ooet  of  o«me,  as  it  o«n  noir  be  aotuaSy 

current  of  1  r).0()0-20,000  volt.-^  is  employed,  t«"<hnically  produced  from  air,  wouhl  l)0  from 

Ozomir  ownuer.    This _apparatuis,  which  i»    lid.  to  22d.  per  kilo,  from  oxyffen  from  8d.  to 


now  u«ed  extensively  in  England  and  on  the 
CVmtiiunt.  consists  of  two  pwtes  made  of  an 
aluiuiuiunj  alloy  gauze  separated  by  a  dielectric 
plat«  of  micanite.  It  is  claimed  for  this  appara- 
tua  that  the  iftiwd  pMto  of  the  meshes  act  as 
Knmded  points  in  faetlitating  the  regular  flow 
of  the  current  and  so  avoidin;;  .-^imrkinj,',  and  (hat 
the  open  character  of  the  plates  causo  the  air 
circulation  to  prevent  undue  heating  and 
obviate  thr  new  for  water  cooling;.  Several 
of  these  i^airs  of  plates  are  enclosed  in  a  case 
to  t  rm  a  tuOt.  Th0  voltage  nsed  is  flOOO- 
8UUU. 

Eluforihy  ozmtMT.  The  electrodes  consist 
of  metallic  .spirals .--urroundeil  hyiilass  iul>es,  and 
the  inventor  claims  that  the  spiral  anangemcut 
of  tlw  eleotrodes  inoreases  the  vield  of  ozone. 
Be  employs  a  voltage  of  11.000-12.000. 

Howard  Bridge,  owniscr.  In  this  apparatus  the 
plate  eleotvodes  Me  psffoiated  with  conical  holeSt 
the  air  or  oxygen  passing  in  through  these 
holes.  The  inventor  claims  that  in  this  way  the 
air  jm.<.ses  n)orf  eonijiUlely  into  the  zone  of 
electxicai  action  than  when  it  is  introduoed  at 


i\d.  per  kilo,  to  which  latter  figure  has  to  be 
a(l(le<l  tlie  cost  of  the  oXA'pen.  This  vi'ould 
cunipure  \cr>'  favoumbly  with  tlie  cost  o£ 
available  ox>'gcn  from  the  oxidjsing  Sigents 
usually  employed. 

At  present  by  far  the  largest  and  most 
im|xjrtant  applieution  of  ozone  is  in  the  puri- 
Hcation  of  drinking  water.  De  M^ritens  in  1880 
showed  that  if  a  water  infected  with  bacteria  were 
efficiently  agitated  with  ozone  the  whole  of  (he 
bacteria  could  be  destroyed.  E^periiuLiitfi  to 
apply  this  fact  to  the  industrial  sterilisation  of 
water  were  carried  ont  in  1891  by  FrdhUfib  and 
Werner  Siemens,  and  an  experimental  plant  tvm 
soon  aftciwurds  erected  at  Martinikenfeld. 
The  first  installation  on  a  large  scale  was  erected 
in  1893  by  Schneller.  van  der  Slem  and  Tindal, 
at  Oudshom,  Holland,  for  treating  water  from 
the  llhiue,  which  contained  from  5000  to 
1*000,000  bacteria  per  c.c.  This  was  followed  by 
an  expertmental  plant  at  the  Hygiene  £xhihi> 
tion  in  Baris  in  1805,  and  by  an  installation  at 
St.  Maur,  near  Paris,  to  sterilise  two  million 
gallons  of  water  from  the  Mamopcr  diem,  both 


iig^t  allies  to  the  direction  of  the  ounent^  as  »  {  bemg  erected  hy  Tindal.  About  tiie  same  time 
usually  the  case.  j  Siemens  and  Halske  ]iut  tip  large  installations 

V(>i<inmr  ozouistr.  This  consists  of  a  series  '  at  PaderlKini  and  ^\lesbaden.  Extended  tests 
of  parallel  lubes  each  of  which  contains  at  made  by  the  Pasteur  Institute,  the  Koch  Listitute, 
opposite  sides  of  the  inner  surfaces  of  the  tubes  |  the  Berlin  Keiohsgesimdheitsamt,  and  by  others 
two  electrodes  formed  of  strips  of  metal  sup-  !  conclusively  proved  that  even  on  the  industrial 
ported  on  porcelain  insulators  m  that  their  scale  complete  sterilisation  of  water  can  be 
inner  edgda,  serrated  in.  the  ionn  of  a  saw,  point  efiected  by  ossone.  The  pathogenic  organisms 
inwards  towards  each  ottier.  \  are  readfly  destroyed,  the  most  fenstant  &oteria, 

Orrard    ozonistr,    Li    this    appanitus    the   as  in  most  other  antiseptic  tn'afments,  l»cing  the 


ozontser 

electrotles  consist  of  concentric  metaMio  cylinders 
witii  dielectric  cylhulers  of  glass  or  Dioa  between 
them.  The  dielectric  cylinder  is  supportetl  at 
one  place  only,  and  the  electrodes  are  cut  or 
split  so  as  to  allow  for  free  expansion.  The 
ocimisexB  are  coUeoted  in  groups  of  ten,  and  l^e 
inTentoff  oImum  that  Tory  h'l^h  }>otentlaI  currents 
can  bcuse<l  without  sparkijiLj.  u.  l  (rreat  economy 
in  energy  consumption  thereby  effected  :  he 
claims  to  obtain  100  grms.  ozone  per  kilowatt- 
hour  and  to  reach  a  concentmtion  of  30  grms. 

Kr  cubic  metro  (Bull.  Soc.  Beige  do  PElectric. 
10,  449). 

In  tlie  technical  apparatus  described  the  air 
may  be  drawn  or  foroed  through  as  is  most 

Coir  (  Mil  ht.    When  dry  air  ib  used  and  the 


baciUw  8vblUi-s,  the  presence  of  which  is  harm> 
less.  Even  when  the  water  was  intentionally 
very  strongly  infected  with  septic  l>act4jri» — 
in  some  cases  to  the  extent  of  more  than  a  million 
per  c.c. — purification  vma  complete.  It  is 
essential  that  the  ozone  be  Iwoufiht  into  contact 
with  every  ]«rtiele  of  water  to  be  purified,  and 
for  this  jjur[Kise  various  forms  of  .sterilising 
vessels  have  been  used.  The  forms  first  used  by 
Siemens  and  Ualshe  and  by  Abraham-Marniier» 
consis(ed  of  wash  towers  tllkd  with  stones  down 
which  water  in  a  fiiiu  state  of  tlivisioii  llowed, 
meeting  an  upward  current  of  ozonised  air. 
Otto  used  an  *  emulsificr,'  based  on  the  principle 
of  the  ^rting  injector,  to  obtain  his  mixture  of 
ozono  and  water,  and  hi  the  Tuidal  -  de  Frize 


temperature  kept  do-vn,  about  40-<X)  grms.  of  :  system  the  ozonised  air  was  forced  into  water. 


oaone  per  kilowatt-hour  is  obtained  at  a  eon- 

ccntmtion  of  about  2  fmns,  per  cubic  metre,  j 
If  oxygen  is  substituted  lor  the  air,  about  120-  [ 
160  grms.  of  ozono  is  obtained.    At  lower  Con-  | 
ccntrations  with  a  rapid  air  current  somewhat 
higher  fields  are  obtained,  at  higher  concentra- 
tions with  a  slower  current  lower  yields.  From 
thcrmochcmical  considcratioos  the  theoretioal 
yield  of  osone  should  be  about  1*2  kikw  of  ozone 
per  kilowatt -hour  m    t1i>'  the  actual  yield  at 
present  iss  with  air  onh  alM»ut  5  p.c.  and  with 


flowing  down   towers   containing  horkontal 

perfomteti  Imflh'  plates.  In  more  recent  plant 
various  modiiicutiuu8  and  combinations  of  these 
methods  have  been  employed.  In  the  O'^onair 
plant  an  additional  chamber  is  emptoyed  where 
the  v^'ater  is,  by  means  of  special  nozzles, 
attjmised  m  an  atmosphere  (jf  o/.onised  air. 
The  amount  oi  actual  ozone  needed  to  insiuv 
certain  sterilisation  vanea  according  to  the 
character  of  the  water,  but  averagi's  about  2 


I  gruki.  per  cubic  metro  (220  gals.),  t.t.  in  the 
oxygen  15  p.c  of  the  theoretical.    It  is  very   concentration  of  2  grms.  per  metre  of  air  usually 

fro))able  that  higher  efficiendss  may  ho  obtained  emiilo^ed,  a  bulk  of  ozonised  air  equal  to  that  of 
y  improved  ozonisers.  j  the  water  to  be  purified.   It  is  essential  that  the 

Bilwein  (Zeitsctbiift  fur  Saueratofl  und  Stick- 1  water  shouhl  be  free  from  simpsndcd  matter,  and 
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if  it  u  not  it  must  be  filtered  previous  to  oronisa- 
tion.  If  the  water  coiit-ainH  diVsolwd  or^;aiiii- 
matter  thia  hm  a  tendency  to  kiuder  stetiliiiat  ion , 
and  a  larger  proportioii  of  oeonifled  air  may  be 
tueossar}-.  In  the  same  way  ili-sdlvtN]  ircn, 
which  id  oxidised  and  pFGcipitnted  by  the 
ofone,  inofeaaea  tlie  quantity  of  the  latter  r«- 
quired. 

Fre«h  installations  have  follo\vod  rapidly, 
nnd  at  the  present  tiin»>  more  than  fortv  t(nms 
in  Europe  and  America  have  adoptecl  ozone 
purifioation  of  their  water  Hupplies.  Amoomt 
the  r  ;.ri'  St.  Pf'tershurg  fSicinniH  and  !friI.'-K<>, 
n,OOU,UOO  gals,  per  day).  Nice  (Olto  10,000,000 
gala.),  Flonsnoo  (1.000,000  gals.),  Philadelphia 
(Vosmner.  1.000,000  gals,  of  water  from  the 
►SchuyUdll  River,  which  is  said  souictiiues  to 
contain  two  and  a  half  million  bacteria  per  o.c, 
a  large  pr^rUon  of  v^oh  are  aeptio},  and 
Lfaidsay,  CfntaTio  (Howaid^Bridgo,  1,600,000 
gahs.).  At  St.  Maur  two  now  instiillations  are 
being  ert^cted,  each  to  have  a  daily  output  of 
10,000,000  gab.,  one  having  the  Siemena-de 
Frise  jilaiit,  tlu-  othfr  tlio  Ottc-Ahrahnm- 
Miirmicr.  liithtarto  tluTc  has  been  ju>  similar 
plant  in  England,  but  the  Ozonair  Company  have 
just  completed  an  iniitaUatioii  to  treat  the  water 
supply  of  Knntrford,  Cheahiie. 

The  coat  of  sterilisation  of  wat«  r  I*y  o/onc 
must  vary  aooording  to  condiiionB,  size  of 
plant,  ko.  For  BmallinataUations  it  should  not 
eaCDeed  one  ix'nny  por  KXK)  ^nl".  of  watrr.  and 
for  large  in^lallations  may  be  leos  thuii  a  half- 
penny. The  (OHi  of  caeK  now  installation  at 
St.  Maur  for  10,000,000  gals,  per  day  is  to  be 
£14,600,  and  from  present  working  the  engineer 
«-stimatfs  that  the  ( ost  of  ])iirifieatian  irfll  he 
one-third  of  a  penny  per  1000  gals. 

Bcntalile  osone  vat^^r  purifying  plant*  wore  i 
used  with  sxicccss  in  the  Russo-Japanese  wnr, 
buittll  plants  fur  duiiics>tic  supplies  aro  now 
manufactured,  and  there  is  a  small  automatic 
plant  obtainable  which  can  be  att-aohed  to  the 
•water  supply  tap.    This  consiwts  of  a  modified  | 
Korting  injector  attached  to  the  tap  and  con-  i 
neoted  with  a  small  ozoniaiug  plant.  The 
current  ia  taken  from  the  houae  supply,  and  the 
act  of  turning  on  or  off  the  tap  automatioaU;  i 
starts  and  stops  the  process. 

Another  important  appGoatiun   of  ozone 
which  has  made  great  progress  recently  is  for  the  I 
purification  of  the  air  of  rooms  and  enclosed  ' 
spaces.     It  is  now  recognised   that  the  l>ad 
efiecta  of  the  oloae  air  of  crowded  rooms,  dSc, 
is  not  due  to  the  of  earhonio  acid  or  of 

nioisturf  present,  but  to  the  tracf'S  of  various 
organic  exhalations  coming  fruin  thu  lutiga  and 
alooDB  of  the  people  and  animals  present.   These  ; 
traces  of  orpnnic  matter  are  readily  oxidised  by 
ozone,  even  when  the  latter  ia  present  in  such  i 
minute  proportions  as  to  be  harmless  and  even  I 
b^etioiaa  when  breathed.   It  haa  been  found 
that  the  introdnotion  of  small  quantitiea  of  I 
ozone  into  clost  air  has  thf  result  of  removing 
the  •  stuttiiiess  '  and   (utjtlt  a,sant  effects,  and 
making  the  air  phiasant  and  invigorating.  It 
has  '>een  said  that  it  al-o  destroys  the  bacteria  ' 
present,  but  for  any  real  bact<'rieidal-  «-IIect  a  | 
concentration  of  at  least  1  part  by  vohune  of  i 
oxone  in  2000  parts  of  air  is  necessary,  a  pro-  I 
portion  which  could  not  be  breathed.  The  I 
tredx  air  from  outside  ocmnng  in  throii|^  the ! 


oKcmiser  may  tctv  possibly  be  partially  sterilised, 

and  u'llh  the  wall  ozoni.srrs  wh«  i<'  firculation  of 
the  air  is  cause<l,  a  part  cin  ulate^  through  tite 
j  oxoniserand  may  pro>>alily  be  i>artially  sterilieed. 
I  large  numbers  of  installations  have  lN*en  put 
,  into  private  houses,  hospitals,  theatres,  and  other 
I  puhhc  buildings,  &e.,  a?id  tlio  process  has  just 
oeen  adopted  on  a  large  scale  for  the  purifioation 
of  the  air  of  the  Central  London  TuIm5  Rail-way. 
i  It  has  also  Kk  o!!  adopted  with  advantage  in  cold* 
'.  stores,  slaughter-houses,  and  factories  or  work- 
ahope  where  unpleasant  BmeUhig  work  i>  being 
rarried  on,  for  deodorising  generally,  and  in 
I'aris  in  connection  with  the  disinfection  of 
clothing. 

As  ozone  can  now  U-  obtainfMl  at  a  moderate 
,  cost,  has  such  active  uxidismg  properties,  and  in 
j  oxidising  intrcHiucea  no  foreign  matter,  it  should 
j  find  large  application  in  the  chemical  industriea. 
I  It  haa  afready  been  largely  used  in  the  pioduotion 
of  vanillin  by  the  oxidation  of  /.-cxugti    I,  i  i  • 
company  maidng  about  200  tons  of  vainilm  p^r 
j  year  in  this  >vay,  and  largely  through  thia  the 
cost  hnt?  fallen  from  about  £20  to  £2  per  lb. 

Ozone  is  beginning  to  tind  applioationti  for 
bleaching  various  substances,  oils,  fats,  waxes, 
FTi^nrs,  labrios,  &c  It  is  being  used  in  the 
ageing  of  spirits  and  in  leather  oaring. 

0//ine  is  now  being  largely  used  in  brew,  i  !•  - 
With  good  results  (Vetter,  vVoch.  Brau.  1911,  28, 
13,  and  20;  Vetter  and  Moofang,  ibid.  1911, 
28,  377).  Passed  through  yeaet  the  latter  is 
greatly  improved  and  strengthened,  and  the  in- 
troduction of  ozone  into  the  air  of  fermenting 
I  rooms,  refrigerator  rooms,  iko^  Jceepe  theee  aweet 
and  dean.  Vetter  and  Mkrafang  ohtim  its  suc- 
cessful u.se  for  sterilising  casks,  pirn  s,  &c.,  but 
this  is  controverted  by  Will  and  Beyersdorf 
(Zeiteoh.  ges.  Brauw.  1912,  35,  73,  and  SQ). 

07,onr'  has  hren  rccomniended  and  used  for 
the  bleuching  uL  tiour,  &c.,  but  it  is  not  satis- 
factory for  this  purpoee,  acting  detrimentally  on 
the  flour  itself. 

As  already  mentioned,  ozone  is  now  bebig 
eonsideiably  employed  for  medical  pui]    *  .s. 

L.  T.  T. 

OZONIDES.   The  term  ozonide  was  oriffi* 

nally  applied  by  Si'hoenbein  to  or  rtain  metallic 
pen.)xid«>H  whith,  when  deconi|j<jMd.  yivUi  uzuiic. 
Lat<>r,  Bourquelot  appUed  it  to  certain  organic 
*  ozone  carriers'  ((iiem.  Zentr.  1897.  ii.  45). 
The  term  is  now  used  almost  exclusively  to 
desigtiale  the  ozone  derivatives  obtained  by  the 
action  of  ozone  on  various  classes  of  unsaturated 
organie  compounds. 

The  reaetinn  bct'vvpcn  ozotio  atid  nn  un- 
saturated ethylenic  hydrocarlHin  may  be  repre- 
sented by  the  equation 

CH,:CH,+0,  »CH^H,  and 
O  O 


(CH3)X:  :  CH  [CH,],C<^^»4.20, 

=[CH,],0-dH[C  H ,]  ,CMe— CH, 


0  O 

V 
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one  mdteaub  of  oaone  being  added  on  for  each 
ethylene  hnkng.   When  heated  or  treated  with 
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water,  these  ozonides  may  decompose  in  varioTis 

.     L  >0  C<+H»O->(X)+>00+H,O, 

I  1 
(MM) 


IL  >C  C< 


CC  ;  +>00 


>co+>co+o 

IT.  and  III.  take  place  both  in  the  absence  and 
in  the  picflence  of  w&ter,  whilst  I.  only  takes 
plaoe  in  the  prewnoe  of  imter ;  carbon  di<  and 

monoxido  are  n?iually  found  in  tho  gaseous  pro- 
ducts, which  iihuw'd  that  luore  complex  de- 
compositions also  occur.  Ozonidet  for  a  long 
time  had  not  been  it^olated  because  of  their 
ready  decoiii{>osition  by  water,  and  in  their 
prcjuiratioii  it  in  ncooasarv  to  exclude  all  traces 

of  vrater,  otherwise  theee  aeoompoeition  products  |  on  fof  about  2  hou»  for  every  3  grms.  of  oxonide 
•od  not  tiie  oamidee  ue  tonuoa.  When  oanstfe  '  formed.  To  moderate  the  reaetion  and  to 

soda  is  present,  the  alkali  tends  to  condenHO  and  '  prevent  explosion,  the  mixture  and  sometimes 
resinify  the  aldehydes  formed  in  the  reaction,  •  the  osuue  itself  should  bo  kept  at  a  ver.>'  low- 
end  acids  are  also  formed.  |  temperature ;  in  the  ca.s<<  of  ethylene,  hoviiDver, 
Tho  ozonides  of  aliphatic  compound;^  ?n  far  tho  ixaction  proceeds  quietly  at  15°.  For  the 
known  are  not  directly  precipitated  on  oxonisa-   a&nxo  purpose,  it  is  generally  advisable  to  use  an 


would  be  called  cyehhexeneoxozonide,  whilst  the 
petoionide  of  meeitylozide 

lle,C;— CHCOH-CH, 

V  « 
o,  o 

\VOuld  be  termed  mcsilijloxidtperozonidc.  Tlio 
ojcozonides  do  not  yield  ozonides  when  treated 
with  mter;  they  axe  more  stoble  than  the 

perozonidf's  and,  when  treated  mth  mrn  t  zr  i.e. 
they  may  sometimes  be  made  to  comi^uic  with 
a  fifth  atom  of  oxygen.  The  constitution  aad 
structure  of  a  large  number  of  substances  have 
been  elucidated  by  the  formation  and  subse- 
quent decomposition  of  the  o/x)ni(les. 

Compounds  oontaining  acetylene  linkings 
•liio  fmrm  ozonides  quioUy  with  oonoentreted 
ozone,' dlowly  with  more  dilute  ozone,  but  these 
subtitauc€«i  art)  very  explosive  and  have  been  but 
Uttle  studied. 

Prepnrali'oii.  Oxygen  contnininp  3-18  p.c. 
ozone  is  {Hissed  over  a  email  quantity  ut  tho  dry 
sul>stance  very  slowly,  the  action  being  carried 


tion  in  chloroform^  methyl  chloride  or  carbon 
tetrachloride,  but  those  of  thehydroaromatieand 
other  ring  system  hydrooarbons,  almost  alwtajni 
sepirnto  under  these  conditions,  often  even 
quantitatively  as  thick  oils  or  gelatinous  masees; 
snbstanccs  oontainmg  conjng^ed  double  bonds 
only  add  on  1  mol.  ozone  quickly,  but  much 
stronger  ozone  and  a  more  prolonj^  reaction 
are  necessarj'  to  complete  ozonisation.  If  the 
unsaturated  substance  also  contains  a  carbonyl 
group,  a  perozonide  is  formed,  an  ozone  molecule 
attaching  itself  to  tho  unsatunited  linkijig  whilst 
one  oxygen  atom  of  another  oasone  molecule  be- 
eomea  attaohed  to  the  earbonyl  group  thus : 


li-rn- 


0  o 
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These  mibstauces  have  the  properties  of  the 
ozonides  and  when  treated  with  water  or  sodium 
bioerbonata  often  yield  the  normal  oamudes 
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providing  the  latter  are  not  verv  unstable. 

Another  class  of    jxrozoniues    is  known, 
formed  whcu  a  hydrocarbou  ozonidu  id  treate<l  I  \ip"(; 
with  more  ozone;  the  oxygen  atom  in  this  ' 
eaee  is  taken  up  within  tii^  oxone  mokeuk- 
and  the  iobstanoes  thus  formed  are  regarded  by 

0-iO 

Harries  as  being  derivatives  of  oxozone  i  ,. 
Thus  the  perozonide  of  cyolohexene 

ch,-{;h,cHv 
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anhydrous  solvent.  The  ^Ivonts  formerly  em- 
pbyed,  hexane^  carbon  tetraohloiide  and  ohloro> 
form,  have  been  shown  by  Harries  to  be  in* 

convenient  as  they  are  attacked  by  ozone. 
Benzene  is  dangerous,  for  it  forms  an  explosive 
ozo benzene. 

Glacial  acetic  acid  would  bo  n  very  good 
solvent,  but  most  ozonides  are  too  t^oluble  in  it 
and  its  boihng-point  is  too  high  fur  it  to  be 
readily  distill^  ofi  or  evaporated.  Acetone  is 
but  slightly  attaeked.  Ethyl  and  methyl  ohk>r- 
ide  form  very  ^ood  solvents,  but  their  OOSt 
prevents  their  more  frequent  use. 

The  ozonides  are  isolated  by  evaporatnig  the 
solvent  in  vacud  below  20"  ancf  purified  by  solu- 
tion in  ethyl  acetate  and  subsequent  precipita- 
tion with  light  petroleum. 

ProperUkt,  The  ozonides  are  genemll^  thick 
oils  or  colourless  s^xups  ^th  an  unpleasant 
choking  smell,  and  aro  mostly  insoluble  in  li;:ht 
petroleum  but  soluble  in  most  oUier  organic 
solvents.  They  are  generally  explosive,  bat 
when  they  do  not  explode  they  may  often  bo 
distilled  in  vacuo  without  decomposition  ;  sonio, 
however,  when  thus  treated,  decompose  into 
ozone  and  the  original  masaturated  substance. 
They  have  most  of  the  properties  of  the  per- 
oxides, liberate  iodine  from  j)otas,sium  iodide 
and  decolourise  indigo  and  permanganate  solu* 
tions.  When  reduced  with  atummiuin  amalgam 
they  decompose  thus : 

CHLOHj.CMe 
'  \         I  +4H 
^0-0-0  0-0 

=ilejCO-fOCHtCH4]jCX)Me+2H,0 
or  if  the  leaetien  is  carried  farther,  then  with 

ioH=Mf..rii-oH  +  onrcirj,,rn(fm)Me+2H,o. 
The  ozoniiles  of  the  liinher  aUpkuitio  unsaturated 
hvdrocarbtjns.  c<nitii:uing  one  double  bond  and 
also  those  of  the  hydroaromatio  hydrocarbons 
with  one  or  two  douUe  bonds  are,  compaiatively, 
very  stable,  but  these  of  aliphatic  hyorooarbons 


Digitized  by  Google 


66 


OZOmDES. 


containing  two  doulik-  bomk  are  very  readily 
dcGomposcKl.  The  6-  and  7-ring  compound^ 
aeem  to  liav«  wmilar  stnbilitieit  towards  ooiling 
Mrat«r,  but  th«  5-ring  compounds  ai«  nraoh  less 

^stablo  than  the  I  \v'o  lorint  r  claFsf  H.  'J'lu- 
ozonides  of  substances  oontaiiiuig  oxygen  aro 
very  iMdily  decomposed. 

A  Inrprr  numlxT  of  ozoiiitli'.s  Jiuvo  I>r<  n  pre- 
pared  of  wliioli  tho  lollowiiiL;  nmy  l^'  di  scribed  : 

CHvCJl,  * 

Ethylene  ozonide  x^^"/    "is  obuiiied  by 

Ueating  an  absolutely  dry  eolotioa  of  etkykae 
ill  tnetbyl  chloride  wiui  dry  7  p.o.  oume  at  mbonA 

—70°,  until  the  solution  comnn'iicus  to  be 
coloured  blue.  It  forms  a  transparent  colour- 
len  ml,  b.p.  18V 16  nani.,  with  a  pungent  odour» 
is  readily  volatile  ami  explosive,  if  the  ozone 
used  is  of  higher  concentration  or  tku  reaction  is 
continued  Iwyond  the  production  of  the  Mue 
ook>nr,  an  oxotonide  CaH40«  is  formed  (Harries 
and  Koetootott,  Bar.  1909,  42,  3305). 

The  o/.oiu'des  and  oxozonides  of  the  homo- 
iogue^i  of  ethylene  are  generally  en^losive, 
unstable  lubstances,  and  have  been  ontained 
aiinilarly,  using  ethvl  chloride  as  i*olvent. 

Ethyl  alcohol,  when  treated  with  a  stream  of 
oonomtratod  oione,  yields  a  peroxide,  which 
has  some  of  the  properiicH  but  is  not  ideatioal 
with  ethyl  hydroperoxide  CjHjO-OH. 

Aliph'it  ic  aldi'fi\ dc:^,  wluiii  tn'at«.'<l  with  o/.niu-, 
yield  peroxidou  of  the  type  KMC: 0:0,  which 
have  not  been  obtained  pure,  otring  to  the 
readine?;.';  -with  which  they  aM  tiaaiafoniied  into 
the  iiftomeriu  acid. 

CH.CH'fCH.li'CH'CH , 
Diallyl  dlozonlde  - 

formed  by  passing  ozone  into  a  chloroform  solu- 
tion of  diallyl,  is  a  colourless  svrup  which,  when 
heated,  yields  sttootDio  dialdehydio  and  a  litUe 

succinic  acid. 

AUylatoohol  Aionide  ia  a 

t   n  >  pa  roll  t  syrup  triuoh  decompoaea  at  otdinary 

ltiup<.:rature. 

CH.CH-CHj-OCH, 
AUyliMtoM  pMoaooldA  \n  /    .  II 

•  O-O 

is  a  clear  explosive  syrup  wliich  dcvompn-ics  on 
treatment  with  water  forming  iormaldcUyde, 
Ittvulio  aldehyde  and  hydrogen  peiwdde. 
MoCnrtonie  mU  peroHmide 

is  a  yellowish  clear  explosive  s^rup,  which  on 
standing,  evolves  oxygen  and  yields  isoerotooic 

iu  id,  whilst  with  water  it  yi.  It'is  acetalddiyde, 
glyuxylio  acid  and  hydrogen  peroxide* 


MasltytoxUeOKHilde 


ogen 


V 

o. 


is  ob- 


tained by  treating  10  grms.  well-cooled  freshly 
distilled  nedtyl  oxide  with  1^14  p.o.  ozone  and 
a  current  of  wvU-eooIed  carbon  dioxide  for  about 

five  hours,  when  a  sample  no  longer  decolouriscH 
an  acetic  acid  tiolutiou  of  brouiine.  It  is  a 
thinner  and  k\v.s  explosive  oil  than  the  per- 
n7oni  1' ,  i?  miscibif  whh  all  solvents  except 
iigbt  |)etrolcum  and  i»  rcuddy  decompuMid  by 
water  and  on  heathig. 


When  the  mesityl  oxide  is  saturated  iritb 
oiooe,  memtytoxidepfrozonide 

Me,(JCHCJ-0«CH, 

\/  il 
O,  0 

is  forii)' d  H  '  II.  thick  green  oil,  highly  eaEplosiw 
and  spouioucousiy  injlammable. 

■tthyOnpAtnoiii  yields  similar  normal  and 

perozonides. 

Phorone  yicIJs  a  monozonide  and  a  diozonJde 

— the  latter  i>eiiit;  ftirmed  oidy  very  .«luwly  when 
the  treatment  with  strong  ozone  is  very  pro> 
longsd. 

Ouuo  Aged  Owatmvt. 

The  normal  monozonide  C,,H,40t  is  formed 
wliea  oleic  acid  in  aoetio  acid  solution  ia  treated 
with  0*6-18  p.c  oame  until  a  sam|de  no  longer 

decolourizes  a  bromine  solution  of  glacial  aoetio 
add ;  or  by  washing  the  perozonidc  with  water 
and  sodium  bicarbonate.    It  is  a  colourless, 

transparent,  viscous  liquid,  heavier  than  %vater 
and  when  warmed  with  aqueouii  caustic  soda 
yields  a  pleasant  sharp  smelling  product.  b.p. 
90°.  When  treated  with  water  it  yields  non> 
titdebyde,  pelargonic  acid,  azelaio  add  and  an 
aldehyde  product  whieh,  on  oxidation,  yields 
azelaic  acid.    The  reaction  is  explained  thus  : 

L  CH^CH,),CHyi'H[CHj,UO,H 
I  /  I 

•Cil  ,[C1I,]  CHJ.CH  J  ,C0^ 

IL  C!H|[CHa]CH  \  CH(CHt],0OJ9 

1  \  I 
0-0\0 

-CH,[CH4l^/^+00H[CHj,00,H 

thus  the  primary  products  are  nonaldehyde. 

nonaldehytlt  iKToxide,  azel.iic  acid  half  aldehyde 
(which  io  a  deoomposiiion  pru<iuct  of  almost  nil 
tho  ozonidcs  of  the  higher  aliphatic  unsaturated 
acids),  and  the  peroxide  of  the  latter.  By  the 
isomerisation  of  the  peroxides,  pelargonic  and 
H/.elaic  arid^<  are  then  formed.  Wlieri  warmed 
with  glacial  acetic  add  the  same  products  are 
obtained,  but  more  peiozideB  are  formed, 
whilst  if  formic  acid  is  added  to  the  acrtic  acid, 
considerably  more  aldehydub  rcisult.  im^milar 
products  are  also  obtained  by  reducinj^  the 
ozonide  with  sulphur  dioxide  or  with  alummium 
amalgam  in  aqueous  solution.  Unstable  am- 
monium, copper  and  sodium  salts  of  oleio 
ozonide  have  been  obtained. 

CHa[CHj^-GH(CHJ,COH 

^»  0=0 

is  funned  when  a  glacial  acetic  acid  or  carbon 
tetrachloride  solution  of  oleic  acid  is  treated 
with  10-12  p.o.  ozone  for  an  hour  for  each  gram 

tif  aiid.  It  a  .-ornc-whrit  thii  ki-r  liquid  tharj 
the  o'Aonido  but  has  sitnUar  chemical  properties 
to  the  normal  ozonide.  When  oleio  acid  is 
trcnt'-d  witli  10  p.p.  ow^tie  for  a  very  lonir  time 
(3  hours  ijer  gram)  or  for  a  somewtiat  whorter 
time  (4  hoars  for  ff  grms.)  vith  16-18  piC.  oaone. 


Digitizca  by  Guv.(L.i 


OZONIDES. 


67 


it  yieida  a  auptrptrozonidt  C).. II ,40 7,  posi»ibly 

CH^GH»]vCai-CHCCH«]7C0,H     ^.  ^  . 

«.     .jf       ^   u     mjf  which    18  a 

colourless  substuucc,  not  much  moxe  explotuvu 
than  the  other  ozonidca  and  has  the  mmo 
general  chemical  properties. 

Elaidio  aoid  yidids  a  normal  aud  a  per- 
oaooide  whioli  fleems  to  differ  little  if  at  all  hoiii 
those  of  oleio  aeid. 

CitronpUic  acid  yields  a  similai  ozouide,  per- 
•md  supcrpcrozonide  {HnriM  and  HimmrimiWMi, 
Ber.  1908.  41.  2197). 

Cholesterol  ozouide  C.^n^O^  wliich  is 
probably  &u  oxozono  deriviitivc,  lonns  a  very 
8t«ble  white  powder  and,  Mfhea.  boiled  with 
WKter,  yields  hydrogen  peroxide,  aldeh3rde«  and 
much  ro.siiioua  product.-^.  Simil.ir  ozonides  of 
cholesterol  derivatives  have  also  been  obtained 
(Diels.  Ber.  190B»  41.  S006;  UngM^.  ibid. 
1023). 

The  most  interesting  application  uf  the 
formation  of  ozonides  to  the  elucidation  of  t  he 
•tenoture  of  a  compound  is  perhapa  that  of 
robber.  When  the  latter  is  treated  with 
5-5— 6  p.c.  of  ozone,  in  chloroform  solution  for 
one  hour  for  every  gx^m,  Mid  the  product 
evaporated  in  vaenS  below  20^  and  the  residue 
purified  in  the  usual  way,  a  tiioKmtffe  C,„H,jO,, 
is  formed  aei  a  yellow  thick  oil.  It  diuaolvoa  in 
vuioos  solvents  yielding,  nut  colloidal,  but 
ordinary  solutions,  and  mien  boiled  with  water 
or  distilled  with  steam  it  yields  levulio  aldehyde 
.ind  acid,  and  Lt-vuIIc  al(l»;hy(le  superoxide. 
The  formatioa  of  this  ozonide  and  its  decom- 
porftion  piodnets,  togetiwr  wHh  the  faet  that 
vvh'n  hf^niffl.  rubber  yields,  amongst  other 
producUi,  i^prene  ana  dipentene,  has  led 
Hmdm  to  give  the  fdlowittg  fonnida  to 
mbbes 

tCHaC  -  CHs — CH,  ^qjiI 

which  agrees  very  well  with  its  other  known 
reac  t  ions.  With  oioa^  it  wonld  fonn  the  di- 
ozonide 


CH, 

.  O— C— CHa 
OC  +  — 


^0— CH-(3H,-CH 


, — in — 


yieldhig 

OO(0H,)'OHa'aH,'OH:O:O'l>O:OCH'CH,-OHt-C<^ 

the  latter  readily  being  tranflforined  into  aoid. 
The  difiecenoe  in  belkaviour  of  the  two  ozonidfle 
on  deoompositioo  is  assomed  to  be  doe  to  some 
form  of  stereo-isomerism  (ibid.  398o). 
Benxeiw  trlMOiiide  or  ozobenzene 

CH  Q 

Q  .CH/  ^  CH  ' 
"»<-C!H.  CH 

is  lonned  by  passing  abeolntely  dry  5  p.c.  ozone 
into  dty  beaseno  at  SMO*  for  about  2  hours. 
Tt  is  stable  in  dry  air  at  the  ordinary  tempera* 

t  ir  ■  I'l  l  fi  rms  a  white  amorphous  mass  which, 
if  quite  pure,  becomes  ozystalUno  when  treated 
with  water  at  0*.  It  is  aohtUe  in  aoetie  add 
hv.f  not  in  other  organic  solvents.  When 
warmed  quickly  it  expbdes  violently,  and  when 
treated  with  Wliter  it  yields  chiefly  glyoxal 
OHC  CHO  and  some  glvoxylio  acid  whith 
probably  results  from  the  oxidation  of  tho 
iildehydo  \nth  tho  hydrocen  {K>roxido  formed 
in  the  first  reaction.  Theaib  reaotioas  show 
almost  oondusively  that  benaene  baa  three 
double  linkings  and  tluit  KekuUE'S  stmotoral 
formula  for  benzene  is  correct. 

Only  the  dooompoaition  ptodneti  of  the  tii- 
oxonidw;  of  toluene  o-  unci  m-xylene  and  of 
metiitylene  have  been  obtained. 

Dtphmyl  forms  a  telmoumide 
0. 


V  v 

o,  0, 


wLuch,  ott  decoQipoiiing,  broaks  at  the  dotted 
lines  and  tiierefote  ykma 

0:0: 0(CHc)-CSt-CHs-GS :  O  s  O 

t    'I 

-fociicH/CH.rocHj 

Lsvulic  aldehyde  diporoxide  is  readily  trans- 
formed to  the  aldehyde  in  tho  presence  of  steam. 

coii.^equontly  tho  IsBVuIio  aldehyde  is  prt^rnt 
in   large   quantity    (Harrieis,  iier.   1UU6,  3S, 

urn. 

Gutta  percha  give.^  a  dioiionidc  u'hicli  seems 
identical  with  rubber  diozonide,  but  ou  de- 
oomposition  with  water,  it  yields  much  lees 
aldehyde  and  more  add:  its  decomposition 
hae  thevefoie  been  represented  as  taking  place 
chiefly  thns 


obtained  as  a  crystalline  m&ati,  wliieli  explodes 
violently  when  heated.  The  fact  that  two 
more  ozone  uoleoales  are  not  added  at  tiie 
double  linldngs  is  probaUy  due  to  stok 

hindrance. 

Naphthalene,  vehcn  strongly  cooled  and  nub- 
mitted  to  tlie  action  of  ozone,  yields  a  orj'stalline 


dtosonufe,  thus 


,  indicating  that,  in 


'A 


all  probabiUU',  otily  one  ut  the  rings  has  the 
boasene  or  Eelcul^  structure,  whilst  tlie  other, 
possibly,  has  the  ronccntrie  form.  When  In-ated 
with  water  tho  diozonide  yields  pht  ha  lie  aldeh^'de 
C,H4i<  110),,  phtluJio  aoid,  glyoial,  and  gly- 
oxylio  acid. 

Phenanthrene  when  treated  simikrly  also 

forms  rt  iliozoiiido  (■,,H,,,(^,  havinfz;  similar 
properties  to  the  naphthalene  dioz^nide. 

TMrabfifBbaiinNiPaUt  C^Hi^O^,  obtained 
by  paasfaig  oione  into  a  diloroform  solution  of 
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tho  unsaturatod  hydrocarbon,  forma  elastao 
lumps,  sparingly  solublu  in  must  solvents,  and 
wUon  boiled  witih  water  vioUls  n-a4limu  acid  and 
H  little  ot  tho  «0RC8poiuling  aldehyde. 

m-DfliyiKXjleiie  yields  a  cUomiiid« 

C,U,Me,0, 

niuoh,  on  purifioatiun,  forms  a  clear  s^rnip 


Wolenee  (Hanies  and  NerHbeuner,  Ber.  100^ 

39,  2840). 

Lilcrnturc.  H»irries,  iViinakai,  1905,  343, 
311 ;  ibid.  1910,  374,  28S ;  Bcr.  1912,  45.  SOD  ; 
U-lKKlcff,  J.  KU.-S.S.  rhy«.  Chom.  Soc.  l^MO,  12, 
U49;  Drugman,  Cheni.  Soc.  Truus,  I'JUG,  '.to'J  ; 
Dyokeirhuf!,  Antoxydation  organischor  Stofle, 
Inaug.  Dilistrt.  Karlaruhe,  1910  ;  Vakur,  Action 


irith  »  oharactcriatic  smell.  It  ia  comparatively  i  de  I'Ozono  sur  lea  oompostf  Orgunic^ue,  i'arit$, 
stable*  bnt  ■ometimes  ez|dodM  mith  giMt  j  1909. 


PACHNOLITE  {rdxyv.  rime).  A  fluoride  of 
aluminium,  calcium,  and  sodium,  occurring  a» 
an  incruhtatiori  t»r  effloreacencu  on  cryolite.  It 
is  rettofded  by  Kuop  as  a  bydrated  cryolit4i  in 
which  two>thurtla  of  the  lodittm  are  replaced  by 
calcium  (A.  Knop,  AmialeQ,  127^61}, 

Cotnpo^tl  mti. — 

A!.  Ca.         Xa.  F.  H.O. 
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PACKFOMG  or  PAGKTONG.  A  Chineee 
alloy  resembling  niokd  silver,  and  of  »  similar 

oompoHition. 

PACO  or  PACOS.  A  Peruvian  term  fur  a 
ferruginous  earth  or  ore  containing  small  q^uan 

tities  of  metallic  Hilver. 

VIBO^WZ  {Red  Coralline  or  Aurim  IL)  tr. 

At:  KINK. 

PAUiT  OILS.  Under  this  term  are  com- 
prised  those  vegetable  oils  whieh  are  used  as 

vehicles  for  applying  pigments  to  the  surface 
of  bodies,  either  as  a  preservative  or  for  decora- 
tivo  purposes.  Only  the  vegetable  drying  oils 
are  use  ful ;  the  paint  oil,  par  eTTlli  ncr,  in  lin- 
m-fd  oiL  The  semi-drying  oils,  i>Uih  as  cotton 
seed  oil  and  maize  oil,  are  unsuitablo  as  paint 
oils.  Nor  is  soya  bean  oil  suitable  as  a  paint 
oil,  although  when  the  price  of  linseed  oil 
was  high  it  was  liirguly  used  as  a  substitute  for 
linseed  oil  or  to  adulterate  linseed  oil.  k'lsh 
oilB»  which  are  used  us  adulterants  to  an  enormous 
extent,  are  unsuitable  as  point  oils,  notwith- 
standing frequently  made  statements  to  tho 
I  untrary.  Adidtcration  with  rosin  oil  is  prac- 
tised on  an  extensive  scales  although  more  easily 
recognised  than  adulteration  wi^  animal  and 
vegetable  oils  of  somewhat  lower  iiiditie  \alue 
than  linseed  oiL  Oil  extracted  by  solvents  is 
not  suitaUe  as  a  paint  oil.  J.  L. 

PAINTS.  Definilion. — OjloTired  mixtures, 
usually  liquids,  with  which  suitabid  surfaces  can 
be  COiitc-d  by  a  brush  or  other  means.  The 
coverings  f<7rmt'd  may  bu  dull  ur  lustrous,  and 
often  act  aa  ptulectn  os  uinl  picai't  ^  utive^i  of  the 
surfaces  beneath.  Usually,  paints  differ  from 
vwmisbes  in  yielding  coating  poaseamng  less 
lustre,  and  in  the  absence  of  resinous  ingredients  : 
b>it  tTiainrl  paints  and  vurirais  -pocial  products 
are  of  exceptional  composition.  Ordinary  paints 
consist  essentially  of  three  parts,  the  jnpnent, 
the  mrdiiim  or  vehiclr,  and  the  drier  or  siccative, 
i'aiiits  manuiaotured  for  particular  uses,  suoh 
as  luminous  paints,  anti-corrosive  paints,  and 
waterproof  paints,  contain  other  components 
of  the  most  diverse  kinds. 

Sntfaosn  only  wc  oovecod  by  pamts :  dyes 


stain  throughout.  This  distinction  is  main- 
tained in  the  present  article,  from  which  is 
excluded  tin  loiisidcration  of  dyes.  Tho  term 
'  pigment '  will  lie  coulined  to  those  sttbstance^i 
to  which  paints  owe  their  ooloura ;  mostly  dry 
powdcns,  lim  ly  difTii^iblo  but  insoluble  in  the 
binding  and  thinmug  media  employ ud.  'Paint ' 
will  be  employed  in  reference  to  the  combina- 
tion of  pigment  and  medium,  ready  fur  usu  \>y 
tho  paint«r.  Pigments  wiU  litai  bu  dLi>ciiL>eU, 
and  then  the  velucles  by  which  these  pigmenta 
are  converted  into  paints.  Drieis  oome  next  in 
order :  lastly,  paints  themselvse. 

Pigments.  LkftnUion. — Finely  divided 
insoluble  coloured  powders*  prioiding  wUnta 
when  intimately  mixed  with  smtable  mema. 

Origin. — Pigments  are  obtained  from  mineral, 
vegetable,  and  animal  sources,  chielly  tho  first- 
named.  Inorganic  pigments  comprise  minemb 
and  manufactured  products,  mostly  metallic 
salts  or  oxides :  such  pigments  ace  usually 
more  permanent  than  those  of  vegetable  or 
animal  origin. 

I      Cha/ratien. — 1.  Body  or  opacity,  ».«;.  the 
I  property  of  completely  covering  and  concealing 
the  surtaoe  beneath.   2.  Covering  or  spreading 
power;  the  extent  to  whioh  a  pigment  can  be 

spread  over  a  large  surfacp.  3.  Dryin^T  quality, 
when  combined  with  a  medium  to  form  paint. 
4.  Durability  or  permaneneyJi  &  Tint.  6. 

8!iadt.'. 

I'l^ment.s  may  be  of  ail  degrees  of  opacity, 
and  tiiey  also  diiier  greatly  in  density  and  in  tho 
state  of  aggc^atiou  of  tJuir  paitiolea.  iSome 
are  opaque  and  amorphous ;  others  are  crystal- 
line and  translucent  or  transparent.  The 
higher  the  density  and  opacity  of  a  pigment, 
the  greater  is  its  bodv.  Crystalline  prnvder^ 
however  impalpable,  have  less  opacity  than 
amorphous  powders,  kt^uce  the  superiority  of 
the  latter,  as  regards  covering  power.  The 
drying  quality  of  a  pigment  (in  an  oil  paint) 
depends  upon  its  power  of  oxidising  or  pro- 
moting tho  oxidation  of  the  medium  v  ith  w  hieli 
it  is  mixed :  thiii  property  is  possessed  iu  a  muck 
greater  degree  by  some  pigments  than  by  others 
:  and  siccatives  must  be  added  when  the  pigiixent 
'  is  known  to  be  deficient  in  this  characterisitic. 
Permanency  is  tt\Mted  by  the  power  of  the  pig- 
ment, when  niude  into  pnint,  of  re  i-^ting  the 
action  of  light,  moisture,  fetid  cases,  acid  and 
alkaline  vapours,  expoaute  to  the  atmosphere. 
In  spciftl  circumstances,  as  for  tho 
colouiing  of  a  lime-plastered  suiface,  for  fresco 
wfttk,  or  the  like,  pigments  most  be  unaffected 
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by,  or  •  fast '  to,  lime.  As  a  rule,  pigments  are 
more  durable  when  mixed  with  oil  than  when 
used  in  aqueous  media.  Instances  are  knowTi 
of  pigments  in  admixture  exercising  »  detri- 
mental influence  upon  one  another.  In  oil 
rae<lia,  this  action  is  rarer  than  has  been  sup- 
|M>iiofl  :  but  an  example  is  the  darkening  of  the 
green  pigment  made  by  mixing  cadmium  yellow 
with  emerald  green,  the  last-named  being,  to  a 
flight  extent,  dLs8«lve<l  by  the  linseed  oil  and 
therefore  enabled  to  react  u|Kjn  the  cadmium 
sulphide.  Tint  depends  upon  chemical  com- 
pr)«*ition,  molecular  constitution,  physical  con- 
dition, and  the  minle  of  production.  The  exact 
shivle  is  a  resultant  of  many  niceties  of  detail 
during  the  processes  in  the  colour  factory.  In 
n  cose,  for  example,  where  the  pigment  has  been 
precipitated  from  solution,  the  shade  will  vary 
with  the  amount  of  care  devoted  to  the  wivshing 
of  the  precipitate — a  verj'  small  percentage  of 
impurity  being  the  cause  of  a  marked  difference 
in  quality.  The  degree  of  subdivision  of  a  pig- 
ment also  has  a  most  important  influence  on 
the  jihade.  Of  great  weight  are  the  extent  of 
dilation  of  the  srjlutions,  and  the  amount  of 


Fio.  1. 

Positive  Driven  Ed«*»  Runner  Mill  (Brinjes 
and  Ooodwin,  Ltd.). 

efficient  agitation,  or  mixing.  The  precipitated 
pigments  are  u^ially  flner  and  brighter  in  shade, 
in  direct  proportion  to  the  dilution  of  the  solu- 
tions employed. 

Prrparniion. — The  pigments  of  commerce 
are  so  numerous  that  it  will  Ikj  impt»ssiblo  to 
dewribe  the  manufacturing  processes  by  which 
most  of  them  are  obtained  ;  but  the  important 
operation  of  erinding  must  Ixj  mentioned.  All 
pigments  must  be  in  an  extremely  fine  state  of 
division.  The  colours  uswl  by  nouHe-paintcrs 
and  paper-stainers  are  pulverised  and  mixed 
by  paint-grinders,  while  the  more  numerous 
and  brilliant  pigments  use<i  in  the  tine  arts  are 
gnjund  by  artists'  colourmen.  Formerly,  most 
pigments  were  ground  by  Imnd  on  a  grinding 
stone  with  the  aid  of  a  muller,  but  the  unhealthy 
and  dangerous  nature  of  the  operation,  cs|>c- 
cially  when  orpiment,  whit*.'  and  red  leads, 
chrome  yellow,  and  many  other  im{)ortant  pig- 
ments, were  trcato<l,  le<i  to  the  intrf)du(  tion  of 
colour  mills,  in  which  larger  quantities  of  pig- 
monts  can  l>e  ground  and  nii.xed  in  covered 
vessels,  so  that  the  risk  to  the  workmen  is  very 
greatly  lessened. 

Colour  grinding. — On  the  larj/er  working 
Jicale.  pigment^s  are  dr>/-<jrountl  chielly  in  under- 
driven   edge-runner   mills :    on   a  s«>mewhat 


smaller  scale,  conoidal  milLs,  which  are  especially 
serviceable  for  materials  composed  of  soft  frag- 
ments, may  he  used.  The  centrifugal  mills 
known  as  'disintegrators  '  are  exceedingly  con- 
venient.  Fig.  1  shows  one  of  the  positive-driven 


Fio.  2. 

Edge  Runner  Mill,  over  Driven  (Brinjes 
an<l  Goodwin,  Ltd.). 

edge-runner  mills,  nmnufactured  by  Brinjes  and 
(jixidwin,  Ltd.,  of  Whitechapel.  In  this  machine, 
the  movement  around  the  pan,  and  the  revolu- 
tion of  each  stone  upon  its  axis,  are  caused 
by  special  gearing.   C)ther  typt»8  of  cdgc-runner 


Via.  3. 

Edge  RiuuitT  .Mill, Top  Drivrti (Tlrynii  Corcoran.  Ltd.). 

mills,  lop-driven,  ap-  rrprrxtiti'd  in  Fig.  2 
(same  ni.ikiT>)  and  Fig.  '.\  (hryuu  '"nrroran, 
\A.i\.,  London).  TIk'  foiiilli  illii'-tration  shows 
an  under-driven  mill  of  a  biuiilar  dcM-ription 
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(Wm.  Ganlner  &  Sons,  Ltd.,  Gloucester).  The 
bottom-driven  type  of  mill  i»  for  colour-grinding 
preferable  to,  antl  now  more  generally  used 
than,  the  top-drivon  kind.  The  be<l  and  runners 
of  these  milla  for  colour-making  sliould  be  of 


Fig.  4. 

t'nderdriven  Edge  Runner  Mill  (Wro.  Gardner  A  Sons, 
Ltd.,  Gloucester). 


granite.  When  large  fragments  of  highly  resist- 
ing matoriida  have  to  Ihj  dealt  with,  a  less  rigid 
form  of  mill  than  the  jwsitivc-gcared  is  to  be 
recommended. 

A  conoidal  mill,  supplied  by  Bryan  Corcoran, 


Fro.  5. 

Conoidal  .Mill  (Hrynn  Corcoran,  Ltd.). 

Ltd.,  of  Murk  Line  and  Whitechapt-l,  is  phown 
in  Fig.  r»,  and  in  Fit;.  0  is  repre.s»M»t<;d  a  <lis- 
int«'irrat(»r  (\Vm.  ClardncT  and  Sons,  Ltd., 
(!loii(:cst4'r). 

Pigments  may  be  wd-ground  in  a  levigating 


edge-runner ;  in  a  pulveriser  of  special  con- 
struction, such  as  the  *  Alsing  '  pulveriser  ;  or, 
if  the  required  output  bo  small,  in  a  levigating 
flat-stone  mill.  Edge -runner  mills  are  mostly 
use<l. 


Fio.  6. 

A  DUfnteffrator  (Wm.  Gardner  &  Sons,  Ltd.). 


Paint  grinding. — ^The  older  type  of  machine 
for  the  grinding  of  mixed  paints  was  the  ordinary 
flat-stone  mill  (Fig.  7),  but  the  triple  roller 
grinding  mill  (Fig.  8)  has  almost  entirely  super- 
seded it. 


Fio.  7. 

Flat  .Stone  Mill  (Drinjes  and  Goodwin,  Ltd.)- 

Paint  mixing,  which  precedes  the  grinding, 
ia  usually  conducted  either  in  a  vertical  mixer 
similar  to  that  shown  in  Fig.  9,  or  in  a  huri- 


Fio.  8. 

Triple  Roller  (irinding  Mill  (nrinjen  and 
(iuo<lwiu,  Ltd.). 

7.ontnI  mixer,  which  may  be  (.if  the  kind  depicted 
in  Fig.  10.  In  certain  cases,  however,  as  in  the 
mixing  of  zinc  paint,  a  positive -geared  edge- 
runner  mill  (Fig.  1)  is  the  best  to  use.    If  a 
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volatile  medium  bo  necessary,  as  in  the  pro- 
duction of  enamels,  a  conoidal  mill  (Fig.  6) 
may  conveniently  be  substituted. 


Fio.  9. 

R''ody-raix«d  Paint  Mixor,  with  Double-acting 
^]  SUrmrs  (Brinjes  and  Uoodwin,  Ltd.).    ^  j] 


Whot  Piomknts. 


Fio.  10. 

(Jrared  Horizontal  Mixer  (Brinjt;»  and  Goo  lwin,  Ltd.). 

The  more  important  and  widely  used  pig- 
ments, classified  according  t<»  colour,  will  next 
bo  briefly  described.  For  further  details  i'. 
art.  Pigments. 


White  Lead  (Cfnut,  Cemsta  AWa,  Blanc  de 
Plomb,  Krems  white^  BUiweiss).  For  manu- 
faoturo  V.  White  lead,  art.  Lead. 

Characters  of  good  white  lead. — A  perfectly 
amorphoiis  white  pigment,  possessing  great 
opacity,  density,  and  covering  power,  and  the 
property  of  drying  rapidly  when  mixed  with 
linseed  or  a  similar  oil,  and  expKised  to  the  air. 
The  hydroxide  combines  with  the  oil,  forming 
a  white  elastic  coating  or  paint ;  but  lead  hy- 
droxide alone  would  give  little  opacity,  which  is 
imparted  by  the  carbonate  present.  The  latter 
forms  an  emulsion  with  the  oil,  of  extreme 
opacity.    Both,  then,  are  essential. 

Additions  to,  and  diluents  of,  white  lead. — 
Barium  sulphate  and  chalk  principally ;  but 
calcium  sulphate,  clay,  lead  sulphate,  &c.,  are 
also  added.  Most  of  the  cheaper  so-called 
white  lead  in  the  market  contains  an  admixture 
of  barium  sulphate  or  some  other  comiwiratively 
inexpensive  white  pigment.  Certain  of  these 
substances  are  themselves  used  as  white  pig- 
ments of  inferior  quality. 

Svhstituie*  for  white  lead. — The  chief,  if  not 
the  only,  objections  to  white  lead  as  a  pigment 
are  its  poisonous  character  and  its  tendency  to 
darken  in  an  atmosphere  containing  sulphuretted 
hydrogen.  Many  substances  are  used  as  sub- 
stitutes, but  all  are  inferior  to  white  lead  in 
body.  Sulphate  of  lead  {Muhlhausen  white) ; 
oxychloride  of  lead  {Patlinson's  white) ;  a  mix- 
ture of  lead  sulphate,  barium  sulphate,  zinc 
white^  and  magnesium  carbonate  {Freeman^ s 
non-poisonous  white  lead) ;  '  sublimed  white  lead  ' 
(lead  sulphate  75  parts,  lead  oxide  25  parts,  and 
zinc  oxide  5  parts) ;  '  standard  zinc  lead  white  ' 
(lead  sulphate  50  p.c,  zinc  sulphate  0-40  p.c, 
zinc  oxide  40'55  p.c);  zinc  oxido ;  nnc  sul- 
phide ;  and  a  mixture  of  oxide,  sulphide,  and 
sulphate  of  zinc,  have  been  manufactured  for 
this  purpose.  A  calcined  mixture  of  70*5  p.c. 
of  barium  sulpliate  with  20-5  p.c.  of  zinc  sul- 
phide, prepar«xl  by  precipitotiug  a  solution  of 
barium  sidphido  with  a  solution  of  zinc  sulphate, 
washing,  pressing,  drying  and  '  firing  the 
resulting  precipitiite,  constitutes  the  pigment 
known  aa  Lithopone,  Orr'a  white,  Charlton  white, 
or  Beckton  white.  One  of  the  most  usefid  and 
valuable  substitutes  for  white  lead,  lithopone,  is 
quite  unaffected  by  sulphuretted  hydrogen,  is 
possessed  of  considerable  body,  permanency, 
and  fineness  of  tint.  It  w  far  less  injurious  t<i 
health  than  white  load  and  yields  an  excellent 
oil-paint.  Svlfopone  is  a  Kimilar  pigment  pre- 
pared from  zinc  sulphate  and  calcmm  sulpmde. 
Tho  addition  of  calcium  h^ulphate  Ls  stated  to 
counteract  the  discolouring  effect  of  light  and 
air  upon  lithopone.  Among  other  white  lead 
substitutes  may  be  mentioned  basic  lead  sul- 
phite; oxide  and  silicate  of  zinc;  zinc  oxide 
with  sulphide  or  chloro-sulphite  of  lead; 
mixtures  of  barium  sulphate  and  calcium 
sulphate  with  zinc  oxido,  and  basic  chloride 
of  zino. 

Other  white  pignu  nU.  Tho  wliito  pigments 
of  rommerco  are  known  liv  a  great  variety 
of  names.  Flake  white,  Berlin  white,  silver 
white,  an<l  Krems  while  are  names  applied 
to  very  fine  and  pure  varieties  of  white  lead. 
Venice,  Hamburg  and  Dutch  whites  are  mixtures 
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of  whito  load  and  barium  sulphate  in  dilTuront 
proportions.  Blanc  fixe^  Baryta  white,  fast 
uiUttf  and  Permanent  whUe  are  borimn  sulphate. 
Strontium  or  Sironiiart  white  is  sulphate  of 
strontium.  Magnesia  (MgO)  anrl  niagnosiuin 
carbonate  (MgCOt)  oonatifcate  Magnesia  wkites, 
Sptmifh  v^kUtt  or  Pvri»  wMSfe,  ia  i^Htning,  or 
vhitiiif)  (CaCOj).  Whitening,  pypsum,  kaolin, 
French  chalk,  t^bestine,  infusoriaJ  earth,  &0., 
are  usoti  in  mixed  paints  as  'extenders*  Or 
*  fillers,'  anil  sorno  of  thorn,  with  lime,  are  em- 
ployed as  pttintiag  grounds,  rather  than  as  pig- 
ments. Zinc  white  and  Chinese  vhitc  are  names 
gtren  to  ainc  oxide.  First  employed  on  a  com- 
meroia)  eeale  by  Leclaire,  o.  1847,  this  beanttfol 
picjmpnt  is  in  r  isinu;  in  favour  as  a  constituent 
of  ordinary  paints,  and  for  the  production  of 
eaa,iiu!ls,  wfaite  oO-ololiu*  and  tlie  like.  One 
white  pogsesses  very  fair  covf^ring  power, 
though  les:3  than  flake  white :  it  is  nut  visibly 
affected  liy  sulphuretted  hydrogen.  It  oao  bo 
used  with  oil-  or  water«iiiiediar-«raeoiall7  wdl 
wfth  the  laat*named,  and  if  non-^cnaonona.  Tn 
an  oil  yeUde  it  dries  far  less  rapidly  than  lead 
white.  Admikture  with  calcium  sulphate  is  alleged 
greatly  to  enhaDee  the  spreading  power  of  zmc 
oxide.  Carbonate  of  zinc  has  been  employed  as  a 
pigment,  but  not  very  snccessfully.  Penrl  white 
18  basic  nitrate  of  biamnth  [Bi(N0,),-2Bi(0H),l, 
but  the  name  is  also  used  in  cmmaotion  with  a 
lead  white,  tinted  with  indigo  or  some  other  blue 
pigment.  Yet  another  Peart  trhiic  is  Iii-?muth 
oxyehloride  (^2(Bia.'Bi,0,)H,01 ;  and  basic 
nitrate  of  biamuth  ts  oeeaidonally  caUed  Fhke 
whitt.  Whites  of  tin,  cadmium,  niercury.  ar- 
aenic,  tungsten,  and  antimony  have  all  l>een 
tried,  but  without  permanent  success.  Anti- 
mony white,  however,  U  ^lid  tn  have  consider- 
able covering  power.  The  oxide,  Sl'jOg,  and 
powder  of  algaroth,  Sb^Og'^SbClj,  arc  both  used, 
but  these  pigmenta  deteriorate  on  exposure. 

Tbllow  Pioksktc. 

YcUoir  ochres.  Term  di  Siena,  Slouc  yrllow. 
Soman  yellow.  Mineral  yeUoWt  Oxford  ockrt, 
Ootden  oekre,  Ac  Argillaoeons  earths,  contain- 
ing viiryiii}:  percentages  of  hydrated  ferric  oxide 
(very  durable  and  trustworthy  pigments).  Mart 
^dXow  is  an  artitiiiai  ])re]iaration  of  similar 
composition.  A  pigment  called  by  the  same 
name,  also  termed  SUHetin  ytUow;  iii  Fc,{Cr04)j. 
Chroma  f/elhw  is  Pl.CrO,:  al»<i  PbCr04  PbS04 ; 
and  PbCrO4'2FbS0A.  Pale  and  greeniab  ahades 
eontdn  oitrate  or  tartrate  of  lead,  and  some- 
times also  s\ili)batc.  a*  well  as  lenrl  chromritc. 
Orange  chrome  yellow  is  PbCrOi.PiiO.  Cologne 
ffdkM  IB  PbCM>«,  Pb804.  and  CaSO«.  (These 
yellows  pos.«»esH  considerable  body,  but  are  af- 
fected by  sulphuretted  hydrogen.)  Sironlivm, 
Barium,  and  Zinr.  ytllowx,  SrCrO^,  BnCrOj,  and 
3(ZnCr04)K,CrjO/  (durable,  but  have  iitUe 
body).  Barium  chromate  (/.f/non  ?/fZ/otr,  TeBiow 
Tltnimarinr)  is  the  most  jierrn  inent  of  these  pig- 
ments. Biamuth  ydloWf  also  a  chromate  (not 
permanent).  Ce^mium  fttJhw,  CdS,  dvraUe,  of 
f  rirly  Rood  body,  and  unafTcf'Ic.l  by  •^ttlphnrpttcd 
by<lrogen.  True  Napks  tftUott',  l'l»0,.Sbj()j  (per- 
manent in  oil).  (Cadmium  sulphide,  and  a  pale 
yellow  oehre.  have  Ikmsh  koM  tinder  the  same 
name.  Monipcllier,  Castd  (PbCl,.7PbO),  Tur 
aar^a,  Turin^  Verma,  and  Parit  yiUom,  ozy 


[  chlorides  of  lead  (not  lasting).  King'a  yeiiow  or 
Orpimeni,  AB«8g  (unstable).    Wdfram,  Vana- 

,dium,    Uranium,    Thallium,   Ptdladium,  Tin, 

,  Antimrmii,  and  Platinum  yellows  (most  unstable 
and  little  used).  Indian  yellow  or  Purree,  im- 
pure maADesiumeuxaathatOfCicUj^igOtitSHtO, 
nre  pared  from  the  nrine  of  cows  fed  on  mango- 

]  leaves.  A  beautiful  but  variable  pigment.  Mad- 
der yeiiow,  Italian  pink.  Brown  pink,  &c.  (vege- 
table: non-durable — bleached  on  exposure). 
Oamboge  (a  vegetable  re«n ;  unstable!.  .1  vrcolin, 
occasionally  called  Cobalt  or  Indian  yellow, 
potassium  oobaltinitrite,  K^s(NO|)i«,«H«0 

}  (iurly  permanent). 

Rid  Pranxis. 

Vermilion,  CiriTtalar,  TIgS  (moderately  per- 
manent in  oil :  alterable  iu  water-oolotir) :  too 
ex{)ensive  for  use  in  ordinary  painta.  Minium, 
Eel  kaiJ,  PbjO^  or  PbO.PbjO*  (not  permanent). 
Liyld  red,  calcined  yellow  ochre ;  Indian  red, 
Venetian  red.  Rouge,  Cdcoihar,  Bole,  Caput 
mortwim,  Stc.  :  ochrea  (all  dnieable  ooloura). 
Some  of  these  pigmenta  are  artlfidaUy  obtained 
by  (  alcining  ferrous  sulphate.  Chrome  ni  Of 
Au^rian  cinnabar,  basic  lead  chromate, 

Pb0rO4.PbHtO„ 
and  Chrome  oranges,  mixtures  of  normal  and 
basic  lead  ohiomates  (all  unstable).  R&ilgar, 
AsjSt,  arsenic  snlphide.  Ardimony  vermilion, 
antimonyoxysulphide,  SbcSfO,.  Palladium  red, 
ammonio-cmoride  of  palladium,  and  Brilliant 
.seadet,  meronrio  iodide  (very  unatahle),  have 
l)een  used.  Vandyke  red  i.s  cojiper  ferrocyanide, 
Cu,Fe(CN)^  The  cobalt  redii  are  Uyo  costly  for 
general  use.  MoMer  lakes  (vegetable  coIourH 
on  mineral  bases  ;  unreliable).  Carmine  hih  I'of 
animal  origin — from  Coccus  cacti;  a  beautiful 
colour,  bat  not  permanent). 

(  JkKKX  PlO^fENTS. 

Terre  verk,  an  impure  ferric  silicate  (per- 
manent, but  deficient  in  body  when  need  as  an 

.  oil-colour).    Many  salts  of  copper  have  been 

'  used  as  green  pigments.  Among  the  best 
known  of  the  eojiper  ltccup  are  Malachite, 
Mountain  green,  or  Green  verditcr,  hydroxycar- 

,  bonate  of  copper,  CuCOa.ChiHjO,,  Schweinfuri  or 

I  Smerald  green  (acctoarsenite), 

3(Cu.\8,04)-Cu(C,H,0,),, 
Brunswickgreen  (oxyehloride),  ('uCl2-3CuO,4fl,0, 
and  Vmtigria  (basic  acetate), 

2ru(('JI,0.^.,CuO,fiH,0. 
Scheele^s  gftcn  is  a  basic  ar»eiui<j  uf  ct>ppcr,  now 
but  little  used.  MtUis,  Vienna,  and  KwMtSfftr 
ffreens  have  the  same  composition.  Bremen  green, 
Oreen  ashes,  FAmer  green,  Gentcle's  green  (stann- 
ite).  and  Mint>'il  green,  are  other  copper  pig- 
ments.   All   are   darkened    b^  aulphnretted 

'  hydrogen,  and  most  are  very  poisonona. 

Mixed  :-'Tcens  :  /Jn/nxr/VZ-  f!rr,  n  (aiiotlior 
kind).  iifLUiHin  green.  Hooker's,  I^eaf;  MiUny-, 

[  and  Stlk-gn  cns  are  mixtures  of  various  yellow 
and  blue  pigments,  and  can  be  diamiaied*  aa  of 

'  Very  questionable  value. 

!  Chrnininiit,  GaignrVs,  Panndicr^x,  ^matl- 
'foit's,  Pkssy's,  andi  Chrome  emerald  greens  are 
hvdrated  eesqnioxidea  of  ehromium,  with 

I  pho^hate  ot  bocate  of  chromium.  Virtdkui 
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is  Cr,03,2HjO.  All  are  pt-rmancnt  and  full- 
btKUed  pigment8  (r.  Chromiitm).  Other  uhru- 
miam  greens  are  Casali'fly  IHiiglief'%  tnd  Sohui- 
tzer's  prodncts.    ltinmitwn*9  green^  CdbeM  green, 

or  Zinc  gnrn,  u  compound  of  oxide  (jf  cobalt  and 
oxide  of  zinc  TUanium,  Vanadium,  Uranium, 
Man^amttt  and  Mcif/Mmim  greens  are  aim) 
occasionaUy  met  with  as  pigments.  (7rcm  ultra- 
marine  in  a  calcination-product  in  the  manu- 
fftOtnre  of  artificial  ultramarine.  There  are 
many  unstable  green  lakes  of  vegetable  origin, 
Kuch  as  Chinese  green,  Iri«  green,  and  Sap  green, 
but  they  are  of  little  or  no  value.  Some  nf  the 
green  li^  pigments  prepared  from  the  ooal  tar 

ooknui^  lu>«0Ter,  possew  oonaidmiblo  oovwing  (chiefly  the  ochres,  lamp-MaoI,  red  ieadT  white 


perfume  (t».  Lndiaj*  ink  J.  Hlut-bluck,  Frank/orl 
black,  or  Drop  bUtck  is  made  from  vine  twigs, 
ivofy  cattiqgBy  bone  shavings,  peach  stones,  and 
other  organic  materials,  which  are  calcined  until 

cdmplctc  charring  is  efffrti-d.  After  grindint:. 
the  black  so  obtained  is  made  up  with  glue  and 
water  into  pear-shaped  drops  for  sale.  MaH' 

ganese  black  is  native  i>eroxide  of  manganose. 
All  theac  black  pigmeutii  are  very  durable. 
Sepia  is  a  brownish- black  pigment  derived  from 
the  ink-bag  of  Sepia  offictnuHs  :  it  is  ulferalile 
by  sunlight,  but  less  so  than  Vmtdykf  Iwu  ti,  kv. 

Of  the  above-mentioned  pigments,  only  a  few 


power 


toUght. 


Prussian  blue,  Berlin  blue,  Chinese  blue,  kv., 
Fe,(CN)t«  (liable  to  change).  8ah^  Prussian 
ftfiK,  of  inferiw  quality  to  the  preceding,  is 
KjFe(CN),  jFe^.  AnlwiTp  V.hie  is  h  light -tinted 
variety  of  Prussian  blue.  Indigo,  or  Imiigotin, 
C,,H,oN,0,  (vegetable;  fades  on  exposure). 
Native  uUraniarinr,  pulverised  lapis  lazuli  (an 
cxceilciit  und  stable,  but  costly  colour).  Artificial 
iiUramarine,  probably  Na4(NaStAl)Al,(Si04)t 
(Bnigger  an<l  Backstrom)  a  compound  of  silicate 
of  aluminium  and  sodium,  with  sulphide  of 
sodium;  suggcf^tcfl  by  dinelin,  in  1827,  and 
made  by  Guimet  in  182S.  Loss  expensive  than 
nativie  tdtranaiine,  and  nearly  equal  to  tt  as 
a  pigment.  F-oth  pigments  are  permanent  in 
the  absence  ui  acids  (r.  Ultramaeine).  Thf- 
narrVs  blue,  phosphate  and  aluminato  of  cobalt. 
Cobalt  line,  GalnCs  vUmniari'vr,  nlutninatc  of 
cobalt.  Cyaninc,  Lcitch's  blwc,  a  mixture  of 
cobalt  blue  and  Pnissian  blue.  Smult,  Zaffrc, 
Sojfal,  and  Saxonif  blues,  glasses  coloured  Ia- 
cobalt  oxide.  OmniUum,  .3(Sn08  CoO)+Sn()s 
(stannate  of  cobalt).  The  oolxdt  colours  lack 
aomewhat  in  body  and  permanonoy.  Copper 
ftfaef ,  oarbooatN,  talJmiieS,  and  other  nlto  <rf 
oopper,  an  of  Ktde  Talneu 

Bbowv  Pioimivs. 

Yandj/ke,  Rulens,  CfW.^rZ,  Ubnin,  and  Cologne 
browns :  some  of  these  are  partly  v^table,  and 
are  prepared  from  peat,  cotton,  soot,  &c.  • 
bituminous  matter  is  often  present.  Several 
different  pigments  are  known  as  Vandyke 
brown.  Otlf  thoae  prepared  by  calcfaiing  highly 
ft-rmginous  brown  ochres,  or  consisting  of  a 
dark  tinted  form  of  coloothar,  are  permanent. 
The  variety  of  \'an<lyke  brown,  consisting 
of  a  bituminous  earth,  is  far  less  durable. 
Bund  Henna,  Brown  Urrt  v«rte.  Saw  and  burnt 
umber,  Cappagh  brotcn.  ;ind  Afar»  brown,  are 
earths  or  ochre.«,  raw  or  ciiiciiiod.  Mo.st  of  them 
are  durable  and  retiaUe  pigmento.  Other  browns 
are  Prussian  broken,  Tna<le  l)y  l  al  ining  Pnis-i.ui 
blue  ;  Madder  hmu  n  (u£  vegetable  origin,  and 
liable  to  fade) ;  Biflie,  a  bituminous  brown  ; 
Asphaltum ;  and  Mummy,  Tiie  last  three  also 
aro  untrustworthy  and  fugitive. 

Black  Piomknts. 

Ivory  black.  Bone  hUtrk,  lAirnphtatik.  These 
are  more  or  loss  pure  i  arlii  n,  uid  tlie  names  are 
self-explanatory.  Indian  ink  cunsii^ts  of  very 
fine  lamp  Uack,  together  with  gelatin  and  a  I 


lead,  zinc  white,  baryta  wliite,  Pnis.-ian  blue, 
chrome  yellow,  orange  and  red,  vermilioo,  and 
the  commoner  copper  greens)  enter  into  the  con- 
stitution of  the  paints  used  by  decorators  and 
houise-paiiitcrs ;  white  lead  is  nearly  alwayit  the 
base,  and  is  largely  in  exee.ss  of  the  other  pig- 
mMkts  pceoent,  which  are  teohnicaUy  called  the 
*«to««tm.*  The  finer  Tatietiea  of  these  colours 
and  many  of  the  other  pigments,  arc  used 
habitually  or  occasionally  by  artists.  01  pig- 
ments not  named  in  tiiia  ar^e,  thete  axe  many 
which  arc  simply  fancy  prcparationi^  witil  no 
good  qualities  to  recommend  them. 

As  regards  dutahilily,  it  may  shortly  be 
stated  that  all  the  compounds  of  copper,  lead, 
and  bismuth,  and  some  mercurial  pigments, 
darken  more  or  less,  when  exposed  to  air  con- 
taining sulphuretted  hydrogen.  Moat  of  the 
colonra  which  are  partly  or  entirdy  ^  organic 
origin  fade  on  exposure,  1)y  a  pnn  ess  of  oxida- 
tion. On  the  other  hand,  pigments  w  hi<  h  me 
not  affected  by  fonl  gaaea,  the  barium  and  /inc 
whites,  for  example,  have  unfortunately,  for  the 
most  ])ort,  less  cuvoring  power  than  the  majority 
of  lead,  copper,  and  other  changeable  pigmenta. 
Great  dEeomnaeotioa  must,  therefore,  he  cxtr- 
cised  in  the  oiioioe  <tf  a  pigment,  whether  for 
artistic  or  ordinary  work.  As  a  nde.  pigments 
are  less  fugitive  in  oil-media  than  when  mixed 
with  the  nanal  water-odonr  Tehides.  Chnrdi 
(The  rhemistn,'  of  Paints  and  Painting,  10<>1) 
classities  artists'  pigments,  according  to  their 
stability  in  oils,  as  shown  in  th^  table,  page  74. 

To  adapt  this  table  to  water  colourt".  the  pig- 
ments marked  X  must  be  relegated  to  class  111.  : 
while  Indian  ink,  bistre,  and  sepia  may  be  added 
to  tlie  table.  But  the  two  last  named  must  be 
I^aced  in  class  IIT. 

The  following  examples  of  carefully  rho-cn 
palettes  arc  quoted  from  Church's  work,  just 
( itedt  (a)  for  oO'<paintin9,  fiake  white,  yellow 
ochre,  cadmium  relimv.  aureotin.  vermilion, 
madder  carmine,  uitramarine,  viridian,  Ciippaf^h 
brown,  and  ivory  black :  (h)  for  uatrr-colovri*, 
Chinese  white,  yellow  ochre,  oadnuum  yellow, 
anreolfn,  red  ochre,  madder  carmine,' ultra- 
niarine,  viridian,  M  :    I  rown.  and  Indian  ink. 

Media  or  Vehicles.  JJeJittition.—Th(s  fluids  or 
other  materials  with  which  ^gmente  are  inti- 
mately mixed  for  the  production  of  paint*.  ¥<<r 
oil-painis,  the  vegetable  drying  or  siccative  oih 
are  employed,  and  for  vaUar-colour  paintSf  aizc, 
honey,  glyeemi,  and  aqueou.n  .sulution.s  of  gum.i,  or 
theliKe,  are  in  uwe.  Oil  of  ttir|)entine  i.s  frequently 
added  to  the  oil  mediuni.  n  tinp  partly  as  a 
'thinning'  agent,  and  partly  to  accelerate 
somewhat  the  dr\ing  of  the  paint.  Bensene, 
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Cla^s  I. 
Truly  permaoent. 


Baryta  white. 

Zinc  „ 
xFlako  „ 
Yellow  oohn. 
Raw  sienna. 
X  Naples  yellow,  true. 
X  Cadmium  ,, 
I   Cadmium  orange. 
IxVerarilion^artffleitl. 

Vermilion,  native. 
]    Indian  red. 
I  Light 

I    Venetian  red. 
Rod  ochre. 
Cobalt  violet, 
j   Manganese  violet. 
'    ViridJan  (emerald  oxide  of 
I       chronuum,  ( 'rj03,2H,0). 
Green  oxide  of  chromium, 

Cr,0,. 
Cobalt  iireen. 
Green  Ultramarine. 
Ultramarine. 
Artificial  nliramatinc. 
Cobalt. 
Coeruloum. 
Burnt  sieooa. 
I  Raw  and  bamt  umber. 
Cappagh  brown. 
Verona 
Plnun&n  „ 
Ivory  black. 
Ciiarcoal  black. 
Lamp-blaok. 
Gfapnite. 


Class  IT. 
Somewhat  changeable. 


Anteolin. 
Baryta  ydiow. 
Indian  „ 
Stroatia 

'X  Chrome 
I   Madder  carmine. 
Rubens*  maddier. 
Rose  H 
MMlderKd. 
Purple  madder. 
I    Mara  violet. 

.  Emerald  gfeeo  (Sehweinfurt  g. 

Terre  verte. 
X  Malachite. 

Smalt. 

Prussian  blue. 
Antwerp  „ 
X  Madder  brown. 
Cologne  earth. 
Bitumen. 

Earthy  Vandyke  brown. 


Class  in. 
Untnist  worthy. 


King's  yellow. 
Yellow  madder. 
Brown  pink ;  yellow  lake.  * 
i  Gamboge. 
!    Zinc  rlirMnxate. 
I    Crimson  lake. 
Carmine  and  bnrat 
Indian  lake. 
I   Scarlet  „ 
Puiplo  „ 
Violet  carmine. 
)  Verdigris. 
Sap  greon. 

Green  vermilion,  etc. 
Tndigo. 

Blue  verditer. 
Blue  ocliru. 

Bitominona  Vandyke  brown. 


and  turpentine  subcttitutea,  allied  to  petroleum  I 
spirit,  are  similarly  xisod.  In  tempera-painting 
albuminous  or  gelatinous  media  are  employed, 
and  water-glass  is  the  vehicle  in  stereockromy. 
lime-water  or  baryta- water  ia  used  in  buon, 
Jreacn,  and  frc>tco-.'<ccco  painting.  In  p'lttd 
fKsinlirigt  the  bases  for  the  pigments  are  whiten- 
ing, and  (sometimes)  plaster  of  Paris;,  or  kaolin. 
Beeswax  was  the  medium  in  Orpclc  and  Egyptian 
emnimtic  work,  and  ia  employed  in  spirit-fresco. 
< )  '  r  paint- media  are  occasionally  made  use 
otf  and  will  be  referred  to  presently. 

Oils.  These  are  choeen  for  their  drying  pro- 
perties, or,  in  other  words,  their  power  of  ab- 
sorbing oxygen  when  spread  in  thin  lasers  and 
ezpowd  to  the  atmosphere  ;  by  this  oxidation  a 
film  of  n  dryins;  oil  gradu.illy  Ix-comos  converted 
into  a  coherent  coating  of  a  hard,  e^tic,  vnr- 
nish-liko  substance. 

r.ijisreil  oil  is  the  most  important  and 
commyuly  used  drying  oil ;  it  is  met  with  in 
commerce  under  the  names  of  rato,  refined, 
artisl$\  and  boikd  oil.  Raw  oil  is  as  expressed 
from  the  seeds.  By  agitation  in  lead-lined  tanks 
with  1  p.c.  of  strong  sulphiirio  ;i(  id,  iM.iling 
with  water  or  treatment  with  steam,  and  draw- 
ing off  in  settling-tanks  from  water  and  sedi- 
ment, rnw  oil  18  converted  into  rofinetl  oil. 
Artists*  linsocd  oil  has  been  allowed  to  stand 
for  weeks  or  months,  then  tieated  with  Uthargf 


and  finally  l)ler.chod  by  exposure.  Other  pre- 
ceded uf  reBuing  are  also  used.  Boiled  uil  has 
been  heated  in  air  to  130*,  or  thereabouts,  and 
maintained  at  that  temperature  for  a  little 
while.  Raw  lin«eed  oil  possesses  great  dr3dng 
powers,  which  are  considerably  enlianced  by  the 
operation  of  boiling.  Boiled  oU  is  therefore  a 
most  important  artade  to  the  painter.  Tiie 
drying  power  of  boiled  oil  is  still  grpntcr  if 
litharge  or  some  other  drier  has  bmu  added 
dnring  the  Operation  of  boiling.  The  drier 
appears  to  act  as  a  carrier  of  oxygen  to  the  oil, 
and  a  definite  chemical  c<mipound  of  the  metal- 
lic oxide  with  lin  'leic  a'  id  i.s  at  the  same  time 
formed  (v.  Oils,  Fixed,  ano  Fats;  Dbisbs). 
Both  raw  and  iioiled  linseed  oil  are  tissd  in 
the  mannfacture  of  ordinary  painl-^.  while  for 
the  more  delicate  colours  employed  in  the  line 
arts,  refined  and  artists*  oil  ave  preferred. 

I?oppy,  v.-rdmit,  hempsoed,  and  castor  oils 
are  aiiso  uoed  m  tlie  UKuiufai  lure  of  peants, 
particularly  poppy,  walnut,  and  hemp  oils. 
These  oils  are,  however,  almost  exclnsiTely  used 
by  artists  ;  and  linseed  oil  holds  its  own  as  the 
most  generally  useful  and  applicable  dryini.'  <iil. 
Numerous  additions  t<i,  and  substitutes  for 
linseed  oil  have  been  tried,  among  them  mioersl 
and  re.sin  ^^^i^,  Chmn.  wond  'Tiit^t  oil),  NigST' 
seed  oil,  cottonseed  oil,  and  menhaden  oiL 

Artists  in  oU  generally  use  media  which 
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contain  copal*  amber,  oc  some  other  resiooua 
▼amidi,  and  a  dQoent,  nioh  aa  turpentine,  in 
addition  to  the  drying  oil.  A  good  artists' 
medium  can  be  prepared  by  gently  warming  a 
nixtiue  of  linaeed  or  poppy  oil  with  stvong  oopal 
varmah  nnd  a  trace  of  h'.Mclied  beeswax.  A 
l&m  satislactory  medium  io  '  megilp,'  composed 
of  linseed  oil  and  mastic  varnish.  Such  media 
ara  added  to  tlie  miarad  colours  by  Uie  artiat* 

The  Vili&dM  (or  water-colour  paints  need  no 
descriptioo ;  they  are,  chiefly,  isinglass,  m/.e, 
gam>water  (gum-arabic,  gum-tragaoanth,  and 
gnni'flenegal  are  all  vaadU  hooeyt  daztrin,  and 
glycerol.  Of  the  gums,  gum-sonegal  is  the  most 
suitable.  Dextrin  ia  less  adhesive  nnd  less 
brittle  than  gum.  An  idcoholio  solution  of 
honey-ltevulose  is  preferable  to  hfiuey  it.sc;lf. 

The  various  '  pastes,'  *  fritts,'  and  '  glazes,' 
used  for  ceramic  ware,  enamels,  painted  glass, 
and  the  like*  are  outside  tha  scope  of  thia 
article  {v.  Fbtftb  akd  Glazks  ;  PomrRT). 

Driers  or  Siccatives.  The  etT  1  oi  these 
vn  the  drying  oils  lias  been  referred  to.  The 
driers  mostly  employed  aie  litbarge,  acetate  of 
lead,  resinates  01  manganese  and  lead,  man- 
ganese  dioxide,  and  nianganous  borate.  Man- 
ganese oxalate,  manganese  liudleate*  calcium 
Borate,  zinc  borate,  zino  oxide»  zino  sulphate, 
bnmt  alum,  lime,  red  lead,  and  ferric  oxide 
are  .sometimes  u.sed.  '  Terebinos  '  or  '  liquid 
driers*  are  solutions  of  certain  of  the  above- 
named  metallic  organio  eomponi^  in  linseed  oil 
and  turpentine.  White  lead  itself  has  con- 
siderable siccative  power;  this  is  one  reason 
why  it  is  so  especiiUly  usnnl  a  pigment.  The 

♦  driers '  of  hoiise-p.iinters  arc  commonly  sold 
ready  ground  up  with  boiled  oil.  They  must  be 
used  with  care,  as  they  Rometimeg  detract  from 
the  deUoaoy  of  the  colour  with  which  thev  an 
mixed ;  and  for  this  reaaon  tlie  ma  of  miers 
shoTil  1  I  (  a  TO  i  d  I  1  i  much  as  postlbloiii  paints 
intended  for  *  tini?bing  coats.' 

Paints.  The  mixed  colour?,  ready  for  use. 
Common  oU-paintii  cunsi^t  of  the  pigments 
(generally  white,  load  or  a  substitiitek  such  as 
lithonone^  together  with  small  proportions  of 
tiie  oeaired  *  ttainem '),  ground  with  oil  in  the 
paint  mill  to  a  thick  paste,  and  mixed  with 
'  driera.'  Th^  are  sometimes  manufactured 
and  mjpplied  aa  *  ready-mixed '  paints  (in  whioh 
the  painting  of  comparatively  small  articles  can 
be  effected  by  the  simple  operations  of  dipping 
and  anbseqoent  draining),  but  usually  require 
'  thinning  down  '  with  oil  of  turpentine  to  the 
required  consistency.  The  oil  for  outdoor  work 
is  usually  boiled  oil ;  while  for  indoor  painting 
pale  linseed  oil  is  frequently  used,  together  with 
a  larger  proportion  of  driers.  The  Rmallef  the 
quantity  of  oil  used,  the  <,'rcntcr  is  the  ultimate 
hardness  and  the  less  the  lustre  of  the  paint. 
Distemper  panting,  for  absorbent  snrfMes,  mch 
as  idaster,  necessitates  the  application  of  a 

*  priming,'  consisting  y£  white  lead,  or,  very 
commonly,  whiting,  ground  in  water  and  mixed 
with  size.  There  'ia  little  to  specify  in  reference 
to  artists'  oil-paints,  excepting  that  they  con.sist, 
or  should  consist,  of  pure  pigments  very  finely 
novnd  in,  and  intimately  mixed  with,  oil  of  the 
beat  qnalitf,  no  base,  such  m  wMte  lead,  being 
pret^cnt.  The  proportion  of  ..il  ^ised  varies  vviffi 
the  pigment,  and  ranges  from  lean  than  20  parts 


per  100  of  pigmeat*  for  materiaia  such  as  lead 
and  duo  wnltes,  to  orer  176  parte  p«r  100  for 

colours  such  aa  raw  sienna,  burnt  sienna,  and 
the  like.  Artiste'  water-colour  paints  are  met 
with  in  the  forma  of  oakee,  pas^lea,  and  tube. 

coloTirs.  Cakes  and  pastille  colours  are  usually 
made  by  grinding  the  pigments  into  a  pasta 
with  a  mixture  of  v^nf^wm,  nze,  and  gum-water ; 
the  paste  is  then  compressed  and  dried  at  a 
moderate  temperature.  Such  paints  are  ponnd 
on  the  palett<'  with  water  before  uite.  1  ube  or 
moist  colours  consist  of  1^  pigmokts  made  into 
a  ofeam  with  honey,  glycerol,  fto.  OlToerol  is 
preferable  to  b  n  ri  •  . . 

Many  other  kinds  of  paints  besidei^  those 
already  mentioned  are  manufactured  at  the 
present  time  The  principal  of  these  are  the 
luminous,  fireproof,  damp-resisting,  anti-eorro- 
sive,  water,  washable,  and  enamel  paints? ;  their 
composition  is  Toiy  varied,  and  only  a  few 
short  notes  can  be  included  in  refmnoe  to  theim. 

Luminous  paints  coi\f>ain  phosphorescent 
sulphur-compounds  of  strontium,  barium,  or 
calelnm,  aometimes  associated  with  bismuth, 
uranium,  and  other  pilts.  The  mixtures  are 
submitted  to  a  calcmation  proce&s,  and  com- 
:  bined  with  suitable  pigments  and  media. 
Bal  main's,  Vanino's,  Monrel's,  and  Lennord*a 
luminous  paints  are  well-known  preparations 
belonging  to  this  class  of  paints.  Calcium 
tungstate  is  stated  to  yield  an  especially  power- 
fully phoephoveaoent  prodnot. 

Fire-proof  paints.  Tliese  pnint<^  differ  widely 
in  compdbition,  but  asbestos  i$i  present  iu  nearly 
all ;  and  many  oomtain  alkaline  Pilicates,  borax, 
ground  f!uor?pnr,  rrlass,  nnd  similar  substances. 
A  mixture  of  aluminium  and  so<lium  silicates  is 
i  sold  under  the  name  of  '  fireproof  (  vrmite.' 

Water-prool  or  Damp-resbting  paints.  Ume, 
I  crushed  flint  and  marble,  sawdnst,  shellac, 

n  pbaltum,  gutta-percha,  residues  from  petro- 
I  leum>distillation,  and  numerous  other  ingre- 
I  dienta  enter  into  the  oompoeillmi  of  these 

preparations,  either  in  addition  to,  or  instead  of, 
I  the  ordinary  constituents  of  paint.    One  of  the 

most  effioient  waterproof  paints  on  the  market 
I  at  the  present  time  is  etatod  to  ba  the  product 

known  as  "Inertol.'* 

And  foulln!?,  Anti-corrosive,  or  Preservative 
I  paints,  for  surfaces  of  iron,  ships'  bottoms,  &c. 
I  libny  of  these  paints  ooDfeain  rariiunn  oonsti- 
'  tuents,  and  resemble  varnishes  in  this  respect. 

Oxide  of  iron,  pitch,  Bhellao,  colophony,  tannin, 
I  silicate's,  ite.,  are  common  ingredients  of  these 
'  compositions.  An  emulsion  of  tar  and  clny  is 
■  stated  to  be  a  highly  protective  coating  for  iron 

and  timber. 

Water  and   WashaUa  paints.  Ordinary 
'distemper*  oannot  be  wnsMd,  but  many  m 

the  water-paints  on  the  market  at  the  present 
j  time  are  washable  when  dry.  Some  arc  '  sili- 
I  oate  of  soda '  preparations ;  in  others,  butt«r- 
'  milk,  or  casein  is  used  in  association  with  the 
,  colours.  The  miscibility  of  some  with  water  is 
[  broni^t  about  or  promoted  bv  the  presence  of 

soap,  or  by  the  partial  saponi^cation  of  the  oil. 
:  Water-paints  niercly  require  mixing  with  water, 
'  and  those  which  are  described  as  waterproof 

should  renist  atmoephcric  influences  as  satis* 

factorily  as  oil-painta. 

Enamel  paints.  These  arc  brillianlly  coloured 

decorative  paints,  yielding  smooth  and  lustrous 
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coatings.  Eiisontiaily  they  conwst  of  oil  var-  Mayer),  A  Troatiso  cm  rol*n>r  Muntifnitiire, 
nuhesi  groand  np  with  the  finely  divided  pig-  \  19ds ;  0.  D.  H«>I]cy,  The  I/cnd  and  Zinc  Pig- 
ments and  thinned  spirit  of  tui|>entin«.  The  !  ment«.  1&09;  .1.  C.  Smith,  Oxide  of  Zinc,  Its 
high  lustre  of  the  painted  surface  is  dne  to  the  Nature.  Properties,  and  Uses,  1009 ;  A.  Eibner, 
latge  projxirtion  of  rcpiri.s  pn--*'iit.  MaliiKiterialit  tikunde  als  Gmndlafze  der  Malt^rh- 

ouch  miscellaaeous  products  as  the  so-caUed  I  aik,  Berlin^  1900 ;  24.  Ftiend,  An  Introduction 
*  gold '  paints  Mid  enameb  (oonaistuig  of  brance-  |  to  the  Chemiatry  of  Faintv,  1010 ;  W.  6.  Scott, 
powder-*  ^ii^prndcfl  in  re'inous  vamLshcs,  or  in  White  Paints  nnd  Paintin'4  Mriterinls,  Chicap«s 
a  solution  t»f  fflliiloid  in  amyl  acetate  ami  1910;  A.  P.  T^urie,  Greek  and  Roman  Methods 
acetone) ;  '  silver  '  jviiiit  (in  which  finely  divided  ;  of  PaintinR,  H)10 ;  A.  P.  Laurie,  Ifckterials  of  t>ie 
nluiiiiniuin  is  the  pifirncnt) ;    aniline-coloured  |  Painters' CVaft,  101  <•  E.  G.  C. 

aluminium  paints;  uiitia-scale  paint;  flexible  PALATINE  ORANGE.  This  colouring  mat - 
paint;  grease  paints  (tinted  cnsmetirs)  ;  floor  ter  is  the  ammonium  salt  of  tetranitro-7- 
paint* :  roof  painta ;  and  the  like,  can  receive  j  diphenol.  It  is  soluble  in  water,  and  dyee  wool 
nut  a  bare  mention  here.  Aliimlidnm  paint  in  and  idlk  orange  in  a  bath  aeidifled  trith  aoetio 
now  vi  I  \  '  xioii'^ivrly  usimI.  nr  Hiilpliuric  u<  i<l  (Hummel*  Dyeing  of  Xeztfle 

For  analysis  of  paints,  r.  Analvsis  :  also    Fahrif**  (i84>o),  p:  4Ul). 
roferoncea  bttow.  Totranitro-7-diphenoI  C,,Tl4(XO,)4(OH),  is 

Literature. — J.  Cameron,  Oili  :in<l  Varnishes,  j  obtainnl  I>_v  the  action  of  funiin;:  nitrii  ;u  ifl  on 
18S0  ;  W.  J.  Russell  and  W.  de  \V.  Abney,  '  'y-diphenr>l  or  on  benzidine,  and  inehs  at  220°; 
Report  ...  on  the  Action  of  Light  on  Water  prolonged  heating  with  concentrated  nitric  acid 
Colours,  1888 ;  A.  F.  Laurie,  Pigments  and  j  conTerta  it  into  picric  acid  and  oxalic  acid 
Vehicles  of  the  Old  blasters.  Cantor  Tjeotnres,  (Schmidt  and  gehult»:,  Annalen,  207,  35l6)i. 
Soc.  Arts,  1S01-1S02;  J.  P.crsch,  Die  Fabrika-  PALISANDER  WOOD.  This  name  is  now 
tion  der  Mineral-und  Lackfarben,  Wico,  1893 ;  generally  applied  to  one  or  more  kinds  of 
Evidenoe  and  Report,  Departtneatal  Committee  |  timbers  that  resemble  mee-wood  and  are  ob> 
on  the  Various  I>oad  Industrief!.  1894;  A.  P.  tainc<l  in  tropical  South  ArnmVa  and  'Mfvicn. 
Ijaurie,  Facts  about  Processes,  Pigments,  and  The  wood  is  lighter  or  darkt^r  violet  brjiwn 
Vehicles,  1S95;  R.  Lemoino  and  C.  du  Manoir,  or  chocolate,  and  is  marked  bv  darker,  often 
M  nuel  Pratique  de  la  Fabrication  des  Couleurs,  black,  bands  running  vnih  tKe  grain.  The 
i'ari^  1898  ;  G.  H.  Ellis.  Analysis  of  White  actual  origin  of  the  timber  is  not  known,  but  is 
Paints,  Chicago,  1S99  ;  Y.  H.  .TcnnlHon.  The  aftriliutid  to  the  bignoniaceous  .hirardiida 
Manofaoture  of  Lake  Pigments  from  Artificial  bra»U%ana  (Pers.)  as  weU  as  to  one  or  more 
Oolonrs,  1900;  J.  Bersoh  (Trlr.,  A.  C  Wright),  I  species  of  the  leguminous  g«>nem  Jf«eXa«rittm 
Thp  ^Tanufacttire  of  Mineral  and  I>ako  Pigments,   and  Dnlhrrifia. 

1901 ;  A.  H.  Church,  The  Chemistry  of  Pfilnt««  I  The  name  '  palisander  «  oo<l '  has  apparently 
and.  Pain  tine.  1901  ;  J.  C.  Smith,  The  Mann-  also  been  applied  to  an  entirely  different  red 
factiire  of  Paint,  1901  ;  F.  J.  Parry  and  J.  H.  dye-wood  of  onknown  origin,  obtained  in 
Coste,  The  Chemistry  of  laments.  1902  ;    I .  Madagascar. 

Oliver  (ed.).  Dangerous  Trades,  1902;  C.  II.  PALLADIUM.  Sym.  Pd.  At.  ut.  101V7. 
Unrst,  The  Painter's  LaboraU^  Guide,  1902 ; :  Occurs  in  all  varieties  of  enide  platinum  and  in 
B.  G.  Clayton,  Some  Anidvses  off  Common  Pig- '  many  copper  ores,  especially  in  those  whieb 

ments,  Chem.  Xfws.  85.  (1002),  290  ;  L.  E.  Andes  are  ni.  k.  lifrr.tu^  nnd  whidi  arr  ft^Huciate<l  with 
(Trirs.  A.  Morris  and  Robstm),  Oil  Colours  and  pvrrhotino.  It  aiiso  on  urs  as  an  alloy  with 
PHnters'Inba.1903;  A. C  Wright.  Simple  Methods  I  platinum  or  jrold,  esiLx  i  dly  in  Brazil,  and,  in 
nf  Tostinff  Painters*  Materials,  190^;  P.  N.  Has-  association  vnih  selcnide  of  lea<l,  in  the  Harr, 
111.  k,  Paintera' Oils,  Colours  and  ^  a rnishcs  190.'>;  in  the  form  of  hexa^oiml  plates,  althouch  it.s 
I".  Diol6,  Les  Mati^res  Prcmil  rc.s  employees  dans  I  normal  crystalline  f(»rm  in  other  <lr].<.His  is 
lia  Peinture  en  Batiment,  Paris,  1905;  A.  H.  I  octahedral.  Its  principal  source  is  the  matte 
Snbin.  The  Industrial  and  Artistic  Technology  I  from  the  copper-nickel  ores  of  Sudbury  in 
of  Paint  and  Varnish.  IWr> ;  J.  M.  Thomson,  '  Onfaric  TIk-  tn(al  production  of  the  Unit<-d 
The  Chemistry  of  Artists'  Colours  in  rol»tion  to  1  Sutcs,  mainly  from  tim  source  although  partly 
their  Cnmpoeition  and  Permanenfff,  Soe.  Arts  from  erado  platimim,  was  over  2000  oe.  in 
.Tnur.  51  (1905-6),  r^«S-:?n7  ;   C.  H.  Hall,  The,  1910. 

Chemistry  of  Paints  and  Paint  Vehicles,  190(5  ;  Palladium  has  aUo  been  detected  in  a 
a.  Zerr  ind  R.  Rubencamp,  Hnndbuch  der  meteorite  (Trottarelli,  (Ja/z.  chini.  ital,  1890, 
Farben-Fabrikfttion,  Bros. i  n.  1900;  A.  P.  |  20,  Gil)  and  in  the  solar  Hpectrum  (iiockyer, 
Laurie,  Oils,  Varnishes,  and  Mediums  used  in  Compt.  rend.  1878,  8«.  317). 
tlif  Painting  of  Pictures,  Soc.  Arts  Jnar..  55  j  /V/jarfl/jow.— Pilhdiuio  may  W  precipi- 
(1900-07),  657-663;  Q,  H.  Hurst,  Painters' I  tatcd  as  &  double  ammonium  chloride  from 
Colonrs,  Gilo,  and  Varnishes,  IMO;  M.  Toeb, !  the  mother  liquor  obtained  after  rrm  .ving 
Tho  Qiemisf  rv  r^n.l  Tc<  llnn^o^v  of  Mix.  d  Pninf  platintim  and  iridium  (v.  Plawum)  (Wollaston, 
1907;  J.  G.  Gentcle  (ed.  A  iiuntrock),  Lehrbucli  i'iiil.  Trans.  1805,  95,  liU't).  The  pure  metal 
der  Farbenfabrikation,  Braunschweig,  1906-09  ;  may  be  obtained  from  tho  double  s^alt  by  mlucing 
Deutsch'-  (  M  ^.'llschaft  zur  Bcfordrnin:'  nfion-  the  latter  at  a  red  heat  in  a  current  of  dry 
eller  Malvi  rfahren,  Kommission  /-ur  lk  kamj»fuiiir  imro  hytlroucJi.  after  which  thp  metal  is  ooolrd 
von  Misstniiden  in  der  Herstellnnsr.  im  Handel  in  a  current  of  rfii  lion  dioxide  to  remove  oerlu  l  -l 
und  in  der  Verarlxitung  tier  Farben  nnd  Mai-  hy«lrogen.  •The  u»etal  w  alsti  fornKnl  by  the 
materinlien.  Miinehen.  1906  ;  O.  Petit  (trlr., '  reduction  of  pallaiHwm  ohioritle  xeiih  formic  anid 
T).  f  Irani).  Tho  Manufacture  and  Comparntiv.-  <'r  a  fornmti-.  M.  reurie  .  \anide  im <  ipilal. 
MeriU  of  Wliite  Lead  and  Zinc  White  Paints,  j  iMlladium  fiom  neutral  H>luiii>n8  a*.  the  white 
1907 ;  O.  Zerr  and  B»  EObsnoamp  (Trir..  C.  di-cyanide  which  yields  Ihe  mt'tal  on  ignition. 
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In  either  case  the  metal  nuist  bt-  heated  in 
hydrogen  uiid  ihtu  cuultd  iii  ciirljuu  dioxide. 

LilcnUure., — Bunsen,  riiil.  Mag.  1S08,  [iv.] 
3(i,.2Si ;  rtiiUpp,  DingL  Poly.  J.  1870.  220,  95  ; 
Ouyard,  Uompt.  lead.  18U3>  5C,  1177 ;  Leidie, 
ihl>l.  igOQ»  181.  888}  Orloi^  Cbem.  Zeil.  1906^ 
3u.  714. 

Palladium  is  a  silver- white  metal  aa  hard  aa 
platinum  but  Icsh  ductile.  It  Im-  a  s]i  ut.  of 
ll-^T  (V'iolle)  and  melts  at  1646''  iVVaiuiier  and 
Burgess.  J.  Soc.  Chem.  Lid.  1907. 1140).  When 
heated  to  loir  xedneaa  in  air,  it  beoomaa  bluish, 
bat  it  regaina  its  ^diite  sppeaiance  at  higher 
temperalun  .s.  At  the  melting-])oiiit  of  iridium, 
it  boils  and  volatilises  as  a  green  vapour  ^ith 
partial  oxidation. 

It  unites  with  fluorine  and  •chlorine  at  a  dull 
red  heat,  and  superticiaUy  with  iuUiau  whcu 
treated  with  alooholic  iodimeaolation.  Palladium 
is  readily  attacked  by  oqm  ngia,  but  less  so  by 
other  acids.  It  unites  with  sulphur  and 
heltiiiuni,  less  readily  with  phcisphorus  and 
ariienic,  and  with  silicon  at  a  white  heat.  It 
^  forms  alloys  with  many  metab. 

Palladium  has  been  employed  for  the  gradu- 
ated circles,  &.C.,  uf  plulusophical  instruments. 
and»  to  a  small  extent,  in  ^vateh-making,  and  has 
been  used  for  the  electro-plating  of  parabolic 
mirrors  on  account  of  its  silvery  appearance 
And  absence  of  change  on  exposure  to  itnpuru 
•ir*  It  is  also  used  for  soideriiiK  platinum, 
hot  the  bulk  of  the  outirat  is  employed  in  ^ 
manufacture  of  dental  alloys. 

Pailaiiium.  in  the  form  of  ttalladium  asbestos. 
^»  aaid  to  ffive  ezeellent  results  whei\  used  as  a 
contact  sumtance  in  combustion  analyses.  It 
miiy  he  prepared  for  this  purpose  by  precipitAt- 
ing  a  solution  of  pure  palladium  chloride  in  the 
pxesenoe  of  asbestos,  by  means  of  alkaline 
aodhun  fonmte  (Jaoobsen  and  Landesen.  Ber. 
1907,  40,  3217  ;  Deiinstadt,  i'f>i<I.  3(577). 

Cklladiuxu,  either  in  the  form  of  sponge  or 
blaol^  has  catalytio  pnipertiee  in  a  graater 
.    degree  than  plalinura. 

LiUiraLuro  on  the  catalytic  propirtiea  of 
palladium  and  of  colloidal  palladium,  Coquillon, 
Compt.  rend.  1878,  87,  795 ;  PhiUipe,  Zeitsoh. 
anorg.  Chem.  1894. 6,  213 ;  Lunge  and  AkanoS, 
ihid.  im  24,  191  :  Krnut.  Ber.  1887,  20,  1113  ; 
Jahn,  tbid.  i8tiU.  22.  98^ ;  Zelinsky.  ibid.  1898, 
31,  3203;  Bredig  and  Fortner,  ihid.  1904.  3, 
798;  Paal  and  Roth,  ibid.  1908,  41,  2273, 
2282;  ibid.  1909.  42.  1553;  ibid.  1910,  43. 
2684.  2692. 

Falladinm  sponge  or  Uaok  would  be  emploj^ed 
on  a  oommegdaJ  scab  instead  of  or  in  oonjunetion 
with  phitinnm  if  a  sufficient  capply  were 
available. 

FaSadinm  abeorbe  various  gases  in  quantities 

varyin2  ^vith  its  physical  state  fCailli  tet  and 
(  "<jli<iniga.u,  Compt.  rend.  l<i"J4,  iiU,  83U ; 
Moml,  Ramsay  and  Shields,  Proc  Roy.  Soo. 
1897.  62,  290 ;  Harbeck  and  Lunge,  Zeit4oh. 
anorg.  Chem.  1898,  16.  50). 

At  ordinary  t<'ni{)er,  i  u :  : ,  u  j)alladiuni  wire 
%Tiil  absorb  between  300  and  400  times  its 
bulk  of  hydro^  and.  i^en  heated  to  redness 
in  hvfbrogen,  it  absorbs  nearly  1000  volumes 
and  uicreasus  in  btUk  by  nearly  10  p.c.  This 
'  alloy  '  of  hydrogen  and  palladium  is  jtermanent 
in  air  and  in  vacud  at  ordinary  temperatures, 
but  yields  up  the  whole  of  its  hydrogen  when 


heated  in  mcud  (Mond,  Ramsay  and  Shields, 
Chem.  News,  1897.  70,  :ii7  ;  l>ert'iir,  iLid.  274  ; 
Fischer,  J.  Soc.  Cliem.  Ind.  1900,  993). 

'  Palladinm  hydrogen '  is  a  valuable  reducing 
agent  (Sabatier  and  Senderens,  Compt.  rend. 
1892,  114,  1430;  Ann.  Chim.  Phv.^.  lS9ti,  7, 
357,  383 ;  Eugel,  Compt.  rend.  1699,  129,  518 ; 
Keiser.  Ber7l§B7.  20.  mH). 

In  presence  of  water  and  of  oxyE;rn,  pal- 
ladium hydrogen  seems  to  behave  as  an  oxidising 
agent,  this  lienig  probably  due  to  the  formatkm 
of  hydrogen  peroxide,  wluoh  in  the  presence  of 
palladium,  behaves  as  the  oxidiser  (Traube.  Ber. 
1889.  22.  1496  ;  Hoppe-Seyler.  ibid.  221o). 

Tlie  salts  of  palladium  have  so  far  been 
but  little  applied  to  teohnitml  use.  but  some  of 
them,  like  j^iotassium  palladium  chloride,  are 
employed  for  toning  in  photography  (J.  Soc. 
Chem.  Ind.  1911. 1410).  The  metal  iii  eouimunly 
included  in  the  sub-group  which  includes  the 
metals  rhodium  and  ruthenium.  All  three  are 
Ughter,  melt  more  readdy  and  are  more  easily 
volatilised,  oxidised,  and  dissolved  than  the 
other  metals  of  the  platinnm  group.  The 
divi.sion  of  the  platinum  metals  into  two  ^n)ups 
is,  however,  somewhat  arbitrary,  and  dejieniU 
mainly  on  difieience  in  density  ;  and  i»allatlium, 
like  oi=niium,  \vould  almost  require  to  be  placed 
aluue  except  as  regards  this  one  point,  if  sub" 
divisioa  were  permfasihK 

PAUJU>n7ic  OoxpoimDS. 

Oxidis.  Palladium  monoxide  IMO  may  he 
prepared  as  an  amber-culuured  luass.  yielding  a 
black  pomlcr,  by  heating  a  mixtureof  apalladiutn 
salt  with  potassium  carbonate  ;  or  as  a  bluii^- 
preen  mass  by  heating  the  >-pongy  metal  in  a 
eurn-nt  of  oxyi,'en  at  700''^40 '.  It  acts  as  a 
powerful  oxidking  agent  to  organic  substances, 
and  is  reduced  to  metal  by  hydrogen  or  hydrogen 
[XT  ixi  Ir.  ^Vlien  fre>hly  precipitated  in  the 
Cold  troin  a  ^)^iUaduUii  huIl  with  sodium  carlx^nate, 
the  hydroxide  is  dark  brown,  and  is  readily 
soluble  in  alkah.<4.  If  dried  or  precipitated  from 
a  lx>iling  solution  it  becomes  iusoluble.  The 
palladious  salts  which  corres})ond  to  this  oxide, 
are  of  a  green,  red,  or  biowu  coloor,  and  have 
an  astringent  taste. 

Mladium  dioxide  PdO,  may  be  obtflinerl  in 
an  impure  hydra t«d  form,  soluble  in  at  id,  by 
the  interaction  of  caustio  soda  and  a  palladi* 
chloride,  or  in  a  purer  form,  by  the  anodic 
oxidation  of  tko  uitrate  (Wohler  and  Ktinig, 
Zeitsch.  anorg.  Chem.  1905.  4l>,  323  ;  ibtd. 
1906, 48. 203).   It  is  a  vigorous  oxidising  agent. 

I^llailiniil  MWpdOKMePdgOs  is  best  prepared 
hy  the  eh-etrolyl ic  oxidation  of  a  coneentrated 
solution  of  paUddiuU:^  nitrate  at  6"  with  a  current 
density  of  0'6  cm.  arap./cm* ;  but  if  the  electro- 
lysis is  prolonged,  the  uioxide  is  fornn  d  (W'ohler 
iiiid  Martin,  ibid.  1908,  57,  398).  It  iuniiii  a 
dark  bro\vn  unstable  powder ;  gives  unstable 
solutions  in  hydxodtknio  acid,  and  when  sua* 
pended  in  e&er  and  mixed  with  idkaK  ehloridee, 
un  addition  of  hydroehli  lii  neid.  the  dout)le 
chlorides  PdClj,2MCl are  formed, vvhicii  in  <  <jntact 
with  water  yield  the  salts  MtPdCl4. 

Halogen  compounds.  Palladious  chloride 
i*d(l,  niay  be  prepare^l  by  the  action  of  air  or 
of  chlorine  and  hydrochloric  acid  on  the  metal, 
or  by  heating  palladious  sulphide  in  drv  chlorine 
(Matignon,  Oimpt.  rend.  1903.  137,  1051). 
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It  on'stallibcs  mtii  2  woh.  of  wuicr  u-itL  u 
mldish-nrown  colour;  loses  yrAtcr  ou  heating 
ftiid  lx?coincs  (lark  brown,  nnd  at  a  n-tl  heat 
forim  the  monochluride  i'liCl,  u  rcd-browii 
oiyBtaUino  dflUquesoent  ihms.  Palladious  chlorid  e 
combines  with  carbom  monoxide,  yielding  the 
orvstallme  oompounda  WC1,-C0,  m.p.  VJ1°  j 
l\lCl,-2(_'0.  m.p.  142'  ;  2PdCl,-3CO,  BUpb  IS^* 
{FiMxk,  Ctompt.  rend.  1898, 120,  (i46). 

PftUadiotiB  chloride  forms  iluuMe  chloiide 
vnth  otlirr  rnetnls  kno>vn  as  ■palladwchlorides  or 
chlorojmlladUea  of  the  tvr>e  MjlMCl,  (Gutbier 
and  Kroll,  Ber.  19U5,  38.  2385),  of  which  the 
potassium  salt  is  used  in  photography  for  toning 
(J.  Soc.  Chem.  Ind.  1901,  15^4;  Kessler,  tbidi 
840). 

Many  oi^nio  basic  derivatives  of  these  salts 
an  known  (Hardin,  J.  Amer.  Chem.  Soe.  1890» 

21,  943  ;  Rosenheim  and  Moass,  ZeiLsch.  anorg. 
Chem.  1898,  18,  331  ;  Gutbier,  Ber.  1905,  38, 
2105;  Gutbier  and  Kreli,  ibid.  3809;  ibid. 
1900.  39, 610, 1292 ;  Gutbier  and  Woerole,  ibid. 

2710). 

Palladic  chloride  is  not  kno^v'n  in  the  free 
State,  but  only  as  double  salts  of  the  t^'pe 
M,BdC9„  and  in  combination  with  tertiary 

cyclic  organic  bases,  and  with  tertiary  basen.  as 
iuteusoly  coloured  prodnct^j  (Mohlan,  Ber.  1900, 
39,  861 ;  Ontbier  and  Woemlc,  ibid.  4134). 

The  sesquichloride  PdCl,  is  obtained  as 
above,  and  m  the  lorm  of  double  .*»alts  M,PdCl, 
(Wohler  and  Siartin,  I.e.).  Bromidf.s  )ind  io<lide3 
of  x>alladium  are  also  Iwown  (Gutbier  and  Krcll, 
I.e. ;  Smith  and  Wallace,  Zeitsch.  anorg.  Chem. 
6^380). 

Ammonia  salts.  Ammonia  acts  on  palkdiou:^ 
salts  formuig  paUadotammine  and  paUadiodiam- 
mine  compoutulH,  annlopous  to  the  corresixinding 

glstinum  comixjundsi  (Miiiler,  Aimalen,  1853, 
8,  341).  Palladium  derivatives  of  hydroxy  1- 
amine  (Zcisel  and  Nowack,  Annalen,  1VM>7,  351. 
439)  and  of  hydrazine  chloride  (Bardakofl,  J. 
Rubs.  Phys.  Chem.  Soo.  1909, 41, 767)  have  been 

^'^^W^  •  83  p.c.  aohition  of  »  primary  alkyl 
nnine  is  added  slowly  to  an  excess  of  p;\lladiou.s 

ohlonde  or  bromide  »oluli<Jii,  ruM -red  ntvdles  of 
a  salt  Bd(NU,)«X,FiX2  are  thrown  down. 
Th'se  salt  s  arc  readily  converted  iutopalladosam- 
niino  derivatives  of  formula  PdRjXj  (R=>rool. 
of  amine,  X^halogen)  liy  {a)  healing'  to  200°, 

ib)  by  evaporating  their  aqueous  solution,  (c) 
ty  solution  in  warm  allGau  and  pieoipitation 
with  tin  d'  -in  d  lialojrcn  hydri'h>. 

The  {uiliadosnninune  chlurides  are  of  a  jwde- 
yellow  (olour,  the  bromides  dark-yellow,  and 
the  iodides  bromii.-h-yellow.  They  all  yield 
colouili  .s-i  solutions  in  concentrated  ammonium 
hydroxide  (Gutbier  and  Knll,  IVr.  1900,  39, 
1292;  Zeitach.  anorg.  Chem.  1905,  47,  23). 
Certain  diamines  also  yield  roee-  or  flesh- 
oolourtd  salts  with  jwlladous  haUdcs  of  the 
composition  Pdi),X„PdX,  (X=halogeu,  D=» 
diamhw)  (GntUer  and  Wocrnle,  Bar,  l,e. ;  see 
also  Rosenheim  h:  1  Muass.  I.e.). 

Falladious  nitrate  iMlNOJ,,  in  formed  by  dis- 
solving the  metal  or  the  oxide  in  nitric  ncid.  It 
forms  brownush-yello  wdehquesoent  j^riituu,  which 
vn  addition  of  water  are  converted  mto  a  brown 
powl.  i  .  1     T.i  osin.  n  lM(Nn,l,.:?PdfOH)_,. 

Potassium  pailadionlUite  Pd^Au^i^K^  i^  a 
palo-yeUow  eryftalline  powder  formed  by  adding 


I)ota8sium  nitrite  to  a  liot  solution  of  potassium 
paUadiochloridc,  and  according  to  Fbia-Bsoot 

and  (buquct  (Co nipt.  rem!.  1900,  180,  I07^t). 
this  may  ber\e  as  a  micro-chomical  te.st  for 
palladium. 

PaUadlous  eyanlde  is  a  pale-yellow  salt  ob- 
tained  by  the  action  of  mercuric  cyanide  on  a 
palladious  salt. 

PaibuUous  tliiocy«iuU«t  are  described  by 
Belucci  (Atfct  R.  Aooad.  linceL  19M,  ▼.  13,  iL 
380). 

PaUadlous  sulphate  PdS0«,U20,  formed  by 
the  solution  of  ue  hydroxide  in  sulphuxie  aoia, 
forms  olive-green  crystals  which  are  decomposed 
by  water  forming  a  ba«ic  salt  Pd(i>0«),7Pd(OH),. 

The  tulfAidet  PdjS,  Pd8.  and  PdSj ;  seknidts 
(Boesaler,  Zeitsch.  anoig.  Chem.  1895,  9,  31; 
MS  Fetrenlm-KritehenlDO,  ibid.  1893. 4, 247),  and 
also  ihios7(lphnti.i  are  known  {sfe,  tOO,  Hlraiwan 
and  Hochtien,  Ber.  1904,  37,  246). 

FwiltlHwin  tllleidM  are  formed  when  the 
clement^  are  heatetl  togctlur  1-.  5<.K)''-G<  HJ° 
(I/  l>eau  and  Jolibois,  C<)mpl.  nnd.  1908,  140, 
1028). 

A  number  ci  oomplex  nitrites,  sulphites, 
phosphates,  and  oxalates  have  been  prepared 
(I^.iseleur,  Compt.  rend.  1900,  131,  262  ;  V6zes. 
Bull.  Soc.  chim.  1899,  [iii.]  21,  172  ;  Rosenheim 
and  Itzig.  Zeitsch.  anorg.  Cliem.  1900,  23,  28). 

For  certain  other  organic  compotmds  of 
ptUlndium,  aee  Hofmanu  and  Rabe,  ibid.  1897, 
14,  293  :  Knmakoff  and  Swosdanff,  ibid.  1899, 
22,  384.  Z.  IL 

PALMITIC  ACID  CH,[CH,],,COOH  is  a  con- 
stituent of  the  greater  number  of  animal  and 
vegetable  iats,  in  whicii  it  occurs  as  the  glyoeride 
tripatnUHn  C,Hj(C,«H„0,)5.  It  is  obtateed 
from  palm-oil  (wlioncf  its  name)  by  siAponitlea- 
tion ;  also  by  treating  oleic  acid  with  caustic 
alkali.  It  also  occurs  in  CSiineee  wax  (from  i9ap>iMi 
sebifervm  f Roxb.]),  in  Japanese  wax  (frnni  J'htis 
succedanea  [Linn.]),  in  butter,  sp<  i  m.n  i  ti,  human 
fat,  lard,  &c.  ( I''r6my,  Annalen.  .'{tl,  44 ;  Maskelyne, 
J.  1855,  519  ;  Brodie,  ^Vnnalen,  71,  159  ;  Krallt, 
Ber.  1888,  2205;  Varrentrajip,  Annalen,  35, 
210).  Oysitallises  from  alcohol  in  net-dies ; 
m.p.  62^,  and  distils,  with  slight  decomposition, 
between  339*  and  366%  b.p.  268-6*  (100  mm.) ; 
sp.gr.  0-8527  at  62   4  . 

Cetyl  palmitate  CjeHjiOjC,,!!,,  is  the  chief 
constituent  of  spermaceti  (lleintz,  Annalen,  80, 
207).  Cn staUises  from  ether  in  thin  plates; 
m.p.  o[i \>  . 

Cerijl  jHtlmilale  C,,H„O.Cj.H„  is  the  mftin 
(  oustituent  of  opium  wax  (Hesse,  Ber.  1870^ 
O.'iO) :  m.p.  79*.   Myricyl  palmitate 

CmH,iO,C^H,j 
is  found  in  beeswax  (Brodie,  Annalen,  71, 159) ; 
m.p.  72°. 

By  heating  palmitic  acid  with  f.'lvc(rol,  the 
mono-,  di-,  aud  tri-polmitins  are  prepared.  Tri- 
piUmUin  melts  at  62*  ((Chittenden  and  Smith, 
Amr-r.  Chem.  J.  6^  830;  Stenhonae,  Annalen, 

36,  54). 

For  estimation  and  other  detaih,  v.  Ona, 

Fixed,  and  Fats, 

1      PALHITIN  V.  Oil,  Fixkd,  and  Fats. 

I  PALM  KERNEL  OIL.  Palm  kernel  oil  is 
obtained  from  the  kernels  of  the  palm  tref  fruit. 
I'he  kernels  uru  coilci:ted  by  the  natives  after 
the  palm  oil  has  been  recovered  from  the  fleshy 
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part  of  tlie  fruit ;  the  shells  are  rcmnvi'd  by 
crackiug  each  nut  separately  with  a  stonu  ui 
hammer.  This  work  is  chiefly  done  by  women 
and  oMdren.  OwiiiK  to  the  iftboiioasoeas  of 
this  pnxseBS,  and  ubo  to  the  fact  that  no 
more  than  about  15  pcjuuds  of  kernels  arc 
obtained  by  one  worker  in  a  day,  and  that  the 
kenieb  have .  to  1m  carried  to  the  market, 
enormous  quantities  of  pnlm  nuts  are  wasted. 
Although  recently  serer^  nut-uracking  machines 
hAVo  bete  sent  to  the  west  coast  of  iirica,  they 
have  hitherto  not  been  able  to  aapplaat  mannal  I 
labour.  The  kemeLs  aie  ooOeoted  at  the  ooast  | 
stations  and  shipped  to  Europe.  The  chief 
receiving  ports  are  Uambuig^  JUverpool,  and 
Marseilles. 

In  Europe  the  kernels  are  serrrnf-d  to  free 
them  from  shells,  atones,  nailt<,  hammerheads, 
then  passed  over  magnetic  separators,  and 
finally  ground  between  rollers  to  a  paste.  The 
pulpy  mass  is  either  expressed  in  hydraulic  I 
premises  or  extracted  with  wjlvitite.  In  the 
tmt  process  the  meal  muiit  be  pressed  twice,  1 
on  aeeoant  of  the  large  proportion  of  fat  the 
kernels  contain. 

On  a  commercial  scale,  the  lirst  expression 
of  palm  kernel  meal  i»  carried  out  at  a  teDi])era- 
ture  of  45°-m^,  the  second  at  66°-(K>*'.   Thus  I 
43-46  p.c.  of  palm  kurnel  oil  is  recovered.  ' 

The  press  cake  contains  G-8  p.c.  of  oil ;  its 
Dcoportion  of  nitrogen  it  small  (about  2-5  p.c),  i 
nM»iioe  its  value  as  eattto  food  is  somawhat  low. 
For  tbu  same  re^i^^jn  the  extcaoted  meal  has  a  j 
low  manurial  value.  | 

Thb  colour  of  palm  kernel  oil  is  white  to  p;ile  I 
yellow.    In  the  fret^h  stat--  tlu  c  il  is  neutral  and 
has  a  pleasant  snien  and  an  agreeable  nutty 
taste.    Commercial  samples  contain,  however, 
notaUe  amounts  of  free  fatter  aoida. 

Por  physical  and  chemioal  oharaoteristios, 
SI.  tables  under  Oris,  Fixed,  and  Fats. 

The  chief  constituent  of  palm  kernel  oil  is 
laurio  add.  In  addition,  there  are  present 
smaller  (luantitiea  of  caprylic,  capri<^  OapCOlO, 
myri.stie,  palmitic,  and  oleic  acids. 

Talm  kernel  oU  is  largely  used  for  soap- 
making.  The  freshest  oil  is  •mpji<wed  in  toe 
mannfaoture  of  vegetable  butter  (nke  *ooooa 
nut  oil ')  and  of  *  cuoeolate  fat.'  In  this  latter 
mannfaoture  a  hard  fat  ('  palm  nut  sttsarine ') 
is  obtMned ;  the  liquid '  paun  nut  oleuM^'  being 
a  by-prodnotk  is  used  in  soap-maidng. 

J.  L. 

PALM  OIL.  Palm  oil  is  (jbtained  from  the 
fleshy  part  of  the  ripe  fruit  of  the  palm  tree 
Sl€B%s  ffumeensit  (Jacq.),  which  forms  vast 

forests  along  the  west  coast  of  Africa,  extend- 
ing between  Gambia  and  St.  Faul  de  Loanda. 
The  west  ooast  of  Africa  is  praotioally  the  only 
suppher  of  palm  oil.  T^^r/s  ^uukc/wm  form.'i  a 
very  large  number  of  «ub-species  fcjr  the  duticrip- 
tian  of  which  the  reader  may  be  referred  to 
"Le  Palmier  a  rUnile"  by  Jean  Adam 
(Challamel,  Paris). 

The  favourite  habitat  of  the  palm  tree  in  the. 
Open  ooontry  or  boshland ;  it  grows  frequently 
where  tlu»  natives  have  oleared  the  virgin 
forest.  The  trf^e  ia  characteristic  of  the  coast 
line  and  the  lower  reachen  of  the  rivers.  It  will 
.  grow  in  all  soils,  but  does  not  bear  well  at 
a  higher  elevation  fhui  3000  feet.  I'lilti 
tavoucaUe  conditions  the  tree  forin»  a  tiuuk 


when  five  years  old,  and  then  begins  to  bear 
fruit.  The  yield  afterwards  iucrcabcs  and  the 
tree  gives  its  full  harvest  in  its  Tith  year. 
Tliis  rate  of  yield  is  continued  throughout  the 
life  of  the  palm  tree,  which  lasts  6(M0  years. 

Owing  to  climatic  conditionii,  the  procea.s 
of  extraction  has  been  hithwto  practieed  ex- 
dvsively  by  the  natives,  and  is  an  exoeediii^y 
crude  v-jv:  When  the  fruits  ripen,  the  men 
cliuib  up  the  trees  and  cut  off  the  bunchei*  with 
'  matchets.'  Owing  to  the  height  from  which 
the  bunches  fall,  a  luge  quantity  of  the  fruit 
is  bruised,  which  nataruly  leads  to  rapid 
fi  [im  atation  ami  to  hydrolysis  of  tin  ud.  The 
women  and  children  pick  the  fruit  from  the 
bunohes  and  throw  it  into  a  hole  dug  in  the 
ground  and  lined  with  leaves.  The  flesh  of 
the  fruit  is  at  this  time  hard,  and  before  the  ker- 
nels can  be  separated,  the  flesh  must  be  softened. 
This  is  done  by  sprinkling  water  on  the  fruit, 
covering  it  over  with  more  leave.'i,  weighted  by 
stones  and  wood,  and  leaving  for  about  two  week.s. 
During  this  period,  fermentation  sets  in,  which 
eaasee  the  fleehv  part  of  the  frait  to  become 
soft,  so  that  the  kernel — palm  nut — can  bo 
removed  more  readily.  Tim  is  done  by  men, 
who  place  the  fermented  fruits  in  a  mortar, 
rougldy  nuule  by  lining  a  hole  made  in  the  ground 
with  large  Hat  stones.  The  fruit  ii>  thuu  beaten 
with  long  wooden  pestles,  or  the  pulp  is  pressed 
by  hand.  Xiie  beaten  pulp,  together  with  the 
nuts,  is  taken  out  by  women  and  children  and 
placed  over  another  hoK-,  the  sides  of  which 
have  been  cemented  by  plastering  with  a  mix- 
ture of  palm  oil  and  wood  ashiSS.  The  pulpy 
mass  ia  then  allowed  to  rest  for  a  week.  During 
thia  time,  the  oil  drains  into  the  cemented  hole, 
from  which  it  is  ladled  out  into  large  calabashsa 
of  a  size  to  make  up  one  load. 

The  oil  so  prepared  represents  a  enperior 
kind  of  product.  Women  and  children  then 
pick  out  the  uut«  from  the  pulp,  mix  the  pulp 
with  water  and  place  it  in  large  iron  cavldiTODS, 
where  the  whole  ma.^s  is  well  boiled  and  stirred 
until  the  oil  iihua  to  the  top.  The  oil  is  skiiuiued 
off,  and,  in  some  regions,  mixed  with  the  first 
extracted  oil  or  put  into  separate  vessels  for 
the  market.  Finally,  the  residue  is  placed  in  a 
bag  and  8qut-e7.e<i  over  a  hole  so  as  to  forco  out 
the  liquid,  from  which  more  oil  rises  to  the  top. 
This  oil  contains  a  lar^e  quantity  of  watsft  and 
is  again  boiled  out*  skimmed  on,  and  placed  in 
calabashes. 

The  oil  is  carried — mostly  by  women — to 
the  nearest  coast  or  river  station,  \shero  traders 
collect  it  in  lar^e  barrels,  ami  take  it  down  to 
the  coast  station.  There  tlio  oil  frequently 
I  undergoes  a  rough  purification  by  being  boiled 
I  up  with  water,  wheienpon  it  is  poured  through 
sieves  into  barrels  reaciy  for  shipment.  During 
the  last  year,  efforts  weie  made  to  introduce 
European  methods  of  niauufacture  in  the  coast 
stations  as  well  as  in  the  bush  in  the  Fn  tH  h, 
English,  German,  and  Congo  territories  at  tlie 
west  coast  of  Africa. 

Palm  oil  has  a  somewhat  sweetish  taste  | 
in  it8  perfectly  fiesh  state  it  is  used  as  a  culinary 
fat  in  tlic  villages  of  the  west  c^a.^t  Africa. 
Us  odour  IS  pleasant  and  resembles  that  of 
I  violets ;  this  odour  ia  not  destr^ed  by  bleach* 
ing  \sith  air  at  lIcVjiI.-  !  tfrnp- rnf 'm-  s,  !>m] 
persisU  even  after  the  uii  haa  iMtvii  made  intu 
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BOttp.  lo  cotuiequeiice  uf  tiio  very  crude  mode 
of  produciiig  palm  oil,  oAoaing  it  to  teauin  for 

a  cunaidcrablo  lime  in  (  ontact  with  fermcntAblo 
vegetable  tiiisuu,  liydml^biH  rapidly  mla  in,  no 
that  the  oil  on  iMching  tho  cooat  contains 
already  a  notable  amount  of  free  fatty  acids. 
Palm  oil  when  shipped  from  tho  coast  has  at 
least  10-12  p.c.  of  free  fatty  atid-i.  The  pru- 
ooM  of  lurdrolyBis,  once  begun,  coutiaues  in  the 
barrels  durii^  the  voyage,  and  in  oonaequence, 
comtni-rclal  p.ilm  oils,  on  arriving  at  their 
destinatiuu,  contain  froqueiilly  from  20-50  p.c,. 
Mid  «ven  more,  of  free  fiitty  acids.  In  such 
palm  oils,  fn-c  I'crol  is  fouiul.  In  nld  snmpK-s 
tho  hydrolyjjis  may  even  rua.cli  uuniplctjon,  so 
that  such  palm  oil  practically  consists  of  free 
fatty  acids  (Lenrkowitsoh).  The  ptogiess  oi 
hydroIyHis  can  be  observed  even  in  oils  kept  in 
glMS  bNDttles. 

The  value  of  a  palm  oil  in  the  market 
depends  on  the  care  with  which  it  has  been 
prepared,  as  alnn  on  the  particular  locality  from 
which  it  is  derived.  Tho  '  «Mjft '  oils  art*  ihuMi 
containing  a  small  quantity  of  free  fatty  acids, 
whenMs  the  ^bard'  oils  contain  a  Isige  pro- 
portion. The  best  *  soft '  oik  oome  from  Lagos 
and  Dahomey.  Nert  in  quality  arc  the  river- 
oils  C  medium  '  oils) ;  whilst  the  lowest  quality, 
the  luufUst  oil,  ia  represented  by  Congo  oiL 

The  colourinc^  matter  of  ])alm  oil  is  not 
aSectod  m  theprocv^td  uf  b^putulication  by  moans 
of  oanatio  alkalis  or  lime ;  in  the  acid  saponifica- 
tion process  it  is  destroyed.  It  is  also  slowly 
destroj'ed  by  exposure  to  air,  more  rapidly  on 
li'Mtrnu  "T  hy  bleaching  with  eheniieali.  The 
two  latter  processes  are  adopted  in  practice  for 
preparing  bleaehed  palm  oiL 

The  Lleachins?  process  most  in  vngnp,  and 
that  giving  iho  best  results,  in  tho  dichromate 
process.  The  oil  is  freed  from  its  gross  im- 
purities, and  treated  according  to  its  quality 
with  1-3  p.c.  of  potos^um  dichromatc  and  the 
rcqtusite  amount  of  hydroclilorie  aeiil.  The 
dark  *  chrome '  liquor  is  then  oarefully  sua  off, 
and  the  oil  is  waaned  with  water,  at  first  with 
thi-  as.sistance  of  a  little  nirncral  aci  !.  imfil  it 
is  quite  irce  from  chromium  compuiuidit  and 
mineral  acid. 

Not  all  palm  oils  can  be  tjleai  hed  success- 
fully. Ijagos  and  Old  Calubai  uila  yield  good 
results,  but  dirty-coloured  red  oils,  such  as 
Ckingo  oil,  have  hitherto  withstood  all  attempts 
to  bleach  them. 

The    c!ii>'f    ennwtitirerit^t    of    j)a]rii    oil  .iie 
palmitin  and  olcin.    Tho  propuition  of  stearin 
hardly  exceeds  I  p.0.   ¥or  the  chemical  and 
piiysical  charactcriHtics  of  palm  oil,  V«  taUes 
•under  Oils,  Fixed,  and  Fats. 

Palm  oil  is  chiefly  used  in  the  soap  and 
candle  industries.  In  the  latter  industry  it  is 
valued  cveierU  paribujt  by  its  '  titer.'  Being  a 
non-drying  oil,  it  is  also  emiiloyuil  in  tlie  tiii- 

Elate  industry,  to  preserve  the  surface  of  the 
eated  iron  sheet  from  oxidation  until  the 
moment  of  dipping  into  the  batli  <>f  melted  tin. 

For  the  purposes  of  tho  tin  indintry,  "  palm 
nil  greases '  are  sold,  consisting  of  palm  oil 
adulterated  with  cotton  seed  oil  and  mineral 
oil  cif  the  Hp  L^r.  0-906.  J.  L. 

PALM  RESIN    I  CEROXYLIN  r.  Ki  ins. 
PALM  SUGAR  or  DATE-TREE  SUGAR. 


less  rich  in  saccharine  substances  which  are 
easily  separated  from  such  liquids.  A  method  of 
obtaming  su^'ar  fium  iliis  extract  has  existed  in 
India  from  time  immeuioriid,  and  was  found  to 
prevail  among  tho  aborigin(«  of  Amecioa  on  the 
discovery  of  that  continent. 

The  palms  which  supply  .sir<.'ar  are  BoroMVt 
jUilxUtfir  (Linn.),  I'hamtx  sylnstriji  (lloxh. ). 
Caruola  wens  (Linn.),  Arenga  Mccharifera 
(LabiILK  Ac. 

Palm  sugar  is  hygroscopic,  and  appears  to 
bo  purgative  if  freely  used.  'J'(,j  divest  it  of  this 
property  it  requires  to  be  refined.  The  joiee 
is  sometimes  oDtaine<l  In  euiting  off  the  lower 
leaves  of  the  erown  about  the  end  of  October, 
and  stripping  the  trunk  of  such  as  grow  u])on  it 
to  the  place  where  incision  is  to  be  made.  A 
bamboo  oane  is  jdaced  at  the  orifice  eaeh  even> 
ing,  by  means  of  which  the  sap  is  conducted 
inUy  vessels  which  aie  removed  early  next 
morning'.  In  the  case  of  Jfhaenix  aylvestris,  the 
tiijjpirii;  i^'  done  liy  making  an  iucisiun  in  the 
wuud  ihl  iho  ba.se  <->£  tlie  lowe.st  green  leaves,  and 
subsequently  removiri,;  i:  t  .,1  until  the 
flow  ceases.  *  The  out  axis  ul  the  inHoresoence  of 
Caryola  uren*,  and  the  cut  fiower  axes  and  cut 
sheathing  spathe.s  of  BoroBSua  fiabeliiftr  yield 
the  sugary  juice.  The  process  of  extract- 
ing the  sugar  from  the  sap  must  be  proceeded 
with  without  delay,  as  fermentation  sets  in 
rapidly,  when  it  is  impujiiiible  to  procure  by 
boiling  tho  syrup  or  goor,  i.e.  the  mixture  of 
m(ila.<ise»  and  crystailisiad  sugar  from  which  the 
.sugHr  is  extracted.  The  amount  of  sugar  pro* 
ch)  ■  'i  i:   il'  'la  Hi  ] .  c.  of  tlie  svrup. 

PALM  TREE  WAX  v.  VVaxks. 

PALTOOimCnB  «.  AsBBSTos. 

PANCLASTITE  v.  Expi.o^tvks. 

PANDERMITE.  A  natural  calcium  borate 
employed  in  the  ntanufsetore  of  enamaLs  instead 

of  Im.IMX,  f.  f'ot.KMANrrE. 

PAPAIN  or  PAPAYOTIN.  A  vegetable  di- 
ge-^t  i\  (■  ferment  obtained  from  the  unripe  fruit  of 
(Jarica  Fajpt^a  { Linn.^,orpapaw  tree,  and  used  as 
an  alternate  to  pepsin,  from  which  it  differs  by 

being  active  in  neutral  and  alkaline  conditions 
(V.  E.  J.  Easier,  Pharm.  J.  1885,  45).  The  half- 
rtne  fruit  when  scratched  exudes  a  large  quantity 
of  a  mdky  juice,  which  w  lien  dry  forms  a  p^^iwflf  r 
.somewluvt  resembling  gum  arabic.  The  name 
'  papain  '  i-.  usually  restricted  to  the  pure  fer- 
ment associated  with  a  proteid  snbetaiice»  and 
is  obtained  by  precipitation  with  alcohol  and 
separation  of  idl)Uini)\ous  matter  by  ba.sie  lead 
acetate.  The  fruit  of  tlie  papaw  tree  has  long 
been  used  in  tho  West  Indies  to  render  bosf 
tender.  Tlie  untiiu-  fruit  is  split  open  and 
lubbed  over  iho  suiiaue  uf  the  meat  previous  to 
cooking.  Its  act  ion  probably  depends  upon  the 
fact  that  papain  has  a  digestive  action,  not  only 
up«>n  muscular  libre,  b»t  also  upon  connective 
ii--ur.  It  (liL.!  -ts  fibrin  and  albumin  in  neutral 
and  slightly  alkaline  solutions.  When  injected 
into  the  circulation  in  large  doses  it  paialysee 
the  limrt.  In  smaller  quantities  it  n]>pear8  to 
favour  the  multiplication  of  micrococci  in  the 
blood  (T.  Lander  Branton*  Pharmacology,  Ac, 
927). 

PAPAVERINE  V.  Vkoktu  alkaloids. 
PAPAVEROSINE  v.  Vegkt. i  alkaloids. 
PAPER.   The  art  of  modern  paper-making 


The  liquid  extract  of  oertaia  palms  is  men  or  i  consists  in  uniting  or  *  felting  *  together  any 
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fibrous  vegetable  matter,  so  as  to  form  a  con- 
tinuous sheet.  Owing  to  the  abolition  of  the 
paper  duties,  in  1S27,  iind  tlie  curitit^qucnt  rapid 
flruwth  of  cheap  literature,  the  old  dictiouary 
defisHloii  of  paper  aa  *  a  snfaetanoe  made  of  lineD 
ur  cotton  rags '  no  longer  holds  good.  As  & 
matter  of  fact,  these  substaaoes  ooustitute  but  a 
small  fraefekm  of  the  raw  matariala  of  the  paper* 

maker. 

Any  vegetable  substance  poii^-sidug  a  sufti- 
oiently  fibrous  structure  can  be  utilised.  Occa- 
monally  both  ammal  and  mineral  fibrous 
enbstances — such  aa  wool,  silk,  or  asbestos— 
are  employed,  either  alone  or  as  admixtures. 

In  order  to  give  some  idea  of  the  variety  of 
materiab  from  whioh  paper  oan  be  or  has  been 

Tii  inufactured,  We  iii  ^^■  f  it"  n  book  that  was 
published  at  Kegentsburg,  Uermany,  by  Jacob 
BohaeSer  in  1706»  the  paper  of  whioh  was  made 
from  about  sixty  different  aotirces.  amongst 
which  the  following  arc  curiuus  and  interest- 
jog:  aairdust,  hop- vines,  hornets*  ncats,  peat, 
straw,  «abbage*stimips,  mnK.^,  various  woods, 
thistle-stelhs.  Jn  the  majority  of  oases  the 
paper  is  of  very  inferior  <)uality,  the  pulp  being 
ooarae  and  unbleached.  A  similar  book  is  that 
containing  the  poems  of  the  Marquis  de  Villotte, 
publislied  in  1786.    Another,  of  historical  in- 


terest, is  one  the  paper  of  which  was  made 

-  r.  It  " 

land  in  1800. 


entirely  from  sfecaw.  It  was  puUh^ied  in  3Sng- 


y  Notwithstanding  the  variety  of  materials 
available,  ra^s  of  various  kinds  continued  to 
form  (he  ohiisf  raw  material  of  the  paper-maker 
until  the  year  1860,  when  Mr.  Thomaa  Ront- 
ledgo  irjlroduced  esparto  grass  {v.  Esp.vRTf)). 
This  material,  which  possesses  many  advan- 
tages, is  vety  extensiTeiy  used  in  this  oonntry. 
Of  lat«  years,  however,  o'ning  to  the  enormous 
increase  in  the  demand  for  paper,  it  has  been 
largely  supplemented  by  straw,  and  mora  eepe- 
oiaUy  by  wood. 

'fhe  chemical  characteristics  of  the  paper- 
makers'  raw  materials  have  alread\  been  dis- 
onssed  in  the  article  Cclluloaei  These  materials 
consist,  with  the  exception  of  cotton  an<I  linen 


fags. 


or  other,  or  a  mixture,  of  the 


various  eompoundcolloloses  ;  and  the  treatment 
they  undergo  consists  cessntially  in  isolating  the 
cellulose  by  cheminal  means.  This  treatment  is 
iccorapaoied  by  auparation,  more  or  less  com- 
plete, into  individual  cells,  which  vary  in  length 
from  abont  1*6  mm.  in -the  case  of  esparto  to  30 
mm.  in  the  ease  of  flax.  Tliis  ohemicMl  splitting 

up  into  colls  is  supplemented  by  a  meeu.inii  al 

operation  known  as  '  beating,'  whereby  the 
material  is  still  farther  reduced  (v.  infra). 

Thf»  various  processes  that  the  different 
forms  of  i-ellulose  undergo  before  being  made 
into  paper  may  be  divided  into  four  main 
branches — (1)  cleaning,  (2)  boiUng,  (.3)  bleach- 
ing, (4)  beating,  or  reducing  to  pulp.  In  addition 
to  these,  there  are  the  proeesses  of  sizing,  colour- 
ing, Aic,  whiioh  will  be  included  in  No.  4. 

1.  Ototntng:  This  is  a  purely  mechanical 
process,  and  consists  in  removing  from  the  inw 
mat'Crial  adventitious  matter,  such  oh  swind,  dirt, 
ttc.  Part  of  this  work  in  done  by  hand-labour, 
e.'*|H.>eittlly  in  the  ease  of  raga,  hut  the  morfrrn 
tendenry  is  to  luplaco  hand-labour  an  muth  ad 
possible  by  machinery.  In  the  case  of  rags  cut 
by  machinery,  the  pieces,  spread  on  to  a  table 
Vol.  IV.— 3*. 


I  nuule  of  coarse  wire  gauze,  are  examined  by  girls, 
I  and  such  articles  as  buttons  carefully  removed. 

At  the  same  time  the  rags  are  sorted  into  various 
I  kinds,  such  as  cotton,  linen,  jute,  canvas.  &c., 
leach  kind  being  separately  stored  in  iMxet. 
'  This  proces.s,  which  is  somewhat  eostly,  is  only 
I  practised  in  the  case  of  rags  intended  to  be  used 
{for  high-elass  paper.    The  usual  plan,  which 
may  also  supplement  the  hand-labour,  is  to  pass 
i  the  cut  rags  through  a  *  willow.*   This  consists 
of  two  wrought-iron  drums,  Jhtnushed  with 
!  teeth,  which,  when  the  drums  revolve,  pass 
I  rapidly  near  stationary  teeth  fixed  in  the  frame 
in  wliieh  the  drnms  Mork.     The  sides  and  top 
are  covered  in  with  iron  doors,  and  underneath 
is  a  grating  for  the  escape  of  dnst.  The  tags 
are  fed  into  tlie  drums  by  an  endles.s  travelling 
platform,  and  pass  Irom  thence  int'U  a  duster, 
consisting  of  a  land  of  holhiw  cylinder  made  of 
iron  bars  covered  with  wire  cloth.  The  cylinder 
revolves  altnust  liorijioutally.  a  sJight  dip  being 
given  to  it  in  order  that  the  rags  may  be  carried 
forward  to  the  lower  end.   Tl^  ^  wUiows  *  used 
for  esparto  and  varions  other  fibres  ate  similar 
in  principle.    The  cleaned  and  dusted  rags,  or 
other  material,  are  carried  forward  by  an  endless 
felt  to  the  boiloMi,  where  the  next  operation  is 
perform(>d. 

2.  Boiling.  The  boiling  proco&scti  vary  con- 
siderably with  the  kind  of  material.  We  will 
discuss  them  in  the  order  of  their  simplicity. 

(n)  Raq  boiling.  Rags,  being  for  the  most 
part  reftiHe  from  textiles  made  from  pure  or 
nearly  pure  cellulose,  require  a  oomnaratively 
light  treatment.  Tt  may  be  condnetea  either  in 
.spherical  or  cylindrical  boilers,  or  in  the  'TOmlt* 
ing  '  boilers,  described  under  Ksparto.,  In  tlw 
case  of  spliMieal  boilers  the  heating  is  caused  by 
'  live  '  steam  :  cylindrical  boilers  are  usually 
jacketed.  It  is  preferable  to  cause  the  boilers  to 
revolve.  They  ate  furnished  witii  inlet  mhI  oat- 
let  steam-pipes,  pipes  for  running  in  liaaor  and 
water,  man-holes  lor  filling  and  empt^ng,  and 
safety  valves,  pressure  gauges,  A-e.  The  alkali 
employed  may  be  either  caustic  soda,  caustic 
lime,  sodium  carbonate,  or  a  mixture  of  the  latter. 
The  proportion  of  alkali  th  pends  mainly  on  the 
state  of  the  rags  and  the  nature  of  the  sub- 
stances to  be  removed,  and  also  to  some  extent 
on  the  pressure  of  steam  employed  and  tlu- 
dunitiun  u(  the  opcraliuu.  As  a  general  rule  ap- 

Elicable  to  rags  ami  all  other  fibres,  it  may 
e  stated  that  the  higher  the  pressure  and  t^ 
longer  the  time  occupied,  the  less  alkali  (within, 
of  course,  certain  limits)  is  nccessarj'.  The 
amount  of  alkali  varies  fromll  ^.c.  of  70 ^C. 
caustte  soda  In  the  case  of  the  higher  qualities 
of  rags  to  5  p.c.  in  the  case  of  lower  fjualities. 

The  pressure  also  varies  considerably  say, 
from  5  to  00  lbs.  per  sqnara inch.  In  the  '< m\ni>n\ 
of  sMjrnc  the  lower  pressures  are  to  be  preferred, 
as  at  the  high  temperature  associated  with  higher 
.  presifure  there  is  a  tendency  to  fix  a  certain 
j  amount  of  dirt  and  colouring  matter  in  the  rags, 
I  thereby  defeating  to  some  extent  the  object  of 
til'    boiliiiL'.    After  lioiiing.  the  rags  may  Ik- 
washed  in  the  boiler  or  in  a  separate  washing 
j  engine  which  will  be  subsequently  de.wrihed. 

.\n  etTectivc  nu'lhod  (onsij.t-   in  e\j»,.-ini,' 
tlic    ra>rs,  c«mtinuousiy   wctlcd    wit  hi  cau.-tic 
soda  .solution,  to  an  atmosphere  of  steam  at 
I  10  lbs.  pressure.   The  dry  and  dvsted  rags  are 

o 
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packed  into  wagguu^s  tittod  with  p»erforatc*d 
Dottoma.  The  waggons  are  then  run  into  a  hori* 
zontal  cylindrical  vessel,  called  a  *  kier,'  which 
they  almost  completely  lill.  \\'hcti  in  position, 
a  ^pe  at  the  bottom  of  each  waggon  fits  tightly 
over  a  ^pe  paasinK  througk  the  bottom  ot  the 
kier  ana  oonneotea  by  means  of  a  oentrifugal 
pump  with  an  outside  pipe  communicating  with 
the  too  of  the  Ider.  Caustio  soda  solution  is  run 
in,  and  fa  made  to  drmdato  through  the  rags  by 
means  of  the  pump.  One  end  of  the  kier  is 
closed  and  the  other  is  fitted  with  a  V-&biiped 
door,  wUiOh  falls  into  a  slot  of  similar  shape, 
makinf?  a  resKlily-ad justed  steam-tight  joint. 
Tho  door  is  raised  and  lowered  by  hydraulic 
pressure.  The  a{)paratiis  fa  knowD  as  the 
*  Mather  Steamer  Kier.' 

(b)  E$varU>  boitimj.  Esparto,  being  a  com- 
])  iii]id  cellulose,  ii  juii'  ,i  more  drastic  treat- 
ment than  rags.  The  lirat  process  that  esparto 
undergoes  is  that  of  '  picking.'  This  operation, 
which  is  dune  by  hand,  consists  in  removing 
root-ends,  weeds,  &c.  It  has  latterly  been 
largely  dispensed  with,  and  a  m  :<  complete 
mechanical  treatment  subatitutod.  For  this 
purpose  the  grass  is  pa— ed  through  a  willoir 
and  duster  similar  in  prilioi^  tO  tlUkt  dewuibed 
under  the  head  of  Rags. 

After  passing  through  the  maohfna  the  grass 
is  in  some  casus  carried  along  a  travelling  belt, 
and  is  discharged  direct  into  the  boiler.  These 
are  almost  inTariaUy  itatkmary,  as  a  revolving 
h'liler  is  apt  to  cause  the  prass  to  form  into 
dense  mad^^,  which  resist  tho  aetion  of  the 
soda  used  in  boiling.  An  esparto  boiler  is  shown 
in  Fig.  1.   It  IB  inraished  with  a  perforated 


tiDurs.  The  amount  of  soda  varies  according  to 
I  the  nature  of  the  esparto,  Spanish  reqnjiinglem 
than  African  :  ut  1*5  lljs.  of  70  p.c.  caustic 
per  Gwt.  in  an  average  quantity.  The  steam 
pressure  also  varies  from  5  1^.  to  46  Ibe.  per 

aoare  inch.    Occasionally  an  open  boil  is  used, 
le  modem  tendency  ii  to  employ  the  higher 
pressures,  as  l>eing  more  economical  of  time  and 
soda.    Other  forma  of  vomiting  boilers  have 
lately  been  intvodwnd,  in  ▼hlon  the  Tomiting 
arrangements  are  fixed  either  outside  the  boiler 
altogether,  as  iu  Roeckuer's,  or  are  plactd  at  the 
sideSy  ae  in  Sinclair's,  thus  giving  more  speoe  for 
tho  grass.    The  alkali  used  is  invariably  soda. 
The   boiling  operation   being  completed,  the 
liquor  is  run  off  from  a  cock  at  the  bottom  of 
the  boiler,  and  the  grass  parUally  trashed  with 
water  in  the  bo3er.   This  also  has  the  effect  of 
cooling  the  grass  and  enaltling  the  ut>rktiM  n  to 
remove  it  to  the  washing  engine  or  '  breaker.' 
i      In  some  milb  the  Rsss  is  placed  in  a  series 
'  of  tanks  sinular  to  tTiosc  used  for  dissolving? 
'  black  ash,  where  thv.  washing  can  be  ellected 
with  a  very  small  quantity  of  water— a  verjim< 
;  portant  matter  from  the  point  of  vkv  of  nsepyery 
'  of  the  soda. 

The  washing  ermine,  which  may  be  used  for 
any  other  fibres  besides  esparto,  is  shown  in  Fm. 
2.   It  oondsCs  of  a  reotangular  Yessd  una 


rounded  ends,  in  the  centre  of '  h 


h  IS 


the  mid- 


Fra.  1. 

lake  bottom  b,  on  which  the  jntMS  rests.  8teain 

enters  by  tht;  pipe  a.  ^\  hich  l  eaf  lies  below  the 
false  Itottom  uud  caused  the  liquor  to  ritie  up  the 
outer  pipe  c,  strike  against  the  '  bonnet*  D,  and 
ilistribute  itf>elf  over  the  grass  iu  a  fine  spray. 
The  door  e  is  for  filling  in  the  grass,  and  ilio 
d<Mjr  II  I  r  (  mptying.  The  boilcT  is  fitted  with 
a  safety  valve  £.  Each  boiler  holds  about  00 
OWt.  of  grass,  and  the  operation  lasts  about  five 


feather  B.  The  action  of  the  r<<li  a,  which  is 
fitted  with  olmlera  of  steel  knives  o,  disinte- 
grates the  grass  and  causes  it  to  circulate  round 
tho  engine.  The  floor  is  sloped  as  shown  by  the 
dotted  lines  D  and  D',  the  effect  being  to  cause 
the  grass  to  pass  under  the  roU  a,  tlie  JouTes  of 
wbaan  pass  close  to  similar  stationaiy  knives 
fixed  to  llie  *  bed-plate  '  I.  The  distance  between 
the  roll  and  the '  bed>plate '  can  bo  varied  at  will 
by  means  of  the  vrtieel  s. 

A  continuous  stream  of  -water  is  run  into  the 
engine,  and  the  dirty  water  is  lifted  by  means  of 
the  *  drum  washer '  c,  the  peri^eiy  of  which  is 
covered  with  fine  wire  gauze.  The  centre  of  the 
drum  is  formed  of  a  conical  tube,  the  narrow 
end  of  which  is  towards  the  *  mid  feather.'  The 
dirty  water  passing  through  the  wire  gauze  is 
lifte<I  by  the  bncket-lihe  compartments  o,  and  fa 
discharged  Ihrou^h  the  centre  of  the  drum, 
whence  it  is  led  away  by  the  troiuh  !■»  and  passes 
down  the  '  mid^feather,*  whioh  fa  made  hoUotr 

for  the  purpose. 

The  graa^  having  been  thoroughly  wa&heti 
and  reduced  to  the  stati*,  of  pulp  by  means  of  the 
steel  knives  in  the  roll,  is  ready  for  bleaching. 
This  operation  will  be  deeeribed  subsequently. 

(c)  Straw  botJituT.  Straw  <  loaely  resemljks 
esparto  in  its  chemical  characteristics,  but  being 
mare  highly  Umified  a  somewhat  severer  trea^ 
raent  is  required.  This  is  obtained  either  by 
boiling  at  a  very  high  pressure,  tiO-80  lbs.,  or 

,  by  using  a  larger  proportion  of  caustic  soda 
f  18-20  lbs.  per  cwt.).    In  treating  straw  for  u«' 

,  in  high-class  papers,  it  is  customary  to  blow  it 
through  a  large  receptacle,  thf  i\<><:y  (if  wliich  is 
covered  by  a  sieve  kept  in  vibratory  motion. 

]  The  receptacle  is  arranged  that  heavy  particles, 
such  sand  rr  sfnu.  .  f  dl  through  tla-  grid  in 
tho  tirst  Mt,H:tion.  while  ihe  hea.vier  particles  of 
straw,  such  as  l\u>  kn"ts.  are  carried  forward  to 
the  second  8e<  ti<>n.    'J"he  very  light  pieoes  SK 

I  carriotl  through  to  the  third  section. 
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The  advantages  of  thi-  sv-  tom  of  ^matment 
are,  that  the  subsequent  opcratioofl  can  be 
ooadnotod  witii  greater  nniformity.  The  boiling 
operation  nsually  takes  plaoe  in  large  revolving 
boilers.  Owing  to  the  rotary  action  of  the 
boiler,  the  straw  is  in  the  stato  of  fine  pulp  and 
readily  flows  through  a  3-inoh  pipe.  It  is  run 
into  tanks,  the  bottoms  of  which  are  formed  of 
porfordte<l  tiles.  Th«;  liquor  is  run  ofT  and  fresh 
water  added  until  all  soluble  matters  have  been 
remored.  It  is  then  ready  for  Ueaolttn^ 

In  making  straw  pulp  of  fine  quahty  it  in 
sometimes  found  advantageous  to  pass  the 
washed  pulp  between  horizontal revolTiiigstonea* 
whereby  the  knots  and  any  unboiled  portions 
art'  finely  ground  and  rendered  more  easily 
Ueached. 

(d)  Wood  V.  Cellulose. 

(e)  Other  fihrfg.  There  are  a  number  of 
flhroua  materials  which  are  availahio  for  the 
paper- maker,  such  as  jute,  maoilla,  adaosonls* 
fte.,  th«  tivatment  of  which  caIUi  for  no  ipfleiM 


notice.  The  nature  of  the  treatment  which 
they  undergo  varies  with  the  kind  of  paper  for 
which  they  m  intended.  Tlie  greater  number 
of  such  fibrous  materials  are  used  for  papers 
where  strength  is  of  far  greater  importance  than 
oolow  or  appearance,  sneh,  for  eaoMnpIe,  an 
brown  papers  and  packing  papers.  In  such 
cuacs  the  paper-makers  aim  at  a  minimum 
resolution  of  the  fibre,  so  as  to  preserve  the 
strength  nnd  inorenee  the  yield.  In  the  oaae 
of  jute  the  faidfvidnal  fibres  avs  Tery  short  aaid 
weak,  and  a  strong  and  perfectly  vrhite  paper 
made  from  jute  is  an  iuiposaibility.  If,  however, 
the  filaments  are  not  completely  reoolTed,  n 
strong  fibre  can  he  obtained. 

The  cheapest  method  uf  preparing  such  fibres 
is  to  boil  them  under  pressure  with  milk  of  b'me. 
This  treatment  is  not  nearly  so  effective  as  that 
with  caustic  soda,  and  the  fibre  produced  is 
coarse  and  hard.  The  yield  H  however, 
high. 

There  i»  another  Teiy  important  material 


Fio.  8. 


which  may  be  mentioned  here,  viz.,  mochanical 
wood-pulp.  A  large  quantity  of  this  is  us^d  in 
the  cheaper  kinds  of  paper.  It  is  prepared  by 
disintegrating  wood  by  nieehaiiieal  meiin.H  alone. 
JBloofcs  of  wood,  from  wiiich  the  knots  have  been 
reroored,  are  pressed  against  revolving  stones ;  at 
the  same  time  a  stream  of  water  flows  on  to  the 
stones.  The  wood  is  so  placed  that  tl»c  fibres 
are  torn  off  in  the  direction  of  their  length  in 
order  to  secure  as  great  length  as  possible.  The 
stream  of  water  carries  the  pulp  forward  as  fast 
as  it  is  made.  The  larger  undisintegrated  por- 
tiona  are  removed  by  screens  of  coarse  wfre 
elnth.  Tn  order  to  sttll  farther  refine  the  {)ul[) 
it  is  I  lu'^erl  to  pass  between  two  hnrizorit  il 
cylinders  of  sandstone,  the  upper  one  of  which 
revolves  rapidly. 

Where  power  is  cheap  such  ptdp  can  be 
economically  prepared  ;  it  i.n,  however,  at  lle^t 
bat  apoor  subatltute  for  esparto  and  other  pulp^i. 
Paper  made  with  it  has  but  little  strength,  and 
itt  very  susceptible  to  atmospheric  action.  The 
wooda  ohieQy  nsed  are  white  pine  and  aspen ; 


I  the  latter  yidda  a  pnlp  of  good  colour  bnt  little 
strength. 

3.  Bleaching.   The  prooesges  of  bleaching 

paper-pulj)  are  [iraetically  identical  for  all  cla.SHe.H 
'  of  material.  The  i^ent  employed  is  a  solution 
of  calcium  hypoohforite,  made  by  dissolving 
bleachinp-pi  iwder  in  water.  The  operation  may 
be  conducttid  in  the  breaking  engine  previouisly 
I  described,  or  in  a  separate  engine  callefl  a 
*  potcher,'  which  is  similar  in  construction,  but 
the  roll  is  furnished  only  with  blunt  blades, 
which  serve  as  pmldlrs  to  cause  the  pulp  to 
circulate.  Sometimes  largo  potchers  made  of 
brick  and  cement  are  used. 

A  system  that  is  bein^'  very  largely  used,  is 
I  that  known  as  the  '  f'ontiuuous  iUeaclting  Pro- 
cess,'whore  the  blear  l.lTij?  is  carried  on  in  a.seriea 
of  tower.H  (v.  Fig.  3).    The  pulp,  after  w 
;wul  breaking,  iw  punijx  d  into  the  first  tower,  and 
after  partial  removal  of  the  water  by  mean.s  of 
a  concentrator,  is  bleached  while  being  kept  in 
'  olroalation  by  means  of  a  centrifugal  pu  tnp  placed 
I  at  the  base  of  the  tower.  If  only  one  tower  ia  in 
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UHo,  the  stuff  can  be  pumped  up  continuously   peiisated  for  by  tbe  extn  yieid  of  pvJp  and  ito 

to  the  top  of  the  tower,  where  it  i**  distributed  ,  greater  strength, 

by  means  of  a  cone  towards  the  aides.  Where  The  amount  of  bleaching-powder  necessary 
there ia »  OBoes  or  '  batteiy'  the  pulp  u  pumped  i  to  bleaoh  vaU<boiled  polpa  ▼aries  from  about 
up  into  the  next  tower,  and  so  on  through  the  ^  7  p.c.  in  the  owe  of  straw  to  about  16  pi.c.  in  the 

series.  It  is  usual  to  have  a  second  conccn-  <  a^o  of  wood.  The^c  amounts  am  calculated  on 
trator  fitted  to  the  last  tower  for  the  purpoiie   the  unboiled  materials. 

of  removing  the  spent  Ueaoht  and  the  soliibl«  I      Chlorine  gas  as  a  bleaching  agent  ires  for- 

non-cellulose  ronstiturnts.  mcrly  u«e<l  for  rags,  but  is  now  almost  entirely 

The  advantageii  claimed  for  tiiid  aystem  arc  iiupi^rseded.  As  a  matter  of  fact,  chlorine  will 
(1  )  comparatively  little  power  ia  required  for  not  bleach  the  majority  of  pulps;  it  enters  into 
oircnlating  the  stuff,  (2)  an  approximate  saving  combination  with  the  fibre  subHtances,  producing 
of  bleach,  equal  to  25  p.c.  owing  to  the  concen-  ,  yellow-colourwl  combination  products.  Advan- 
f  ration  of  the  pulp  under  whic'h  the  bleaching  tiigt-  has  Ucn  taken  of  this  fact  bj- 1".  (".  (^la«er 
procou  18  carried  out,  (3)  the  bleaching  is  carried  !  in  his  ^occss  for  treating  straw.  The  straw  is 
out  at  the  ordinary  temperature,  thus  obviating  |  first  boiled  with  a  reduced  quantity  of  soda ;  it 
any  po?!sibility  of  tendering  the  pulp.  \n  then  drained  and  exposed  to  the  action  of 

'i  he  action  of  the  calcium  hvpochlurite  may  ;  chlorine  gas.  A  subsequent  treatment  with 
be  hastened  by  heat,  the  <  potchers '  being  pro-  [  bleaching  liquor  produces  a  very  pure  white 
vided  with  steam  pipes  for  this  purpose,  or  by  pulp. 

the  addition  of  sulphuric  or  hydrochloric  acids.  The  bleaching  of  pulp  by  means  of  the 
The  best  results  are  obtained  by  the  action  of  product.**  of  the  electrolysis  of  chlorides  has 
hleaciuog  solution  alone,  in  which  case  a  longer  '  attracted  much  attention.  Of  the  various  pro- 
tima  must  be  given.  This  is  more  than  com- '  cesses  introduced,  one  of  the  best  knourn  Is  that 
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of  M.  Herttiifr.  \\hich  is  in  bijt.ee.-sfiil  njieration  in 
many  nulls  <  .n  the  Continent,  it  depends  upon 
the  Wt  th  tt  when  a  solution  of  magnesium 
chloride  is  eh'ctrolysed,  magncsiuni  li\  |Hu.}iloiit( 
is  formed,  which  poa-iefwcs  considerably  ureater 
bleaching  efficiency  than  calcium  hypochlorite 
of  equal  chlorine  strength. 

After  bleaching,  and  before  the  next  operation 
of  bcaliiic.  tile  i>  >  -  di  f  imr-,  |)uiilied  by 

passing  it  over  a  '  prcssc-piUo,'  which  consists  of 
a  strainer  and  tliat  part  of  a  paper  machine  on 
which  the  u*  l>  of  ]>aper  is  fnrmfd.  TIic  pulp 
is  thus  made  into  a  thick  cont  inuous  sheet ; 
at  the  same  time  all  soluble  impurities*  such 
as  calcium  chloride,  &u.,  are  removed. 

The  *  presse-pftte '  system  has  latterly  been 
largely  superseded  by  the  une  of  '  eonoentratoni  * 
such  as  the  *  Couper '  concentrator. 

This  consists  of  a  revolving  drum  fitted  with 
a  central  cone  arranged  no  as  to  e!'  liv  -  r  water  at 
both  ends.  The  drum  is  of  peilotaied  brass 
and  covered  with  wire-cloth.  The  pulp  is 
pumped  throiiph  a  butterfly  throttle  valve  into 
iv  splaying  month,  whereby  it  is  caused  to  flow 
alont^  the  whole  width  of  the  drum  cover.  Tin* 
cover  or  hood  is  so  arranged  by  meau*i  of  packing, 
that  the  water  in  the  beaten  stuflF  ean  be  forettl 
thriin.:li  l!n  wire-elolli  i  f  th.  r<  \  mI\ In-jr  drum, 
at  a  prci»suic  of  2-3  n>*<.  to  the  t^juare  inch. 


leaving  a  mat  of  fibre  upon  it.  The  fibr«  i-^  then 
picked  off  the  wii'c  by  means  of  a  jacketed  couch 
roll,  and  again  removed  by  means  of  a  wooden 
(lortor.  a nrl  deposited  into  boyps. 

This  action  secures  a  inghur  concentration  of 
pulp  tlian  the  '  pre.sse-pate,'  as  in  the  latter  case 
the  water  is  seiMuated  from  the  fibre  by  gravity 
only. 

4.  Beating.  The  blea(  lied  pulp,  before  beine 
made  into  paper,  requires  to  be  beaten  up  into 
fragments  of  from  1-2  mm.  in  length,  fn  the 
case  of  esparto,  strnw.  and  uci-d.  (bis  length 
represent*?  that  of  the  mdividuai  tibrcs ;  the 
beatin;;  operation,  therefore,  is  confined  to  com- 
pleting the  disintegration  produced  by  the  boil- 
ing and  bleaching  prooessen.  But  in  the  case  of 
cotti  n  and  tiax.  the  individual  fibres  of  which 
are  about  .HO  mm.  in  i^igth,  a  much  more  ex- 
tended mechanical  treatment  is  necessary.  The 
operation  i.<i  conductefl  in  an  cndne  called  the 
'  beating  engine^'  similar  iu  ciiMhtruction  t-o  the 
breaking  or  washing  engine  already  described 
(Fig.  2),  the  r>nly  important  difference  IxinL:  that 
thi'  roll  of  the  former  is  furni-^hed  with  a  laijj^er 
ninrd»et  of  knives. 

The  distance  between  the  roil  and  the  bed- 
plate is  arranged  so  as  to  *tear*  the  fibres. 
inHtenl  'cutting'  them,  ?o  a^?  to  give  them 
the  maximum  amoimt  of  felting  power,  io 
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some  oaaes  the  ktUTea  ore  made  of  bronze  in 
order  to  avoid  contamination  of  the  paper  with 
iron-ruat.  Various  other  forms  of  heating 
engiiifis  have  lately  been  introduced  which  differ 
sdmewtut  in  the  amngoment  of  the  vaiiiotu 
p»rt^,  but  wluch  do  not  call  for  spocial  n<>tico. 

It  is  in  this  stage  of  the  treatmcut  of  the 
pulp  that  the  various  loading,  sizing,  and  oolonr- 
ing  materials  are  added.  Before  doing  this, 
however*  it  is  necessary,  unless  the  operation 
ham^  bMn  pnrioiulj  pcKvormed  in  the  washing 
engine^  to  remove  the  exf?ess  of  bleaching  sohi- 
tion.  This  may  be  done  by  simple  washing, 
many  beating;  engines  being  provided  with 
washing  drums  for  the  purpoae ;  or  the  bleach 
majr  be  neutraliaed  by  the  ad<Ktkm  «i  an  anti* 
chlor,  sii' h  1."  Bodium  sulphite. 

6.  Loading.  Most  papers,  except  perhaps  the 
very  finest  *  «Ti  tings,'  contain  some  added  mineral 
matter,  snch  as  'pearl-hardening'  (CBkiuni  sul- 
phate, ground  or  precipitated)  for  the  better 
qualities,  and  china  clay  for  tto cheaper  papers. 
This  addition  cannot,  unbaas  earned  to  excess, 
be  ooaridered  an  adulteration,  as  it  fills  up  the 
POtM  of  the  ])aper,  and  enables  it  tO  two  a 
better  snriaco  under  the  calender. 

Siting,  AB  writing  papers,  luid  most  print- 
ing papers,  require  to  have  some  material  added 
to  them  that  will  enable  them  to  reaost  ink. 
Tbis  ean  be  <lone  in  two  ways — viz.,  by  engine- 
sizing  and  tub-.si/.ing  :  the  former  is  done  in  the 
engine  itself,  the  other  in  the  liiiiahed  paper. 
Engine-sizing  consixt-s  iit  t  he  addition  of  resinate 
of  i^aminiam,  whiohis^ieoipitated  in  thepulii  by 
the  nratnal  deoomporition  oit  vecdnateof  somam, 
prepari'd  by  disKoIvinp  rosin  (coloplKjny)  in 
sodium  carbonate,  with  a  solution  of  alum  or 
alnminium  stdphata  In  additko  to  the  resin- 
ate of  alumina  mojst  papers  contain  starch,  which 
may  be  dissolved  in  water  and  mixed  with  the 
resinate  of  soda,  or  may  be  added  undissolved : 
the  former  is  the  plan  usually  adopted.  Almost 
all  papers,  even  blotting  papers,  < otitain  stareli, 
whichassistein  ))inding  the  fibrestogether.but  has 
little  or  no  sizing  property,  and  therefore  does 
not  prevent  the  paper  being  absorbent.  The 
amount  of  ahirn  adtied  to  pulp  is  largely  in 
excess  of  that  necebsary  to  fully  precipitate  the 
reeitt ;  the  excess  appears  to  be  necessary  in 
order  to  get  a  hard  paper.  It  pnibably  has 
some  action  on  the  cellulose  itself.  The  exc^s* 
moreover,  tends  to  brighten  the  iwhrar  of  the 


fHA-*ianff.  This  consists  in  paieing  the 

^nishcd  paper,  either  in  the  form  of  sheeti!i  <>r  in 
the  web,  throt^  a  solution  of 'gelatin  to  which 
alum  has  been  added.  Oeeaoonally  soap  is 
added  to  the  gelatin.  When  alum  is  added  to  a 
solution  of  soap  and  gelatin,  the  soiip  is  decom- 
posed and  an  infinitely  fine  precipitate  is  pro- 
dnoed,  which  forms  witli  the  gelatin  a  kind  of 
emulsion.  The  addition  of  the  soap  enables  the 
paper  to  take  a  high  surface  with  a  nunimum 
of  pressme  nnder  the  calender. 

-  6.  Odoarbig.  Most  bleached  pnTps  have  a 
slight  yellow  tinge  which  ruqi  ir  s  to  be  com- 
plemented by  the  addition  oi  blue  and  pink  in 
order  to  produce  a  perfectly  white  paper.  The 
blues  usually  emjjloyed  for  this  purpose  are 
ultramarine  and  uiualts,  and  ui;c<u-«ioually  aniline 
blues  ;  I  he  pinks  are  cither  preparations  of 
cochioeal  or  aniline.   For  the  production  of 


coloured  papers  a  variety  of  diileront  colouring 
mailers  arc  employed  iu  addition  Lo  those  men- 
tionc<l,  such  as  Prussiaii  Hw,  chrome  ycUow, 
Vcoetian  red*  &c. 

The  addition  of  the  loading,  suing,  and 
colouring  materials  proceeds  at  the  .'iamc  time 
that  the  pulp  is  being  '  beaten.'  When  tins  is 
oompletea  the  pulp  is  ready  to  be  made  into 
paper. 

7.  Making  into  paper  {Hand-made  paper). 
This  is  made  on  a  mould  of  wire-ilotn,  fur^ 
nished  with  a  moveable  frame  of  wood  called  a 
'deckle,'  extending  some  distance  above  the 
surface.  The  workman  dijps  the  mould  with  its 
'  deckle '  into  a  vat  oontauuQg  the  beaten  fukp 
\  largely  diluted  with  water,  and  removes  more  or 
less  pulp,  according  to  the  thicknesa  of  paper 
required.  He,  then,  by  dexterous  lateral  move- 
ments causes  the  fibres  to  unite  and  ftwm  a 
continuous  sheet ;  it  th»-  -^ame  time  the  excess 
of  water  drains  away,  i  iio  '  deckle '  is  then 
removed,  and  the  wet  sheet  of  paper  transferred 
to  a  piece  of  felt.  This  operation  is  continued 
until  a  number  of  sheets  of  paper  and  pieces  of 
felt  have  aecumulated,  forming  what  is  called  a 
"post."  They  are  placed  in  a  utom  to  remove 
a  further  quantity  of  water.  The  slieets  are 
then  passed  through  a  solution  of  gelatin,  and 
hung  up  on  iinea  or  poles  to  dry.  When  dry 
the  sheets  are  calendered. 

Conipuratively  little  p;iper  if5  now  made  by 
hand  ou  account  of  the  great  I'xpcuse  uf  labour  ; 
it  is,  however,  preferred  for  bank-notes,  drawing- 

Sap«r,  Ac,  on  account  of  its  uniform  strengtL 
)  wi  ng  to  toe  fwat  that  a  shaking  motion  in  every 
direction  can  be  given  to  the  mould,  tlio  fdjrea 
are  irregularly  distributed,  and  the  maximum  of 
felting  power  is  obtained,  whereas  in  machine- 
made  paper,  as  will  ])e  seen  tiubiieqtiently,  the 
fibres  tend  to  place  themselves  in  the  direction 
in  which  the  stream  of  palp  flows.  Snch  paper, 
therefore,  is  strongest  across  the  web. 

Machine-made  paper.  The  modem  Fourdrinier 
paper  machine,  so-called  from  the  original  in- 
ventor, consists  essentially  of  an  eodleas  mould 
of  wire-doth  on  to  wliich  a  oootiniioas  stream 
of  pulp  flows  and  ou  which  a  continuous  sheet 
of  paper  formed.  On  leaving  the  wire-cloth 
the  wet  sheet  of  paper  passed  through  a  series  of 
rollers  and  over  heated  cylinders  and  calenders 
whereby  it  i.H  dried  and  tiiiishcd.  The  machine 
is  shown  in  side  elevation  Figs.  4  and  6. 

The  pulp  on  leaving  the  beaten  flows  into  a 
large  store  vessel  caHed  a  staff^diest  where  it  is 
diluted  to  the  pn>{Hr  consistency  with  water. 
It  is  furnished  with  agitators  to  keep  the  pulp 
uniformly  distributed.  SVom  here  it  Is  pnmped 
and  delivered  under  a  constant  head,  to  the  sand 
tables.  These  consist  of  a  lung  serie.'^  of  shallow 
troughs,  the  bottoms  of  which  are  covered  with 
pieces  of  felt  or  thin  strips  of  wood  placetl 
across  the  direction  of  the  stream  of  pulp  and  at  a 
slight  angle,  the  object  <jf  which  i.H  to  retain  any 
partioles  of  sand  or  dirt.  The  pulp  psMfia  from 
the  sand  tabiM  to  the  sbainen,  which  sre  nsoaUy 
of  the  revolving  t^  pe,  and  like  the  old  flat  tyya 
of  jog  strainer  or  knotter  consist  of  strong 
bronze  plates  having  a  large  number  of  fine 
V-sfiiiped  slits  cut  in  them.  The  .'^lits  are  from 
2-3  inehcii  iou^,  and  vary  iu  Mititli  tr<nn  0-IIU7 
to  0*05  of  an  meh.  'XltfMe  slits  allow  only  the 
fine  fibres  to  pass,  retaining  all  uuboiied  or 
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onbleachod  portiom  of  libro  or  oUici  impurities,  luauiauu,  is  dried  by 
The  passage  of  the  stream  of  pulp  through  the  large  cyliadot. 
aiits  is  assisted  by  gmng  a  vigoroua  shake  to  ,  la  Miother  furtu  of 
the  strainer  plates  or  by  meana  of  a  pump  j  formed  on  the  peri- 
(llaced  below.  One  <d  tLc.^c  .^ti.iimrs  ia  showu  \  phery  of  a  cylinder 
at  e ;  the  8iiiiku  in  produced  by  the  oam  a  acting  i  coveted  with  wixe 
on  the  hammer  b.  |  doth,  which  leTolTee 

The  strained  and  puriiied  pulp  piis^ed  fruni  in  a  vessel  oontainuiif 
tho  btrmner  ua  to  an  endleua  traveiiiug  wire-  the  pulp, 
cloth  which  is  carried  by  a  large  number  of  Calendtllnf>  It  is 
small  rolls/"  and  by  the  Iiiigo  rulld  v  f  and  O.  aometiuies  necessary  to 
The  amount  of  pulp  flowing,  &ixd  cuiii>cquently  give  a  gituttJi  "  am- 
the  thickness  of  the  finiuiiecl  paper,  is  regulated  face  '  to  a  paper  than 
by  the  sluioe  e.  The  Uuoimess  also  de-  j  is  ao^nked  by  the 
penda  upon  the  rate  at  whioh  the-wiveHsloth 
travels ;  it  may  wy  horn  60  to  600  feet  per 
minute. 

Travelling  with  the  wire»oloth  are  two  end* 

loss  thick  indiu-rubbi-r  bands  t  called  '  decide 
straps.'  These  can  be  regulated  at  any  distance 
from  each  uthei  and  serve  to  determine  the 
width  of  the  sheet  of  paper.  The  rolls  /"  and 
the  wire*c!oth  are  carried  by  standards  g"  which 
are  joirittd  at  their  lower  eiidd.    At  the  top 

they  are  connected  with  a  rod  having  a  rapid  1  Another  method 'called 
to-aod  fro  motion  which  is  oommunteated  to  '* plate •glaz^,*  oon- 

sists    in    pabsing  a 


passing  over  one  very 
maohine  the  paper  is 


calender  at  tlM  end 

of  the  machine.  This 
may  be  done  ia  several 
ways.    One  method, 

caJJod  '  Web-glazing,' 
to  paiis  lliti  web 
of  paper  between  alter- 
nate rolls  of  polished 
iron  and  highly  com« 
pressed  cotton  or  paper. 


the  wirc-clulh.  This  shaking  motion  sfrves  to 
tkumo  extent  to  neutralise  the  tendency  of  the 
libroB  to  set  themselves  in  the  direotion  of  the 
flow  of  the  pulp. 

The  small  rolls  /"  cause  the  excess  of  water 

to  pass  more  freely  through  the  wire-d0th»   Aa   ,  ^ 

the  sheet  of  paper  passes  ah>ng,  it  goes  over  the  !  pressnre  is  applied 


bundle  of  sheets  of 
paper  alternated  with 

polished  zinc  or  copper 
plates,  betweeu  n,  p4i.ir 
of  tuUs  to  which  great 


vaoaum  boxes  i  whioh  are  connected  witix  air 
|turapd,  by  u  hiuh  a  further  quantity  of  Water  is 
removed  from  the  sheet  of  paper. 

Uodemeath  the  wireMdoth  is  a  box  K  called 

a  '  save-all.'  The  water  passing  into  it  holds 
iu  duapuujiiuii  a  certain  amount  of  fibre.  This 
fibre  can  be  recovered  by  passing  tlie  water 
tiurough  a  filter  or  the  water  may  be  u^cd  to 
dilute  a  fresh  quantity  of  pulp.  Any  pattern, 
or  '  water- niarii  '  a.s  it  ia  called,  may  be  pro- 
duced on  the  paper  by  causing  ft  light  skeleton 
rdO^  called  a  <^dandv  roll '  covered  with  ndaed 
Avire  in  the  form  of  the  pattern  recjuirt  il.  tu  press 
ligiiily  ou  the  wet  paper.    It  is  geueraiiy  placed 

between  the  vacuum  boxes  x.*  After  passing  the  j  ductio'n  of  the  Rivers 
last  box  I  the  still  wet  paper  passes  between  '  Pulliition  Act  of  1876, 
the  *  couch-rolls  '  go'.  These  are  covered  with 
felt  and  serve  by  their  pressure  to  still  furtlier 
dry  the  pajper.  The  paper  iiere  leaves  the  ^t-ire- 
cloth  and  u  transferrod  to  an  endless  felt  which 
travels  in  the  direction  of  the  arr-.ws  over  die 
roll  k.  On  its  journey,  it  passes  botwetju  the 
^first-press  rolls'  k,  and  then  tlirough  the 
'  .iocoud-prehs  n-llft  '  L.  The  paper,  being  aiili 
wciik,  ij>  iiupportod  by  a  felt  travelling  ou  the 
rolls  /.  After  leaving  the  ' second -press  rolls' 
l^the  pa^  isoarriod  to  the  drying  e yiln  lerf!  m, 
heatea  with  steam,  of  which  there  ina^  bo  ua 

many  as  tweh  f-  or  more.   

They  are  generally  divided  into  two  sets,  i  This  has  in  most 
between  the  sets  being  a  pair  of  hi-lii.v  polished  cases  been  found 
heat«d  rollers  x  called  'smoothers,'  After  to  In  bighlv  re- 
leaving  the  last  drying  cylinder  the  paper  pnanco  i  m  u  u  e  r,a  t  i  v  e. 
through  the  calender  o  and  is  then  wound  off  '  Various 'forms  of 


Still  another  method, 
which  is  known  as 
'  friotiou'glaui^'  is  to 
pass  the  web  m  paper 

between  two  rolls,  one 
of  which  travels  at  a 
much  higher  rate  thaui 
the  other.  After  ealcn« 
doring,  the  pupei  uidy 
requires  cutting  and 
sorting  before  being 
plaoed  on  the  market.] 
Soda  recovery.  For- 
merly, before  the  intco- 


ali  liquors  in  which 
esparto  and  other  fibres 

I  had  been  boiled  were 
thrown  away  ^  it  ib 
now  the  practice  to 
recover  the  soda  oon< 
tained  in  them  by 
evaporating  to  dryness 
<iud  incinerating 

'  the  residue,  thus 
obtaiuini!  the 
sodit  iu  the  fui'iii 
of  carbonate. 


• 

3 


at  P. 

Single  cylinder  machiue.  lu  tlio  aiiigle- 
oylinder  or  '  Yankee  '  machine,  the  paper  after 
ha^nng  been  formed  on  a  wire  cloth  iu  substan- 
ti.aiy  the  same  manner  as  in  the  Fourdrinicr 


apparatus  for 
econoinualiy  evaporating  large  qoanttties  o£ 
water  have  from  time  to  time  been  iotro- 
duced.  TheRc  cun  be  divided  into  two 
types,  (i>  ihu  direct  evaporating  planta  Mn'^^r 
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ordinoxy  atmospheric  pressure,  and  (2)  single  or 
multiple  effects,  where  evaporation  is  carried 
<'ii  lindcr  a  partial  vacuum.  A  very  effective 
form  repTMentiag  the  iirst  tyjie  is  that  Jmourn 
M  the  Forion  evaporator,  wmoh  consista  of  a 


large  brick  chamber  on  the  floor  of  which  the 
liquor  is  placed.  A  number  of  rapidly  tv- 
solving  fanners  stir  up  the  liquor  and  wtribute 
it  in  the  form  uf  a  very  fine  spray.  The 
chamber  is  cuimucted  witli  u  ruverberatory  fur- 
nace where  the  evuporutod  product  is  incine* 
tftted,  the  waste  heat  from  which  eeriree  ioi 


the  preliminary  evaporation.  Tlii.''  evaporator, 
working  with  fairly  strong  liquurs,  ia  capable  of 
producing  I  ton  uf  recuvt  red  soda  for  an  ezpen* 
diture  of  about  27  cwt.  of  coaL 

There  are  several  forms  representing  the 
second  type,  uno  of  tho  best  of  which  is  that 
known  as  the '  Scott  Multiple  Effect  Evaporator.' 
By  meaoB  of  Uua  apparatus,  oonplea  with  a 
rotary  furnace,  it  is  pos^siblo  to  effect  recovery  of 
95  p.c.  of  the  soda,  and  with  a  coal  uuoeiimption 
equal  to  10  cwt.  per  ton  of  ash  produced. 

One  furin  uf  the  evaporating  plant  is  shown 
in  Fig.  t),  and  may  consist  of  one  or  more  vessels. 
Each  unit  consists  of  an  evaporator,  the  heating 
surface  of .  whioh  is  in  the  form  of  tubes  of  two 
difltoiont  dfauneten  so  arranged  that  the  liquor 
which  oiroulates  in  these  tubcii  docs  m  with 
considerable  velocity,  thus  exposing  a  large 
heating  surface.  The  steam  genented  in  too 
firat  efk^ct,  working  under  a  pressure  of  4—5  lbs., 
ia  used  to  heat  tbiu  second  *  effect '  which  worlui 
under  a  slight  vacuum,  and  so  on  for  each  oon- 
seoutive  uniti  with  a  ooftMpoadii^g^  inoxieased 
vacuiuu. 

The  '  black  '  liquor  is  Bupplied  to  the  first 
« effect '  and  passes  graduaUy  through  each 
succeeding  <e£not '  until  it  heoomes  to  oonotti- 
trated  that  it  will  only  jmt  flow. 

The  concentrated  liquor  is  pumped  up  to  a 
store  tank  mounted  above  a  roaster,  which  may 
be  of  the  flat  hearth  type  or  better  '^^till,  a  rotary 
roaster.  TUt;  latter  is  a  revolving  fttecl  shell 
provided  with  steel  rails,  and  supported  on  steel 
wbeds.  some  of  which  act  as  '  supports '  and 
othen  as  dividm.  The  inside  lining  of  fire 
brick  Lb  so  arranged  that  a  alight  slope  in  given 
from  the  feeding  end  to  the  disch^ging  end. 
The  o<»ioeiitratea  liquor  ia  fed  into  the  roaator 
at  a  constant  rate,  the  temperature  of  the 
roaster  beiug  at  white  heat.  This  causes  imme- 
diate evaporation  and  firing  of  tho  Ofganio 
matter.  The  fused  sodium  carbonate  is  carried 
forward  to  the  end  of  the  roaster,  and  is  ulti- 
mately  discharged  its  a  dark  incandescent  mass 
into  barrows  placed  at  the  end  of  the  furnace. 
The  ooatttits  of  tha  baxtowa  an  left  to  bom 
slowly  when  the  pvodaot  is  almost  quite 

white. 

The  Taryan  evaporator  is  similar  in  pxindple 
to  that  already  described.  An  important  ad- 
vantage of  these  evaporators  is  the  fact  tliat 
the  liquors,  ext^jpting  m  hile  in  the  incinerating 
f  uruaoe^  are  not  in  contact  with  the  products  of 
combnttion  of  the  fuel  employed.  Moreover* 
the  bulk  of  the  water  evaporated  ia  lecoreied 
in  the  form  of  distilled  water. 

The  reoovand  soda,  which,  ss  has  htm  said, 
is  in  the  form  of  carbonate,  may  contain  in  ad- 
dition a  considerable  quantity  of  potash,  derived 
from  the  fibrous  substances  which  have  been 
boiled  in  it ;  also  in  the  cawe  of  straw  or  esparto, 
a  large  proportion,  us  high  aa  7  p.c,  of  silica. 
It  is  dissolved  in  water  and  causticised  by  bod- 
ing with  lime,  wlten  almost  the  whole  of  the  soda 
it  contains  is  reoovered  in  the  form  of  sodinm 
hydr(ixide.  It  should  be  borne  in  mind,  however, 
that  It  i»  liable  to  contain  various  accumulated 
impurities  such  as  sulpliate  and  chloride,  &c., 
derived  frmu  tin-  soda  orifrinally  pmployrd.  rtnd 
from  that  winch  lum  to  bo  adtled  to  tnuko  up 
the  loss  iii  evaiJoration.  Tliis  loss,  together 
with  that  due  to  soda  retained  in  the  fibre. 
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leakage,  soda  volatfliabd  during  calcining,  and 
KfKia  left  ill  the  lime  iiiuil  after  CftUSticisillg, 
iiivuriabiy  ttniuunlii  to  6-JU  p.c. 


It  i«  important  that  the  loss  ijli<.uid  be  made 
up  with  aa  pove  a  form  of  alkali  an  possible. 

£.  J.  B.  and  W.  B. 


PAPEB-OOAL.  A  tywmjm  for  Dyaodile 

iq.v.). 

PARABAHIO  AOm  (Ond^feoftemtde) 

prepared  by  the  oxidation  of  uric  add  with 
moderately  concentrated  nitric  add  (Liebig  and 
Wohler,  Annalen,  18:18,  20.  285;  Strecker. 
Annalen,  1801,  118,  161  ;  'Jbllens,  Ber.  1872,  6, 
801),  with  hydxoehlorio  acid  and  potassium' 
chlorate,  with  manganese  dioxi.!.-  and  hot  dilute 
ralphiuic  acid,  or  wth  l>rouiiue  and  water;  or 
by  oxidising  mianine  ^\^th  hydrochloric  acid  and 
potassium  chlorate  (Jj^  Annalen.  1864,  132, 
298) ;  has  been  synthesned  by  heating  oxaniide 
with  phosgene  at  170^-1  S( "(r.  Basaroff.  Ber. 
1872,  5,  477),  or  by  boiling  it  with  phenyl 
(arhonate  (Casteneuve,  Compt.  rend.  1899,  129, 
834) ;  by  the  action  of  phri.ijthorvl  c!i!(iridc  on  a' 
mixture  of  oxalic  acid  and  eftrl>amide,  or  on 
oi^uric  acid  (Grimaux^  ibid.  1873,  77,  1648): 
Of  l>y  d««tilling  the  moooureide  of  nitrop^Tuvil 
C4H3(NO,)NjO  with  bromme  ami  water  (Cri- 
niaux.  Ix,  ;  1874,  70.  1478).  Parabanic  acid 
cr\ .siallif-eh  in  flat,  mouoclinic  prisma,  soluble 
in  21  -2  part.s  of  water  at  8",  and  melts  and  sub- 
SU  cldnJ^''  C,H,0,N„H,0  or 

^^^JsH  CO  "  ohUmed  when  urio  acid  is 
oxidised  with  nitric  acid  (sp.gr.  1-3)  at  SS'-W, 
it  ^orms  laige  compact  crystal,  M-hible  in  7-4 

??^^i'?^o''^**^  •  beeonies  anhydrous  at 

IM  ]W  ,  and  tlu-  dried  substance  re«TVstalli8ee 
from  water  in  anhydrous  needles  ('|-..n(ns  and 
VVagner,  Annalen,  1873,  186,  321  ;  T..!),  n..  B.  r. 
18<2,  o,  801;  Annalrii,  Js7r).  ]7."t.  227).  I'ara- 
iMiuic  aeid  has  heat  of  combustion  -j-212-7  Cal 
heat  o<  formation  +139-2  CbI..  heat  of  dimohition 
iS;  fM.'»lif!n..n.(  V,m,.t.  rend.  1891. 

113»  IW) ;  the  di.'^.sociation  eon^lant  for  N/32 
sohition  IB  0-76X10-*  (Wood,  Chem.  Soo. 


Trans.  1906,  1836).  In  it«  physiological  action 
];iarabanioaoid 

resembles  alloxan ;  it  is  eliminated 
m  the  nrine  partly  unchanged  and  partly  as 
oxalate  (Pohl,  Zeitsch.  exper.  Pathol,  u.  Ther. 
1910,  8,  308);  it  acts  on  the  central  norvoos 
system,  producmg  first  stimulation,  then  paralysis 
and  finally  kills  in  a  ^tate  of  torpor  (Lusini, 
Chem.  Zentr.  1896,  ii.  311,  727, 838).  Parabanic 
acid  is  a  dibaaw  add,  the  cinioniiiiii 

jwtassium  CjHOjN.K  and  todium,  C',HO,NjNa 
mlt^,  jtrepared  by  adiling  alcoholic  ammonia  or 
ix»tassium  or  sodium  ethoxide  to  an  alcoholic 
solution  of  the  acid,  are  cxystalline  predpitatee 
converted  in  aqueous  aohitioa  into  the  oarxe- 
Hponding  salt  of  omlvric  acid 

HjN  CO  NK-CO  CO Jl ; 
the  mono-  C'jHOjNjAg.H.O,  aud"<i». 

C,0,N,Ag»H,0 
sthfr  snltM  exist  (Menschutkin.  Annnlen.  IS74. 
172,  73  ;  iluduiiikaia,  J.  Russ.  Phyb.  Chem.  iioc. 
1885,  278) ;  the  earftoWMfe  soft 

r,H,0,Nj.CO(NH,), 

forms  flat  prisms  (Ulasiwetz,  J.  pr.  Chem.  1856, 
[i.j  69, 106). 

AlkyI  and  aryl  substituted  parabanic  acids 
have  been  prepan  <i  by  the  oxidation  of  certain 
purine  derivatives,  or  more  generally  by  the 
action  of  aleoholic  .silver  nitrate  on  the  eorrc- 
sponding  thioparalwinif  aeid.  'I  Iie>e  eumiKjunds 
do  not  yield  a  preei]>itate  utth  .i  i  <.ld  ncijiition  of 
calcium  dUoride  to  whi<  li  ainiiHiiiia  ha,-^  l  .<<-n 
added,  but  on  warming  lia  nuxtuie.  eakmm 
oxalate  i.s  preeipitaf.-<l  (Andnafsch,  Ber.  1881, 
14.  1 447  ;  1 898,  31, 137).  Methylparabanie  acid 
<  ILMeOjNj,  oxidisrog  theobromine  with 
ehrdiiiie  aeid,  or  caffeine  with  bromine,  forms 
tran.s|>iiixnt  pri.sm?.  in. p.  149-5'":  the  methyl' 
carbamide  salt  t'jH  ,O,X„C,H,0N,  has  m.p. 
127°-I28-  (Maly  and  Hinteregper.  Tivr.  1881,  14, 
723,  893;  Monatsh.  1882,  3,  85;   Fischer  and 
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Wnakf  Bet.  1807.  3U,  2iH)9).  Ethylmuralmnic 
M  G,H£iG,N„  ni.p.  45°:  a!^(parab<inic 
lid,  lll.pl.  140*.    DimeOiiil jutralHiuic  acid,  clwlcs- 


trophan  CsMcjOjNj,  <>l>iiiiiiiHi  l»y  (>xi*li»<ing 
eafTi'inc  with  nitric  aciil  (&>tenhotUie,  Annalon. 
1843,  45,  371  :  40,  229).  with  chlormc  M-atcr 
(Rochlttlcr,  ibid.  1850,  73,  57),  or  with  brumiiie 
wat-  r,  ur  l)v  the  action  of  methyl  iodide  on 
silver  parsb«aate  (Andieasch,  fier.  1898,  31, 
138) ;  melts  at  145'6*  and  disttb  unchanged  at 
275"-27T  \  is  .-ioluble  in  53*4  parts  of  watt-r  at 
20  (.Maly  and  Hinteregger,  I.e.),  antl  its  heat  of 
combustion  is  -f 839'1  Ckl.  (Matignon,  Ann. 
Chim.  rhvH.  [vi.]  28,70).  J>ii  thj/ljtnrnbaiiic  acid 
CjEtjOjNj.  ni.p.  4G°  ;  incthyUliiuljKiruhainc  acid 
CjMoEtOjNj,  Ky  oxidising  etbyltheo bromine, 
in.p.  44*  ;  methvtalMparabanic  acid  C^lljOsN,, 
ni-p.  75° ;  ethfflaUylparabanie  acid  C|,H,„0,N„ 
m.p.  60°  ;  mclhylphenylparabanic  acid  (  \,^H^O^'ii^ 
m.j>.  148";  efhyiphenyipara'^'mic  <trid,  n\.\>.  97". 
'  DvfhenylpanaHMte  aetd  i^^^J^B  ^i.iJ ,  by  hoii- 
in|^  dicyanodiphcnvlguaniuine  with  hydrochloric 
acid,  m.p.  204"^ ;  di-U'tohfimjrabanic  acid 
Ci(C,H,),0,N^  ukp.  14^;  3^ho4ol^ipmnibanic 
aeid. 

Thloptnbanic  acids  arc  prepared  by  paiuiing 
cyanogen  gas  into  an  aloobolio  aolution  of  the 
thiooarbamide  and  haating  the  resulting  oyaaidee 
wHh  hydroeUono  aaU. 

^NR-C:NH  ^NRCO 
They  arc  yellow  or  orange-coloured  crNstailine 
compoundts,  and  the  thioparabanic  acids  corre- 
aponding  with  all  the  substituted  para  ban  ic  acids 
dEMOnbra  aboTe  have  been  prepared  (Andrcasch, 
Bar.  isai,  14, 1447 ;  lfl8fi»  81, 187). 

  M.  A.  W. 

PASiUNBHUT  ft.  Smnmo  DBVoa. 
PARACONIC  ACID  e.  Lactovbs. 
PARAFFIN.  Properiie^.—Varaf^n  is  a  solid 
wax-like  Hubutance,  colourless,  ttt»tele«8,  and 
cKlourlesti,  composed  of  saturated  hydrocarbons 
oiUMaerieaC.Ut,,^,.  In  the  market  it  isobtainH 
whh  in.p.  from  lOC^F.  (38"C.)  to  over  136°F. 
(57*^0.)-  Tlic  higher  melting  varieties  arc  hard 
and  tough  at  ordinary  temperaturee ;  all  are 
plaatio  for  sonie  interral  under  tbdr  mdtiog- 
points,  and  wlu  ti  fiis'-d  arc  thin  raobilo  liquids. 
Parafliu  expandH  considerably  in  melting.  With 
a  udok  it  is  easy  to  get  it  to  bum  with  a  clear 
white  smokeless  flame  ;  but  it  docs  not  burn 
readily  in  the  maiw.  Its  tiashing-point  is  over 
a50»F.  (177°C.).  • 

Tlieap.gr.  variealrom  0-790  to  0-940  according 
to  meltmg-point  and  origin.   A  sample  with 
m.p.  38"C.  had  sp.gr.  0-8740  at  21°C.,  and  the 
8p.gr.  in  the  melted  state,  calculated  to  21°C.  i 
waa  0*796  (BeOby).  The  ep^heat  is  0-904.   It  I 
is  n  nonconductor  of  heat  and  electricity.  It 
cuntiuns  carbon  about  85  p.c.,  hydrogen  15  p.c. 
It  is  insoluble  in  water,  but  soluble  in  ether,  | 
mineral  spirit  and  carbon  disulphific.    It  is 
charactcri.sed  by  indifference  to  most  reauents,  , 
and  can  resist  the  action  of   many  <rf  the 
strongest  chemicals  even  when  hnsted. 

C^PM.— The  harder  par^n  Is  used  in  vast 
quantities  for  raiidle-making  ;  the  softer  quality 
for  miner's  lamps,  and  household-,  shi^-.  and 
hand'lamps ;  also  for  dipping  the  stielcs  of 
matches  in  place  of  the  sulphur  of  long  ago  ; 
and  often  gets  the  name  of  mutch  ur  miner's  i 


paraffin.  The  peculiar  projperties  of  pamtlin 
make  it  a  useful  material  for  many  purpoees, 
and  a.s  day  by  <Iay  it  is  getting  more  plentiful 
uud  of  lower  price  ita  applications  are  extending. 
It  is  used  for  waterproofing  doth*  le»tber, 
walls,  cartridges^  and  wrapping  paper;  for 
coating  the  inside  of  vessels  to  prevent  the 
wood  giving  u  taste  to  the  delicate  subbtanccs 
in  them,  such  as  butter,  mineral  waters,  beer, 
ftc. ;  for  coating  metals  to  prevent  rust  and 
decay;  for  electrical  insulatinn  ;  for  splints  in 
surgery,  as  a  medium  for  saivc^,  fur  extracting 
peifttme  from  flowers ;  for  waxing  thread, 
floors,  Ac,  for  hcatiii{Lr-l>atliH  in  laboratories* 
and  numerous  other  purposes. 

Prodtietion. — Paraffin  is  found  native  in 
various  forms  in  the  coal  and  other  measures, 
e.g.  as  ozokerite  (q.v.).  A  hundred  years  ago 
and  moil-  I'jihall  Parish  and  ncighbourhoud  was 
lighted  witii  osoketite  candles  from  Binny 
quarry,  and  these  were  th«  first  paraffin  candles 
to  be  Tised.  Galician  ozokerite  is  refined  and  sent 
into  the  market  as  ceresin.  Paraffin  wan  first 
produced  in  quantity  from  bituminous  shale, 
and  that  is  still  an  important  source  in  Scot  lain!, 
France,  and  Australia.  In  Germany  it  is  ob- 
tained from  the  distillation  of  brown  coal.  It 
is  now  obtained  from  American.  Galician,  and 
other  petroleiiBis,  but  not  from  that  of  Baku. 
In  slialc  nil  and  pctmlcum  it  is  asswiatcd  Mitli 
liquid  and  gaseous  members  of  tiio  paraffin  and 
otner  series  of  hydrocarbons.  Sooteh  crude  oil 
contains  II  p.c.  of  solid  paraflln,  brown  coal  tar 
12  p.c.,  Galician  petroleum  5  or  0  p.c.,  American 
2  or  8  pk«.,  I^per  Bormah  and  Asaun  sometimes 
12  p.c.  or  more.  For  many  years  Scotland, 
with  a  yearly  production  of  20,000  tons  was 
the  principal  producer  in  the  world,  but  now 
America  produces  100,000  tons,  and  Qalicia 
now  puts  on  the  maricet  over  00,000  tons  per 
annum. 

Distiliation  of  bituminous  shale  for  liquid 
products  was  tried  in  Scotland  by  Lord  Dun- 
donald  as  early  as  1781,  but  the  world  was  not 
ready  for  it.  Previous  to  I860  sohd  paraffin 
had  lieen  cactracted  in  the  laboratorv  from 
petroleums,  wood-tar,  and  coal-tar,  but  through- 
out the  worid  generally  it  was  known  only  as  a 
( lidiii'  ul  curiosity.  In  France,  however,  manu- 
facturing it  had  been  attempted  on  a  small, 
scale  as  early  as  1880,  and  candles  proposed  and 
patented  in  1845.  On  the  large  -ui  i  ( ssfiU 
manuiekcturing  scale  it  waa  first  produced  in 
Scotland  frmn  torbanite,  and  this  undertaking 
at  once  became  well  known  and  influenced 
the  whole  world.  Later  on  oil  shale  was 
used. 

Oil  shale  is  at  present  worked  for  oil  refinint; 
in  Bootland,  France,  and  Australia,  and  shale 

suitable  for  the  purpose  is  fnund  in  Nova  Scotia. 
New  Brunswick,  Servio,  Spain,  Tasmania,  and 
many  other  places. 

The  nictnods  of  refining  are  the  same  for 
IX'trolcum,  brown  coal,  and  shale  oils,  viz. 
fractional  distillations  alternated  wii  U  treatments 
of  oil  of  vitriol  and  of  caustic  .soda;  and  the 
heavy  oil  when  it  contains  solid  parutliu,  is 
cooled  and  pressed  for  its  separation.  A 
description  of  the  Scotch  manufacture  is  so  far 
typical  of  all,  but  shale  ofl  requires  mueh  more 
rclinin^  than  pcfroloim.  Cnidi  prtroKum  is 
ubtaiued  directly  by  boring  aud  pumping,  wliilst 
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fihale  and  browa  coal  have  to  bu  mined  and  re- 
torted to  g»t  the  onide  oiL  Thh  extra  expenae 
is  to  «ome  cxt^  ii*  cMjnpensated  foc  by  the  pro- 
duction uf  uciinuniuui  bulpiiatc. 

Thoro  is  nu  hope  of  the  petrolouui  wvUa 
jartiing  permanently,  and  the  world 'tt  stock  of 
it  is  being  rapidly  used  up.  The  vast  shale  fields 
of  the  worM  will  before  loQg  become  of  gnat 
interest  and  impuitance. 

The  ShaLiB  On-  Ikdustry. 

Locality, — At  one  time  there  were  crude  oil 
worka  aoaUeted  over  all  the  British  coal-fields. 
How,^  however,  all  the  uiJ\\  orks  existing  in 
Britain  are  situated  on  a  belt  of  the  oil  shale 
formation,  »>-S  luiiea  wido,  utretohing  from  the 
shone  of  the  Firth  of  Forth  at  Abecooru  and 
Dalmeny  16  miles  southward  to  the  east  end  of 
the  Pentlttiid  range  of  hills  at  Cobbiusbaw. 
Uoiug  due  west  irum  Edinburgh  for  i;^  imles 
lands  one  in  the  middle  of  this  tract.  Besides 
thia  locality  there  is  a  rcgnJar  strike  of  the  shale 
aeuuiij  in  a  narrow  strip  10  miles  t«  the  east, 
whore  the  seams  lie  much  closer  together.  There 
were  workings  on  it  at  the  village  of  Pentland. 
This  line  is  oontinved  to  the  north  side  of  the 
forth  and  wasj  worked  at  Burnti^laud. 

The  raw  material  used  is  a  shale,  which, 
wliile  oontaiidng  not  more  than  2  p.c.  of  tree 
bitmnen  soluble  in  carbon  disulpliide,  has  much 
organic  matter  present  capable  ol  giviug  bitu- 
minous materials  by  destructive  distillation. 
It  is  black  or  brownish  in  colour,  fine  in  grain, 
free  from  grit,  and  wiiJi  buiwu  titicak.  It  is 
tough,  and  good  sampler  umier  the  knife  curl 
over  in  thin  shaviugp,  while  poorer  samples  are 
more  friable.  Some  good  foreign  shales  have 
not  this  pro|xity  of  curling  in  thin  Bhavings. 
it  resists  disintegration  by  weathering.  Some 
shale  is  *  plain,*  living  the  lamime  parallel  with 
the  strulifieution  ;  other  shale  is  'curly,'  side 
pressuiu  while  plastic  having  crushed  it  into 
wave-shaped,  curled  irregular  masses,  with 
black  brightly  polislud  surfaces.  The  amount 
of  shale  distUkd  in  Scotland  lu  1911  was 
8,000,000  tons. 

i*Toduets. — The  crude  oil,  in  amount  about 
70  million  gallons  or  273,600  tons  per  annum 
in  Scotland,  vades  in  proportion  of  jirodueta 
according  to  the  nature  of  the  shale  and  the 
retorting.   The  principal  products  are : — 

1.  Shale  spirit  or  naphtha  about  4  p.p. 
ou  the  crude  oil,  sp.gr.  U-bbU-0-7iiU,  uaed  as 
gasolene,  motor  spirit,  solvent  for  india-rubber, 
burning  in  special  lamps^  ^  Water-white  in 
colour. 

2.  Burning  oil,  20-30  p.c,  sp-gr.  0-785-0-830, 
used  for  lamps,  and  for  internal  combustiou 
enginee.   Water-white  or  fiunt  straw  tint. 

3.  Intermediate  i.il,  sp.gr.  0-81O-0-8G5.  10-20 
p.c.  used  for  ^as-making,  gas-eunchiug,  clean- 
ing purposes,  oil  engine  fuel,  grease-making,  and 
fuel  f<'f  tfic  navy. 

4.  Lubnciitiug  oil,  sp.^.  0"866-0-y00,  about 
20  p.c,  used  for  Ittbficatiag  machinery.  Clear 
yellow  colour. 

5.  Solid  paraffin,  10-12  p.c,  see  above. 

(5.  b'fiJl  coke,  i>.i  ..  uM  il  iis  u  sniokelesf* 
fuel  for  yachts,  drawing-rooms,  &.C.,  and  for 
electric  oandlee,  moulders'  blacfcin&  &c  Fixed 
carbon  95  i).e.,  aah  0-5  p.c,  sulphur  0*4  p.C., 
volaldu  hydrocarbons  4  p.o. 


7.  Ammouium  iiulphate,  about  tiO,OOU  tons 
a  year,  used  as  manure,  especially  for  sugar  beet 

growing,  and  largely  cxp(irfed. 

b.  The  tars,  lo  p.c,  WiUshcd  from  the 
chemicals  used  in  rotiniug,  are  burned  ais  fuel 
under  the  stills,  sprayed  with  superheated 
steam. 

9.  i  l  iueut  ga.Hc.i  are  produced  in  tho 
retorting  and  \xmA  as  fuel  for  heating  the 
retorts;  and  very  rich  pure  gas  is  got  in  the 
refinery  in  distilling  the  crude  and  heavy  oUs 
to  dryne<»s  and  is  used  for  illumination,  and  fur 
fuel  purposes  under  the  StUU. 

The  oil  products  are  composed  of  the  paraffin 
and  olefine  series  of  hydrocarbons  vdth  a  small 
but  definite  admixture  of  naphthenes  and  ben- 
zenee.  In  tho  impurities  extracted  by  the 
chemfcals  and  the  distillation  are  strong  basse 
of  the  pyridine  and  quinoline  scries,  phenols, 
cresols,  pyrene,  chrysene,  and  other  hydro- 
carbons more  dehydrogenated  than  the  olofinee ; 
but  tho  tars  itave  not  been  thoroughly  investi- 
gated. 

Uuiory. — At  Lyon  Flayfair's  suggestion, 
James  Young  started,  in  1848,  a  works  in 
]>erbyBhire  to  refine  petroleum  from  a  spring 
found  in  connection  witli  coal.  The  8up|il\, 
some  300  gallons  a  day,  soon  threatened 
to  stop,  and  Young,  who  supposed  that  this 
petroleum  had  been  distilled  by  a  natural 
process  from  the  coal,  set  hinistdf  to  create 
artificial  petroleum  by  the  distillation  of 
coal  at  low  temperatures,  lie  experimented 
with  many  varieties,  Eugiii»h  and  Scutth,  and 
found  that  cannel  or  gas  coals  were  suitable. 
He  at  last  discovered  the  Torbanehill  mineral 
near  Bathgate,  which  proved  exactly  what  was 
wanted.  He  took  out  his  patent  for  low 
temperature  distillation  of  coal  in  18S0,  and 
the  liathgate  works  were  in  operation  before  the 
close  of  tile  }e;ir.  Markets  were  soon  created 
for  lamp  ud,  ^^  hieh  was  the  principal  product, 
aud  also  for  lubricating  oU  and  acilid  paraffin. 
Young  introduced  suitable  lamps,  and  paraffin 
oil  rapidly,  became  the  light  of  the  people  all 
over  Britain.  He  called  lamp  oil  paraffin  oil, 
and  paraffin  oil,  or  simply  paraflin,  is  the  name 
yet  commonly  given  in  Britain  to  mineral 
oil  for  lighting  innposo.  whether  of  ehale  or 
petroleum  origin,  lu  America  and  on  the 
Continent  the  name  paraffin  oil  is  applied  to  the 
heavy  oil  \\hieh  i.s  pressed  directly  frimi  the 
suiid  p.uittiin.  ihi-  manufacture  pruviug  a 
great  i5Ue<  eti.  a  good  many  works  were  erected 
throughout  Britain  during  the  run  of  Young's 
patent,  and  many  were  got  ready  to  start  on  its 
expiry  in  1864,  and  others  were  added  after- 
wards. Factories  were  also  started  on  the 
Continent,  some  of  titem  getting  the  Torbanehill 
mineral  exported  to  be  (iistilieii  abn  ad.  Many 
works  were  erected  in  Amenca  to  work  Young's 
patent  and  distil  the  native  coals,  and  adopted 
Ids  niethf  d  of  relining.  IVtmb  um  from  oil 
springs  began  to  be  produced  in  truant Uy  m 
Benn«ylvania  in  1859,  and  these  coal  refineries 
were  in  existence  ready  for  ite  refining,  and  helped 
in  the  rapid  development  of  the  new  industry, 
r.ijil  nil  xsa.s  aluaily  well  known  in  Anu-iiea, 
and  petroleuiu  lamp  oU  or  kerosene  is  often  yet 
called  coal-oil  in  the  States  and  Canada.  In  the 
sixties  the  exportation  of  American  kerosene 
to  the  United  Kingdom  began  aud  ijicreased 
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rapidly.  The  lamp  oil  fell  in  price  from  23.  Qd.  mineral  (t  rt mite),  called  also  boghead  coaL 
to  Is,  'M.  per  gallou,  and  many  wurka  had  to  i  It  yielded  lOU- i3U  gallons  of  crude  oU.  Volatile 
■top.  In  1871  there  were  81  works,  within  tiro  \  mattera,  U5  p.c,  auh  22  p.c.  It  was  a  rich  shale 
years  only  3U  Tho  Amcriciins  nt  fir.<?t  exported 
only  buruing  oil,  and  the  iScutcli  luodiKeu  their 
retorts  to  produce  heavy  oil  and  parafiUn,  and 
bought  in  AnwiricMi  naiduum  to  refine  it. 
Soon  tho  Amefioaiii  took  uptheae  branches,  and 
tho  United  Kingdom  was  supplied  with  a  super- 


i-athur  than  a  cual.  'I'hf  n-didue  left  from  retort- 
ing w  as  not  u  cuke  l^H  uitli  coal,  but  was  in  thin 
layerri  like  spent  sluile,  and  the  orudo  oil  was 
lighter,  viz.  8p.gr.  0*9,  instead  of  1-0  as  with  coal. 
It  was  getting  exfaauated  and  too  eixpeii^ve 
\\ithin  a  dozen  years,  and  shales  were  used 


abundance  of  lubricating  oil  and  solid  parafiin,  i  instead^  and  also  some  parrot  coal.  The  shales 
and  their  prioee  fell  Mao,    The  ammoninm  at  first  tried  yielded  45-30  gallons  a  ton,  and 

sulphate,  a  by-product,  brrime  the  saving  of  those  now  in  uso  give  from  30  to  20  gallons.  A 
the  induatry,  and  the  rotorts  were  so  moditied  i  30  gallon  shale  haa  abuut  2o  p.c.  volatile  matter 
that  its  production  ^\  as  doubled  or  tnUed.  I  and  75  p.o.  fixed,  of  which  5  p.c.  is  carbon.  The 
About  1880  the  supply-  of  Pi^ruvian  f^ano,  on  shale  or  parrot  coals  from  the  coal  measures 
which  fanner.s  iiiwi  depeudeil  for  their  aupply  of  produced  generally  a  crude  oil  having  a  higher 
combined  nitrogen,  now  began  to  fail,  and  as  a  sp.gr.,  more  loss  in  refining,  a  thinner  luljricatinz 
remit  the  pnce  oi  aolphate  rote  to  £24  a  ton,  i  oil,  and  Ism  aolid  parai&n  than  the  shales  ta 
and  tha  iramW  of  worka  waa  {noreaaed.  But  I  tiie  shale  measnres. 

by  1890  sodium  nitrate  was  imported  in  such  i  Geology.  The  position  of  the  shale  measures 
quantities  that  the  price  of  ammonium  sulphate  j  in  Scotland  may  be  seen  from  the  following 


CarbonileiOiiB 
Sjratem 


fell  to  £8  a  ton,  while  burning  oil  brought  only 
6d.  n,  L,'  tl!'m;  and  again  there  was  collapse. 
Tiiu  iiu^&ian  petroleum  industry  had  developed 
rapidly  after  1873,  and  through  time  was 
oom|>etiiig  in  the  English  market  for  lamp  and 
Inbncating  oils.  Later  on  came  competition 
from  Oalicia,  Rou mania,  and  the  East  Indies. 
The  SootUsli  lodustiy  has  thus  had  many 
▼ieiaiitadea^  times  of  aoccsia  with  expansion 
alternating  with  depremon  and  collapse.  When 
btid  times  came  the  weaker  concerns  ceased  to 

exist,  but  tho  atronger  ones  enlarged  thflir  works  seams  of  workable  coal  have  seams  of  Biiale  or 
to  ehenpfn  profluLti  >ii  bv  the  many  cconomieM  bastard  canuel  coal  which  could  be  profitably  dis- 
that  enlarged  output  makes  possible.  lu  tilled  in  the  early  bright  years  of  the  industry, 
the  sixty  years  of  the  existence  of  the  in-  Over  many  ordinary  seams  of  coal  there  was  found 
dustcy  120  works  have  dropped  out  of  existence  i  a  foot  or  more  of  suitabb  material  which  was  kept 
oanaing  tiie  loss  of  aevei^  millions  of  capital,  apart  and  diatfiled.  It  was  found,  for  instance, 
yet  the  yearly  production  has  not  declined  but    in  coimection  with  tho  Hplint  and  Virtuewdl 


Btatenunft  in  wUeh  tha  series  are  arraagsd  in 
desoendiog  order : — 

Coal  measures  proper. 
Blillstone  grit. 

Carboniferous  limestone  hc-tIcs. 
Caldferoos  sandstone  series, 
in  which  are  the  true  shale 

measures. 
Old  red  iawidstone. 

The  coal  measures  proper  with  their  many 


ammonium  sulphate.  In  spit^*  of  the  increased  Ayrshire,  and  Midlothian,  as  veil  as  throughout 
prodostion  of  combined  nitrogen  from  many  { thia  English  coal-fields  in  Yorkshire,  Lancashire, 
new  sources  mch  as  iron  smelting,  mondgas,  Cheshire,  and  Stafford,  and  in  particular  thacc 
coal  coking,  and  electrical  utilisation  uf  atmo-  was  for  some  time  a  considerable  Welsh  ahsle 
spheric  nitrogen,  the  demand  of  farmers  all  the  oil  manufacture  at  Li-eawood  in  Flintshire, 
world  ovet  has  increased  so  that  the  pnoe  of  i  Tlie  position  of  the  Torbauehill  mineral  itself 
anunonimn  sulphate  has  remained  for  a  series  i  was  near  the  base  of  tho  ooal  messnra  not  far 


of  years  from  about  £12  to  £14  a  ton.  Shales 
that  not  long  ago  would  have  been  rejected  as 
mbbiah  are  now  most  valuable  on  account  of 
tho  large  yield  of  ammonia,  and  the  exhaustion 
of  thu  shale  supply  is  indeliijitely  postponed. 
Recent  enlargement  of  the  Sootoh  refineries. 


above  tliu  millstone  i^rit. 

The  carbuuiierous  limestone  series  with  its 
valuable  limestone,  ooaU  and  konstone  Gontsins 
seams  of  ^h -  h  md  parrot  coal  that  wen  worked 
for  od  iu  Laa.ul;^hire  and  Fife. 

But  foreign  c^MEpetition  and  low  priceu 


oombined  with  the  usual  foreign  competition,  caused  complete  stoppage  maigr  years  sgo  of  all 
aooentuated  by  the  price  war  between  the  two  oil  works  in  Britain  except  thosow  the  tniaaliab 

greAt    foreign    petroleum   corporation.s,    have  raea-sures. 

lowered  the  price  of  the  oil  and  paratho  produotSy  Tho  calciferous  sandstone  aeries,  in  its  upper 
and  the  prBsentontlookisdiaoou raging.   Further  division,  sometimes  9000  feet  thick,  contains  all 

economfes  are  nece.'viary,  and  the  combinatioti  the  oil  .slialos  worked  at  tlic  present  time.  The 
of  ail  the  companies  ilito  one  organisation,  .  st;antb.  about  twenty  in  ail,  vary  much  in  thick- 
partiaahiriy  in  ttie  selling  department,  soggests  <  ness  and  quality  in  the  different  districts  and 
itself  as  pf>.«5s)Mf.  tho  intervening  atratn  are  also  variable.  The 

Tho  contmucxi  o.xibtenco  of  this  home  following  iw  a  i^oneralijied  secLiou  to  show  the 
industry  has  without  doul)t  kept  the  light  of   t>ucc.  ,~,sion.  j'-he  gallons  are  tho  crude  oil, 

the  people  at  one-haif  the  price  of  what  it  would  and  the  lbs.  the  ammonium  sulphate*  per  ton 
othm-wise  have  been,  and  a  great  deal  cheaper  ,  of  shale,  as  obtidned  in  the  modem  retorts, 
than  it  is  at  the  ywy  gtUm  ot  many  Amefican  {  The  thickness  in  feet. 

rcfinorias.  '      Uurlet  limestone  and  coal,  a  widely  kuuwu 

McUerialttkatkavektmuied* — ^Young  started  i  position  nokoned  the  top  of  the  shale  measures, 
tho  fiathgato  voxte  to  distil  tha  TorbaaehiU  1  Strata*  400  ft.  blM«,  ironstone  ribs,  blaokband 
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irunNtone,  ^  (containing  an  upper  Kaeburn 
Simm  ftt  8.  Cobbinshaw  100  ft.  aImto  the  next 

Jiadmin  .■^hiilt,  3-0  ft..  4(M»5  gal^.,  Mt»riit'd 
at  West  aUdcr  and  Tarbrax.  Stmt*  100  ft., 
biAOfl,  ironatone  bnii'ls,  kv. 

Mun^  «hak,  2  ft.,  3u  gaiii.,  30  Jbs.  Strata 
130  ft.,  bhee,  fineby,  iioDstoiie  buoda,  Ydeaaio 
tnff* 

Two  feet  omi,  irith  a  thin  thale  and  iron- 

strno  band.    Strata  Houston  marls,  230  ft., 
rliick  beds,  massive,  amorphous,  uniosaiiiferuus. 
Addiewell  grey  shaikh  2  ft,  composed  largely 

of  crifomostracii.    Strata  60  ft.,  blacf»,  fireclay. 

iloustoa  coal,  4-6  ft.  Luwt^l  coal  that  has 
l)een  worked  to  any  extent  in  Scotland .  I  nf erior, 
pyritous,  and  interbodded  \vi«h  I.lats.  Strntn 
160  ft.,  laminated  sandstont;,  blat-.-,,  clay  bund 
ironstone. 

^  i'etf '*  #Ao/e,  a-7  ft.  Principal  ahaie  of  VVeat 
Calder  dirtrict,  S6-40  gals.,  30  Ibe.  Strata. 

limxburn  marl,  135-270  ft.,  lime^jton©  imme- 
diately under  Feli's  shale,  3-(i  ft.,  marly  clays, 
cement  stone,  no  sandstone. 

Broxburn  gny  shaU,  0  ft.,  23  gala.,  35  Iba. 
Strata  5  ft. 

Broxburn  ewiif  tkdk,  5|  ft.,  26  gala.,  38  Iba. 
Stratattft. 

Broihum  seam,  5-6  ft.,  30-35  gala.,  40  lbs. 

At  Midcaldcr  thirt-  an-  other  two  seams  above 
these  three  Broxburn  aeama,  and  another 
16  ft.  below  the  Broxbnm.  Strata  400^^  ft. 
blaes  and  marl,  then  the  Binnj  aandatooe,  tlien 

again  blmia  and  marl. 

Dunnei  thole,  4-lii  ff..  i' t  i  !  ^ala.,  24  lbs. 
At  Oakbank  there  is  a  loutr  dunnet  shale. 
Strata  400-600  ft.,  suiuktuue,  blaes,  lime  ribs. 

Barracka  shale.  Very  variable,  sometimes 
8  ft.,  and  yielding  22  gala.,  but  generally  thinner 
and  poorer. 

Burdio  house  linicHtono.  A  well  rtctii;tiiM-d 
position.  Sometimes  64  ft.  quarried.  iStrata 
600  ft.,  blaee  and  thick  sandstones. 

PumphcrHon  shaUa,  5  nf  thrtn,  vnth  about 
12  ft.  of  bLies  between  ea<^h  pair,  respectively 
8,  5.  6,  7,  and  4  ft.  thick,  16-20  galu.,  50-70  lbs. 

The  lower  division  of  the  calciferous  sand- 
stone variea  from  a  hundred  to  several  thousand 
fff  t  in  tUckness.  Sandstones,  non-bituminous 
shales,  cement  stonea*  Ac,  fill  up  the  apace 
until  the  upper  old  red  aandstone  is  reached. 
The  Wardie  shales  (11  gals.,  20  Ihs.)  t>{  this 
lower  division  would  not  pay  to  work  under 
present  circum^tancea. 

The  oil  shale  monsuro*)  arr  vpty  much 
troubled.  They  are  c  ontorted  mto  great  waves, 
Boiiietinies  even  overlap,  and  tb»  same  seams 
come  to  tho  surface  at  many  places.  There 
are  four  great  faults  running  E.  or  N.E.  with 
displacement  of  lOOO-I.WO  ft.,  and  numerous 
small  faulta  or  branches  to  the  large  ones.  There 
are  dykes  of  igneona  rode  ninning  through  the 
racfiAures  for  miles.  Then- ate  numeruti.-.  n(  i  ]%s 
of  igneous  ruck  coming  up  through  the  other 
.strata ;  and  there  are  many  great  sheets  of 
intmaive  sill  intercalated  between  tho  normal 
Htrats,  sometimes  5  or  6  ft.  thick  for  a  long 
di-t;iiiee,  Init  here  and  there  tliickening  to  a 
great  deuth ;  sometimes  keeping  the  .^amc 
position  for  a  wide  space,  then  suddenly  ge>ing 
nifrh-  r  nr  luwer.  The  intruded  niaiis  hn-  ..ft*  n 
taken  the  posutiou  of  a  good  shale,  utterly 


destroying  it,  and  oci'aaionally  retaining  aome 
of  the  products  of  distillation  in  calcite^ined 

(  a\itie^  ill  the  iiia>.:.  of  lliu  sill,  as  litjuid  jietr<i 
Icum,  solid  bitumen,  i>i>>ul>.stanco  of  intermediate 
conaistency  like  v{uielin«>.  CerUuu  sedimentary 
strata  arc  charged  with  pftntlt  uiii  and  Lrinc. 
'I'he  surface  of  tho  country  hn^  been  parluiily 
loTelled  down  in  later  ages  by  glacier  action, 
leaving  hills  with  crag  and  tail  wkm  the  neck 
of  igneous  rock  came  up. 

The  ealciferous  .sandt>t(pnu  turns  up  in  a 
broad  band  from  the  east  to  the  west  of  Scotland, 
but  only  in  this  Kmited  looality  of  the  Lothians 
has  there  bei-n  the  .suitable  circumstances  for 
the  rapid  deposit  and  prctxrvalion  C)f  the 
organic  material  that  gives  value  to  tho  shale. 
'I' Ilia  has  been  called  sa pro y)'^  ^  > 1 1 1  lie  f  o n  t i  nent  and 
Jcuogen  in  this  country.  It  ii>  couipo*sed  partly 
of  amoi^Otta  jelly  and  partly  of  microscopical 
alg»,  Bpores,  and  other  minnte  forms  of  life, 
tlmt  seem  to  have  been  deposited  in  a  braddsfa 
lagcMFii  where  there  was  little  ein  ulation  and 
aeration  of  the  water,  so  that  on  ialhng  to  the 
bottom  they  were  enclosed  in  the  mud  sad  so 
preserved  from  decay.  There  have  been  preat 
volcanos  in  tho  neighbourhood  active  during 
the  deposit  of  this  formation  which  first  mav 
have  stinndated  the  minuto  life  by  warmth 
and  afterwards  hy  eruption  caused  their  sudden 
precipitation  to  the  bottom  and  envelopment 
in  the  mud.  Dust  thrown  out  by  volcanos  ha« 
formed  extBusive  tuff  strata  througliont  the 
district.  Earthijualve  or  ]»ti?innijus  gas<-s  may 
have  caused  the  sudden  death  of  the  iish  of  the 
fish  beds;  and  the  many  thin  deposiu  of 
chemical  hmestone  may  have  obtained  the  heat 
for  the  decomposition  and  precipitation  of  the 
bicarbonate  from  the  neighbouring  vokamw. 

The  shales  worked  in  France  and  Australia 
belong  to  tho  carboniferous  or  pcrmo-carbooi- 
ferous  epoch.  \'ast  deposits  still  unwi irked  arc 
foumi  in  Canada  in  the  upper  old  red  sandstone. 
The  Kimmeridge  shale  of  England  belongs  to 
tho  Upi>cr  Jurassic.  Oil  shall!  may  be  got 
through  a  great  range  of  geological  time. 

Alining. — The  working  is  mneh  like  ooal, 
pillar  and  stall,  and  the  jiiUars  removed  later. 
Coal-cutting  machines  are  not  used.  More  is 
done  by  blasting  in  shale  mines  than  with  co&l, 
various  explosives  Iteing  naed*  bnt  mostly 
gunpowder.  Boring  for  the  shots  is  now  dome 
at  several  places  by  eleetrieal  madiinery,  a 
hole  being  drilled  in  5  minutes  that  takes  45 
minvtes  by  hand.  Host  of  the  haulage,  pumping 
water,  &c.  is  n<iw  gi  tierall y  done  by  electric 
power,  raised  by  steam.  Before  sinking  a  mine 
or  pit  in  a  new  neighbourhood  it  has  to  be  well 
exjilnred  l>y  boring  as  the  scams  vary  much, 
and  the  vagaries  of  the  intrusive  sill  cannot  be 
foreseen.  The  workingH  vary  from  0  to  ItMX'  ft. 
in  vertical  depth,  one  pit*  reaching  1600  ft. 
A  seam  ip  often  richer  towards  the  outcrop  and 
|»Mi.rer  as  it  iuereascs  in  depth,  but  not  ;dways. 
Ihere  is  fan  draught  as  in  coal  pits.  The 
ventilation  has  to  be  go()d  to  sweep  &\\&y  the 
smoke  (if  (In  .'-liot  nrliis.  Pirc  damp  irivep 
little  litmblc  oo  litat  naked  lights  are  in  general 
use. 

The  manufacture  is  carried  out  in  two 
divi.^ions :  1.  the  crude  works,  and  II.  the  reftnery. 

I.  The  crude  oil  u-orks  consists  of  .'^liale- 
breaking  machines,  retorts^  cuudensera,  receivers. 
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scrubbing  towers  to  take  ftrnmonia  and  light 
naphtha  from  the  permanent  gases  of  the 
dititillatiuii,  a  tower  oil  still  and  ammonia 
houae.  The  orade  worln  ia  ntnated  in  the 
middle  of  the  ihale  field  m>  that  imioh  of  the 
shale  is  tipped  ivfeo  the  bnmking  machine  direct 
from  the  miiien*  hutches.  It  is  expensive  to 
eonwy  ahele  far  nnderground,  and  so  mines  or 
pits  are  put  down  all  over  the  field  and  the 
ah&le  brought  in  railway  waeguosto  be  emptied 
by  hydraulic  ma*  hinciy  into  the  breaking 
machine.  If  shale  lios  5  miles  or  more  from  the 
refinery  a  crude  works  is  put  up  there  and  the 
crude  oil  sent  to  tha  reraary  dj  rail  in  tank 
waggons. 

The  hreaking  machine*  oonaist  ol  two  strong- 

toothed  cylintlcrs  botwoon  which  the  shalr  is 
brokrai  into  pieces  about  4-6  in.  square.  One 
maehine  with  cylinders  3  ft.  diameter  and  4^  ft. 
long  put."  throueh  ovor  500  tons  in  a  <\ny  of 
8  hours.  The  cylinders  are  of  ca.st  iron  3|  in. 
thick  with  malleable  steel  teeth  2J^  in.  diameter 
and  proieoting  4|  in.  outside  the  cylinder. 
The  teeth  of  we  one  cylinder  fall  between  the 
1.  '  f  tho  other,  aod  tha  ciaManca  ia  nlf ■ , 
adjusting  0-1  in.  I 

JMoiwn^.— ThebrolEenshalefillafaitolmtohea ' 
on  tails  holding  about  18  cwt.,  to  be  taken  by 
endless  rope  up  an  incline  to  the  top  of  the 
beoohea  and  emptied  directly  into  the  retort 
hoppata.    The   retort   hoppers   are  often   so  I 
large  that  filled  by  day  there  is  sufficient  supply 
for  all  night.    After  distillation  and  passmg 
down  through  the  retort  the  ^ent  shale  falls  I 
into  a  hopper  below,  which  is  emptied  at  inter- 1 
vals,  by  day  arifl  ni^'ht  into  iron  hutchi^s  to  ]>v 
conveyed  by  endless  rope  or  chain  to  the  top  of  i 
the  spent  shale  Irfng. 

Retorts  are  arranged  in  two  rows  in  benches 
oi  44-66  retorts.  The  distillation  is  upwards, 
and  along  tha  top  of  tha  retorta  on  each  aide 


bell-hopper  above  for  charging,  and  a  water- 
lute  below  through  which  the  spent  shale  was 
rake<l.  It  was  charginl  at  intervals  of  an  hour, 
and  a  cotremcmding  quantity  of  spent  shale  was 
withdrawn  naif  an  hour  alter  the  charging. 
Vcrtiral  retorts,  iniiii' -vrd  in  form  and  setting, 
oval  in  section,  and  loogtheued  to  16  ft.,  were 


thflca  ia  fijced  the  main  to  carry  off  the  products 
of  distillatioa.   The  exit  from  retort  to  main  is 

7  in.  diameter  and  tho  main  itself  30  ia. 

The  iirst  retort  used  bv  J.  Young  in  1850 
waa  an  imitation  of  the  horizontal  Iron  gas- 
retort  of  the  time,  but  worked  at  as  Imv  a 
tcnij>eratun*  as  jxi.ssible.  Young  stuni  adopti-d 
a  vertical  retort,  but  other  works  continued  to  I 
use  the  horizontal  type  with  improvrd  arrange- 1 
mental  tmtil  1880  (Fig.  1).  I 

The  old  vertical  retort  (FIl'.  2),  a  cylinder 
about  1 1  ft.  in  diameter  and  10  ft.  long,  had  a  | 


Fio.  2. 

in  use  in  some  works  until  aftor  IShU.  About 
1860  steam  had  been  introduced  into  the  l)ott<jm 
of  the  retort.  It  moderated  and  transfused  the 
heat,  and  swept  the  o3  yaponrs  rapidly  out  of 
the  hot  n  ginu,  and  the  crude  oil  was  improved 
in  quantity  and  quality.  These  retorts  were 
firea  by  ooiu,  and  the  coal  furnace  heated  three 
retorts  on  each  side  of  it.  They  were  often 
overheated,  spoiling  the  oil  and  destrojring  the 
retort.  Young  recommended  a00*-700°F.,  but 
old  vertical  retorts  sometimes  reached  1200°- 
1500°F.  as  measured  by  Siemens  water  pyro- 
meter. The  result  was  thna  dependant  on  tiie 
care  of  the  men. 

Many  forms  of  retorts  were  patented.  W. 
Young  in  IH'ST  tried  a  retort  with  gas-jacktt 
around  the  metal  retort.  It  was  not  a  succeiis, 
bnt  it  proved  that  a  great  improvement  in  the 
quality  of  the  cnidc  oil  could  be  effected  by 
gentle  heating.  The  spent  shale  of  the  early 
retorts  oontained  about  IS  p.Gi  carbon,  and  a 
large  proportion  of  the  nitrogen.  W.  Young  in 
1872  attempted  to  utilise  the  spent  shale  for 
fuel  w^ith  a  ffuH  lute  between  the  products  of 
combustion  of  the  spent  shale  aod  the  products 
of  distillation.  It  required  too  much  care  in 
its  ni.vnaL'cnit'nt.  N.  M.  Hfn<l<'rson  in  1873 
patented  an  arrangement  by  which  the  spent 
sliale  was  dropped  into  a  furnace  below  anti 
Kprve<l  as  fuel  for  the  next  charge  (Fig.  3). 
This  was  an  intermittent  working  retort.  It 
held  IScwt.  shale,  and  was  emptied  and  reohaiged 
every  16  hours.  Four  retorts  were  in  an  oven 
over  one  furnace  and  one  was  dropped  every 
t  huurs.  The  fuel  bill  was  greatly  reduced,  and 
the  power  to  overheat  was  taken  from  the 
men  and  a  greatly  improved  crude  oil  was  the 
result.  This  rct/irt  wn^  widely  ndnptrd  for 
.some  time.    The  distillation  was  downwards. 

The  mo<l»"rn  type  of  retort  was  the  invention 
of  fleorge  Ik'ilby  and  William  >'oung,  exp<>ri. 
menting  at  tirst  in<lejM-ndently  and  afterwards 
in  partnership.  The  V'oung  anil  Beilln  retort, 
1881»  Fig.  4,  was  a  continuous  working  one, 
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vertical,  with  upward  distiliation.  The  upper 
part  made  of  east  iron,  the  loirar  pari  of  fire- 
brick, with  a  great  hopper,  on  the  top  of  all, 
common  to  four  retorts.  They  were  heated  by 
ga.s  fael  in  flu^s  around  the  retorto  giving  a 
lone  passage  to  the  burning  gases.  The  shale 
took  18  hours  to  paae  down  tm-ough  the  retort. 


JTiO.  3. 

Steam  introduced  at  the  bottom  was  CQPer- 
heated  at  once  by  the  hot  spent  shale.  The 
tempentnre  was  not  higii  enough  lor  complete 

wator  gas,  but  the  oxygen  of  the  H,0  acted 
on  the  carbon  of  the  spent  shale  to  give  CO  and 
CO,  in  proportion  according  to  the  temperature, 
while  the  nascent  hydrogen  reacted  on  the 
nitrogen  of  the  shale  to  produce  NH,.  The 
lower  or  bri(  k  part  of  the  retort  is  tlius  an 
ammonia  and  gas  producer,  and  is  worked  at  a 


Flo.  4. 

high  temperature,  as  high  as  can  be  ventured 
without  fusing  the  ash.  The  permanent  aas 
prmhieeil  was  over  10,000  cu.  ft.  aL'.iiiist  2uo(i 
or  .IrKHI  of  the  earlier  retortii,  and  the  aiiinionia 
was  doubled.  The  oil  di.st illation  took  place 
In  the  iron  part  of  the  rotort  at  a  much  lower 
temptfatore.  Tlw  gaees  from  the  brick  part 


were  passed  up  through  the  fresh  shale  in  the 
iron  part,  supplying  iMat,  cushioning  the  large 

molecules  against  oecomposition  ana  sweeping 
the  prwiucts  rapidly  out  of  the  heat.  The 
presence  of  ammonia  increases  tlie  yield  of  solid 
paraffin  (Tervet).  The  exit  for  the  products  of 
distillation  was  from  the  top  of  the  great  hopper. 
The  crude  oil  condenses  on  the  cold  mIi  iIc  at 
the  top  to  be  redistilled  as  the  shale  slipe  further 
down,  and  it  wtm  eiaimed  that  a  dimllation  of 
the  cni'lf  fill  in  refining  was  saved.  For  extra 
fuel  gas  re<iuired,  a  coal  gas-producer  retort  was 
placed  here  and  there  in  the  bench  among  the 
retorts,  and  the  ammonia  recovered;  Imt  such 
coal  retorts  were  soon  disused. 

All  the  present  retorts  are  of  the  Young  and 
Beilby  type.  The  form  used  by  Young's 
company  is  very  lilee  the  old  Young  and  Beilby 
(Young  and  Fytm,  No.  ISMQ,  1897;  and  No. 
16238.  1899). 

The  retorts  known  by  the  names  of  Fyfe, 
Brysnn,  Crichton,  and  Henderson  have  this  in 
common  that  they  have  a  mechanical  arrange- 
ment at  the  bottom  of  the  retort,  supportmg 
the  whole  column  of  shale  and  ^pent  shale, 
going  constantly  and  regulating  the  amount 
put  through.  Bryson's,  for  instance,  is  a  table 
with  a  revolving  rake,  Henderson's  is  two  toothed 
rollers  dowly  vevelring. 

Henderson  lenpthenod  the  Hslorts  boldly  and 
used  Wilson's  gaH  producer  for  supplementary 
fuel ;  but  the  larger  size  now  used  is  so  if*fiT'niM'ni**iii 
of  heat  that  a  22-gallnn  shale  requires  no  extra 
fuel  of  any  kind,  and  has  often  excess  of  perma- 
nent gas  so  that  after  heating  the  retorts  some  is 
left  to  help  in  raising  steam.  Ilie  Hendetaon 
retort  (Fig.  6)  is  now  made  in  th«  metal  part 
14  ft.  long,  in  the  brick  part  20  ft.,  and  the 
total  height  to  top  of  hopper  is  ft3  ft.  The 
seotioii  is  oblong,  2  ft.  9ui.bylft.Sin.at 
the  top  of  the  metal  part,  and  4  ft.  8  in.  by 
1  ft.  10  in.  at  the  bottom  of  the  brick  part. 
Each  retort  puts  through  4}  tons  in  24  houn, 
and  the  shale  is  in  the  retort  for  27  hours 
(Patents  No.  0726, 1889;  and  No.  26647.  1001). 

In  the  Brvson  retort  (patented  by  Brvson, 
Jones,  and  Fraser,  No.  8371,  1894;  No.  7113, 
1895;  and  No.  4280,  1897)  (Fig.  6)  the 
sertion  is  circular.  This  form  gives  strength 
and  longevity  and  it  can  stand  a  higher  tempera- 
ture of  working  than  other  forms.  The  iron 
partis  15ft.  and  the  Ijrirk  part  17  ft.  10  in.  long  ; 
the  diameter  2  ft.  at  the  top  of  uietAl.  2  ft  4  in. 
at  bottom  of  metal,  and  3  ft.  at  bottom  of 
brick  part.  The  bottom  hoppers  of  the  retorts 
of  tile  two  rows  in  a  bench  converge  so  that  a 
single  line  of  rails  nnder  the  centre  of  the  bench 
receives  the  spent  shale  from  both  sides  into  a 
hutch,  and  reduoes  labour  to  a  minimvm. 

These  large  modem  retort.'^  are  never  stopped 
for  cleaning  or  any  other  purpose.  The  yidd 
of  ammonia  is  triple  that  Off  any  retOTt  previoBt 
to  Young  and  Beilby's. 

The  temperatures  of  the  flues  around  the 
Henderson  retort,  determined  with  the  F6ry 
radiation  pyrometer,  are,  near  the  bottom  of 
the  brick  part,  1000*C.  (I832*'F.),  near  the 
top  of  the  briek  part  S-WC.  f  1  .')fi2''F. ),  and 
ill  the  oven  of  the  metal  part  ti7U"C.  (1238°F.l. 
The  temperatures  used  in  the  Brjrson  are  much 
higher. 

The  products  of  retorting  arc  crude  oil,  fuel 
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pas,  ammonia  waU-r,  and  spent  Hhale.  The  great 
hills  of  spent  sbalo  are  a  conspicuuus  feature  in 
the  ahale  districts.  The  spent  sh:ilc  of  the 
retorts  previous  to  Henderson's  1873  patent 
contained  10-12  p.c.  carbon  and  a  large  pro- 
portion of  the  sulphur.  It  ^ve  trouble  in  the 
great  heap«  or  bings  by  igniting  spontaneotisly 
and  burning  quietly,  pivinp  off  volumes  of 
fumes  oontaining  SUg  and  H^S.  The  well- 
ezhanfltad  spent  shale  of  tbe  preteot  dar  is 
free  from  tnat  nuinance.  'Ibn  original  ahale 
contains  I|  p.c.  sulphur. 

The  orude  oil  of  the  old  vertical  retorts  was 
dark  and  tarry,  sp-gr.  0-880-0  -SOr).  HetulerRon's 
1873  retort  produced  a  cnido  oil,  sp.gr.  0-806- 
0  S70,  which  yielded  2J  yt.c.  more  total  prodvots, 
all  oi  iinproTed  qaality,  and  contained  %h  9.0. 
mora  soMd  pwamn.  The  Young  and  Beflby 
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retort  gave  a  slightly  increased  quantity  of 
crude  oil  and  of  solid  paraffin.  The  Bryson 
retorto  ara  worked  at  a  high  temperature  to 
produce  a  crude  oil  of  O  S80  sp.gr.  rich  in 
paraffin  but  somewhat  diHicult  to  refine.  The 
present  Henderson  retorts  are  worked  at  a 
mild  teinpersture  to  give  a  crude  oil  of  sp.gr. 
0-868  ana  of  good  quality. 

Retort  condentrrii. — The  vf4>ours  are  led  first 
through  a  tubular  tower  in  the  pipes  of  which  i 
the  water  for  the  steam  boilers  is  heated ;  then  I 
thront,'h  condensers.    Many  furrns  have  been 
tried,  but  the  universal  arrangement  now  is  . 
great  benches  of  4-in.  pipes,  cooled  by  the  I 
atmosphere,  and  sometimes  having  a  little  water 
sprinkled  over  them,    'i'he  pipeK,  27  or  30  ft. 
high,  ure  arranged  vertically  and  fixed  below  | 
in  two  rows  into  chests,  two  dozen  pipes  for  the 
desoeoding  gi^os  and  tbe  same  number  for  the 
aaeending,  with  .vf  hnl  Lcnuu-ctionN  at  the  top. 
There  is  about  Kmj  iiijeal  feet  of  this  piping, 
or  100  cub.  ft.  of  surfaoe,  foreaoh  ton  of  shale 
put  through  per  day  p«T  retort.    The  water 
and  oil  condense  separate  from  each  otlter  at 


once  in  a  box  called  a  separator  and  are  run  into 
their  several  reoeivfaig  tanks.  The  gases  pass 
from  the  condensers  through  scrubbing  towers ; 
one  or  two  in  series  of  water  towers  to  catch 
the  ammonia,  and  one  or  two  of  oil  towers 
(oil  sp.gr.  0-860)  to  catch  the  last  of  the  con> 
densalHe  aphit.  The  gas  is  then  oanght  by  a 
fan  which  Hucks  the  {rnscs  through  the  tow«'rs  and 
condensers  and  pushes  it  forward  to  the  retort 
fines  where  it  is  bomed.  The  Ian  eansea  » 

suction  equal  to  6   

in.  of  water,  and 
this  vacuum  passes 
back  to  the  retort, 
being  equal  to  J-2 
in.  water  at  the 
retort  exit.  After 
boming  in  the  flnes 
of  the  retorts  the 
products  of  oom- 
oustion  are  passed 
off  into  the  atmo- 
sphere by  little 
chimneys  at  the 
top  of  the  retorts, 
or  are  gathered 
into  a  common  flue 
and  taken  to  a  tall 
chimney stsllc.  J.J. 
(Vileiii.'in  had  a 
metliod  of  extract- 
ing  gasolene  feom 
t  he  pe  rm  n  n  0  n  t  gases 
by  cold  and  pres« 
sure.  It  was  ex- 
pensive, and  has 
not  been  nsed  for 
many  year?.  The 
tilling  for  the 
sembbing 

various. 

T}ie  ammonia 
water  distillation  is 
carried  out  in 
oolnmn-stills  (Fig. 
7)»  generally  of 
entmlar  section, 
and  filled  with  a 
dozen  or  more 
trays.  The  feed 
water,  after  being 
heat«d  in  an  ex- 
changer 1^  the 
spent  ammonia 
water,  travels  down 
the  column  from 
tray  to  tray,  while 


Fiu.  7. 

EkV,  wnue  steam  introduced  at  the 
bottom  bubbles  through  each  tray  and  libnates 

the  free  ariiiiinni.i.  Milk  of  time  is  pump>ed 
into  one  oi  the  trays  near  the  bottom  to  release 
the  fixed  ammonia.  The  ammonia  gasen 
arc  led  from  the  top  of  the  still  down  to  a 
'  cracker  Ik)x  '  or  .saturator  containing  dilute 
sulphuric  add,  and  into  which  ofl  of  vitriol  is 
constantly  run  in  a  thin  stream,  and  the  ammonia 
is  distributed  from  perforated  lea<l  pipes  laid  near 
liottoni.  The  bottom  is  8lope<l  and  the  solid 
ammonium  sulphate  formed  is  swept  into  a 
well  from  which  it  is  lifted  by  a  steam  injector 
and  thrown  into  a  conveyinir  tub  above,  and  the 
liquor  lifted  drains  back  into  the  cracker  bo>. 
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while  the  Halt,  after  draining,  is  emptied  into  a 
inn.  Here  it  drains  or  dries  for  a  week  lu  fore 
being  ready  for  basginc  for  the  market .  The  salt 
is  now  often  centrtfugaled  direct  from  the  satura- 
tor  when  it  is  ready  for  the  market  at  once. 
Acid  water  reoover«d  from  the  «icid  t»r  of 


In  Australia  little  xlialo  is  being  distilled  at 
the  present  time;  but  two  large  companies  arc 
erecting  retorts  and  refineries  in  New  South 
Wales,  about  130milea  from  Sydney.  From  the 
mines  are  to  be  j^ot  shale,  torbanite,  and  commoa 
u:  of  I  ooaL  The  mimng  ii  mostly  done  on  the  iong> 
the  oO  refinery  is  satorated  with  aminonia  in  a'|  wmO  system,  and  no  explosiTos  used.  Hie  shale 
sitnu'wh  it  similar  manner.  The  saturafii  ii  h.is  expands  whenever  tlie  prc-i<uri-  is  removed 
to  be  complete,  ho  as  to  separate  the  impurities,  from  it*  and  when  undermined  by  the  pick  it 
The  exoesB  of  ammonia  which  escapes  is  caught  |  soon  iaUm  down  in  pieces. 


in  a  vessel  at  a  higher  level  containing  the  next 
charge  of  acid.  The  basic  tar  rises  t-o  the 
surface  carrying  with  it  the  arsenic  and  the  iron 
oxide,  and  is  used  as  fueL  The  solution  of 
ammonium  sulphate  requires  to  be  evaporated 
down.  The  oil  of  vitriol  in  the  cracker  box, 
previously  described,  refuiires  diluting,  and  this 
solution  is  nsed.  Ai^  sohifaon  left  is  evaporated 
down  in  a  vacuum  pan  something  fike  those 
used  for  suear,  and  the  salt  i.s  8ent  into  a  ceutri- 
fngal  machine  to  dry  it. 

The  steam  from  the  cracker  boxes  containing 
CO  J  and  some  tl^S  is  passt^d  int-o  the  slmle 
retorts  along  with  steam  from  the  steam  lioiit  rs. 

Tlie  spent  water  has  a  strong  smell  and 
dark  colour.  It  is  pumped  up  and  distributed 
over  the  lint  spent  sli.tle  on  the  bing  where 
some  is  evaporated  and  the  rest  is  filtered  and 
passea  off  at  the  bottom  of  the  heap,  clear, 
colourless^  and  almost  free  from  smell.  Other 
dirty  water  is  claritied  in  the  same  way. 

In  Germany  there  are  a  dozen  brown  coal 
distillation  works,  all  in  the  Halle  region.  Over 
a  million  tons  are  distilled  annually  from 
1300  retorts,  producing  00,000  tons  of  crude  oil, 
sP'gr.  0-860  0  UIO,  and  7000  tons ol  paraffin  wax. 
^fiie  burning  oil,  sp  gr.  O-SSS-O-^O,  requires 
special  lairners:,  .md  much  is  now  used  for 
internal  combustion  engines.  The  heavier  oils, 
oalled  yellow  oil,  red  oil,  and  paraffin  oil  are 
used  for  internal  combustion  in  Diesel  engines, 
and  for  ga.s  nuiking,  g;ui  cmit  liing,  an<l  liquid 
fttel,  and  not  much  for  lulu  icating.  T]\e  retorts 
tised  (Fig.  8)  are  vertical  and  of  circular  section. 
The  outer  wall  is  of  tirebrick  surrounded  by 
heating  flues.  The  inner  wall  is  formed  of  iron 
rings  built  together,  louvre  fashion,  with  openings  sod  a 
between  them.  Tho  shale  moves  down  oon-  ' 
tinuouslyin  the  .spare  between  the  iron  rin^s  and 
the  brick  wall,  and  the  central  tube  formed  by 
the  rings  reoeives  and  carries  off  towards  the  con- 
densers the  products  of  distillation.  The  retorts 
vary  in  size.  A  cylinder  16*  ft.  high  and  ft. 
wide  puta  througli  20  tons  of  brown  coal  in  24 
honia.  The  heating  is  done  by  coal,  by  gas, 
or  by  a  mixture  of  both. 

In  Fratu  I-  sh  ilt  is  distilled  in  three  oilworks. 
one  at  Autuu  (6a6ne-et-Xioire)  and  two  at 
BmzS^'lea-lfinea  (AlHer).  160  retorts  are  in 
operation,  distilling  150,000  tons  yearly,  and 
producing  2,44O,00t>  gallons  crude  oil.  The 
newer  retorts  are  of  the  Youni:  iuid  Tieilby 


TI.  7'A«  refinrri/  operiticms  art 
with  fractionation  into  tiie 
treatmento  with  oil  of  yitriol 


di-t  illations 


Huvurai  products; 

id  canstio 


Fig.  8. 

the  reooTflty  ol  the  chemicals  and 
the  preparation  of  the  tars  for  liquid  fuel ; 
cooling  ;ind  refiiL'ei ution  of  the  heavy  oil.  and 
iilter-pre.ssing  to  separate  the  liquid  from  the 
solid  ;  and  the  sweating  of  the  paraffin  for  its 
refining.  Associated  with  the  refinery  is  the 
despatch  department  with  the  oil-filling  into 
banels  and  railway  tanks. 

The  MiJh  are  built  in  great  benches  with 
rows  of  high  tanks  built  on  roumlels  «if  circular 
hri.  kwoik.  fmin  \s  iiich  (he  oil  flows  by  gravita- 
tion into  the  stilis,  and  rows  of  tanks  at  a  low 
level  to  receive  the  distiUates.  The  qrstem  used 
by  all  the  works  is  Henderson's  continuous 
process  {see  Fig.  !))  or  a  modification  of  it. 
There  are  oylindrical  boiler-stills  lying  alongside 
The  yield  of  crude  oil  is  about  17  gallons  |  each  other,  or  sometimes  waggon-shaped  stills 
to  the  ton.  sp.gr.  0  012;  and  contains  less  than  for  the  cnide  oil.  connected  t<tgether  into  a 
3  p.c.  paraffin.  Thecrudeoil  is  difficult  to  refine,  sericK  throuL;h  wliidi  the  ml  th.ws  Continuouslv, 
and  the  burning  oil  is  rather  poor  in  quality,  i  distilling  otT  a  fraction  from  eaeh  still,  ariti 
The  gas  oil  is  in  large  proj)ortion.  The  lubricat- '  venting  finally  into  one  of  a  m  .u|»  of  residue 
ing  oil,  however,  is  of  very  goo{l  quality.  'I'lic  stilN.  I'.y  mems  of  ,i  pipe  within  ,i  j>ip(»  the 
ammonium  sulphatu  varies  from  13  to  22  ll)s.  oil  flowing  from  the  charging  tank  is  heated  by 
per  ton.  Two  companies  torn  ont  coal  from  i  the  vapiurs  (h'stillini;  from  the  Mconnd  Itniler  of 
the  Hhnle  mines  and  the  otiier  one  works  (orbanite  the  series,  find  is  hmded  liot  inside  the  front  of 
to  sell  to  the  gasworks;  none  work  shale  alone,    the  first  still.    It  travels  from  front  to  back. 


Digitized  by  Google 


PARAVEIN. 


97 


dittOIuig  off  the  lightest  oil,  which  is  condensed 
in  a  worm  tank  condenwr.  The  oil  not  di.stilled 
iH  t^kkt•n  liyti  pipi-  and  landed  inside  tlu!  fmut  of 
the  sucond  stilJ  of  the  scTiets,  and  it  travels  from 
front  to  baok  distilling  I'tl  u  second  and  heavier 
fnwtion  ;*  and  on  it  goes  through  other  boiler 
Btills  it  may  bo,  until  at  IjuhI  tht^  residue  oil  is 
pasaed  into  a  still  with  pot-sha^d  ca»t-iron 
bottom.  The  residue  still  before  being  connected 
has  a  fire  applied  and  steam  passed  tnrou;^h  the 
still  until  all  the  air  is  blown  out,  m  as  to  prevent 
ezploeion.  Then  the  oil  from  the  last  boiler  still 
is  run  in  for  some  hoars  until  the  residue  still  is 
sufficiently  loaded  when  the  oil  is  shut  off  from 
this  still  and  turned  into  another  one.  The 
disoonneoted  still  is  then  distilled  to  dryness 
Mid  oofced.  There  are  safety  Tatree  on  the 
residue  stills  in  case  the  condenser  should  choke 
np  with  solid  paraffin.  At  first  two  long  troughs 
were  suspendecl  near  the  botloin  of  the  cylindrical 
.  boiler  stills  to  catch  any  coke  or  dirt  in  circula- 
tion ;  but  these  have  been  long  disused.  In 
aU  the  distillations  steam  more  or  less  super* 
heated  is  passed  into  the  distilling  oil  as  it  lowers 
the  boOing-point  and  helps  to  carry  the  vapours 
over  info  the  condetisi'ts.  The  first  or  crude  oil 
distillation  is  meant  to  be  to  some  extent  a 
deelfuoliTe  one.  If  the  ohemioal  treatmente 
with  acid  and  soda  were  given  direct  to  the 
crude  oil  the  loss  would  be  great ;  or  if  too  much 
steam  is  need  the  oil  distils  over  unchanged 
with  the  same  rexult.  So  the  steam  is  limited 
for  the  first  distillation  and  also  near  the  end  of 
the  second ;  but  for  the  third  distillation 
of  the  heavT  or  lubricating  oil  exoeee  of  steam 
is  used;  it  ndpe  to  keep  the  ^leooeity  of  the  oil 
high.  In  the  lubricating  oil  distillatioii  iilbo 
dry  caustic  soda  is  put  into  the  still,  2-5  lbs.  per 
100  gallons  of  oil.  The  eondensets  are  ooOs  of 
]iip«  s  laid  in  square  iron  tanks,  carrjing  the 
vapours  downwards,  and  cold  water  is  iwaaed 
into  the  bottom  of  the  tank  outside  the  pipes 
and  overflows  hot  at  the  top,  and  the  flow  of 
water  is  regnlated  to  suit  the  volatility  and 
setting-point  of  the  distillate.  The  condensed 
oil  coming  from  the  bottom  of  the  condenser  is 
peeeed  tmrongfa  a  U-bend  of  8  in.  depth  on  ite 
wajtothe  recfiver,  but  !)ef()re  the  bend  a  pipe 
xieee ▼ertically  to  take  away  the  gases  to  prevent 
them  being  disagreeaMe  or  dangerous  at  the 
worm  end.  The  gases  used  to  pass  into  the 
atmosphere  8t)me  yards  up,  now  they  are  all 
onaght  and  used  for  fuel  or  illumination.  They 
.are  vny  rich  and,  from  the  second  distillation 
eepedaily,  very  pure.  At  coking  of  the  residue 
Stuls  and  approaching  the  coking,  torrents  of 
permanent  gas  containing  some  light  spirit  are 
given  off.  Eaeh  wotka  had  its  own  method  of 
catching  the  go^es.  In  Henderson's  system 
the  gases  arc  caught  by  a  suction  pump  through 
n  lute  in  a  main  common  to  a  whole  bench,  the 
suction  being  automatically  regulated  so  as  not 
to  suck  air  bvnik  through  the  bend  of  the  oil 
exit. 

In  the  first  distillation  many  residue  stills 
are  required,  in  the  latev  ones  the  distillation  is 

mostly  done  in  the  boiler  stills. 

First  distillaiim. — ^The  crude  oil  is  some- 
times distilled  from  waggon-shaped  boiler  stills 
of  this  section  (Fig.  9i),  but  oftener  horizontal 
cylinders  7  ft.  diameter  by  19  ft.  to  a  ft.  by 
30  ft.  are  used,  the  charge  being 200-4000 gaUouB. 
Vol.  IV.— r. 


The  boiler  stills  are  connected  sometimes  two  in 
a  Bcries,  sometimes  three;  or  occasionally  a 
central  charging  still  supplies  a  boiler  stdl, 
or  oven  two,  at  each  side.  In  all  cases 
the  tails  run  to  residue  stills.  When  two 
boilen  nra  in  a  series,  the  dbtilUte  d  the  flut 
is  OnrnJO-THK  of  the  second  is  0-820-0«8fiO^ 


while  the  third  in  the  series,  the  residue  niiU 
runs  from  or  so  when  first  connected  to 

0«0i80  or  higher  at  the  end  of  the  distillation. 
At  the  end  t^f  the  rebidue  still  distillation  there 
comes  over  a  yellow  vihcous  product  called  still 
grease  or  chryscne  which  is  used  for  grease 
making,  or  for  liquid  fuel. 

For  an  output  of  60,000  gallons  a  dav 
i  4  or  ff  boilsr  stiib  nie  iei|absd  lot  the  omde  oil 
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dbtaUtion  with  about  22  rcsidu     i  ll^  of  2000  , 

truHona  capacity  each.    TIk-  residue  stiilB  are  con- 
nected for  4-6  hours  each  before  disconnecting  ' 
to  diatil  to  dryness.   The  still  coke  is  copious 
and  vsluable.  ' 

Tho  distillate  of  the  first  bo3«r  still  is  kept 
apart  as  <jr(:«  n  nnphthi,  the  distillates  of  the 
others,  boiler  stills  and  residue  stills,  are  generally  j 
mn  together  as  green  oQ.  j 

Trmtmpnt^. — Tho  prrrn  naphtha  gets  2  p.c.  , 
oil  of  vitriol  and  is  stirred  methanicuily,  the  j 
black  tar  settled  Mid  run  off,  and  tlie  ^  il  is  run  | 
off  into  another  vessel  where  it  gets  atirred  uith 
about  1  p.c.  of  caustic  soda  solution  of  1  -3  sp.gr.  , 
The  napntha  is  then  ready  for  another  distilla- 
tion wita  steam  alone,  and  after  that  it  is  colour- 
less, but  generaOy  gets  anotliac  tnatment  with 
Hrid,  \  ]).c.,  and  ciiustic  sodft  ftttd  a  finishing 
distillation,  to  improve  the  undl.  I>istUlates 
are  aometifnea  separated  as  light  as  0*660,  bat 
tho  usual  jrravittcs  arc  hot  wren  0'700  nnd  0-7.50, 
0'7OO-0-720  being  sold  as  motor  spirit,  and  the 
higher  gravities  for  solvents,  kc. 

'I"hr  s^re<m  oil.  sp.irr.  O-s.'S.T,  gets  a  2  p.c. 
treatment  with  oil  uf  vitriol,  the  black  tiir  settled  , 
and  separated  and  the  oil  run  into  another 
vessel,  where  it  gets  1  p.0.  of  caustic  soda  sola- 
tlon,  and  after  settling  and  mnning  off  the  tar, 
it  U  ready  for  anothrr  rlis! illation.  All  the 
stirrings,  except  for  the  naphthas,  are  done  by 
oompressed  air.  The  green  oil  is  stirred  with 
the  chemicals  in  larpe  vcsscIm,  30,000-40,f>0O 
gallons  cap6w.'ity,  cyUnfiers  on  end  with  cupped 
bottom  into  the  centre  of  which  the  air  is 
pressed.  In  the  later  stirrings  tho  vessels  are 
sometimes  horizontal  <;ylinders  with  the  air 
(list  I  lijiitt'd  along  the  whole  length  of  the  bottom. 
After  the  atirringa  the  vesaola  are  closed  tight 
and  the  air  presniro  pnt  on  the  mr&ce  to  send 
file  nil  (ip  info  flic  i!i;ir;^iii:^'  tanks  fur  next 
distillation.    Sometimes  the  oil  is  puin{>od  up. 

Thf.  second  or  greeti  oil  dtHillntinn. — For  a 
.10,000  dlniis  a  day  of  crufle  oil.  five  hnib-r  stills 
aro  required,  two  receiving  the  charge  and  the 
other  three  in  series,  and  the  tail  to  residue 
BtiUs  of  which  there  may  be  ten  or  more. 

1.  The  distillate  of  the  two  charging  stills 
is  about  O'SOO  sp.gr.  It  requires  {  p.c.  oil  of 
vitrtol  and  oaostio  soda,  and  a  final  distillation 
before  the  ftntshmg  treatment. 

2.  Tho  second  b' tiler  in  the  serii  s  bus  sp.gr. 
about  0-81.'i.  It  sometnnes  gets  two  treatments 
of  ^  p.c.  oil  of  vitriol  and  cauiitio  soda  and  two 
distillation?'  Iiffine  it  is  ready  for  the  market, 
sometimes  only  one  treatment  and  distillation. 

.3.  The  third  l)oiler  distillate  is  abojit  0-840, 
and  after  the  paraffin  is  cxtrneto<l  is  read.y  for 
market  as  gas  oil  or  fuel  oil  of  O-SiiO  sp.gr.  Some- 
times it  is  treated  and  distilled  with  finiahing 
treatment  for  intermediate  products. 

4.  The  fourth  boiler  distillate  and  the  dis- 
tillate^ of  tho  residue  stills  nm  together,  give  ' 
heavy   oil    containine   paraffin,    which,  after 
separatii  ii  of  the  Solid  paraffin  Jus  afterwards 
described,  is  hlw  oH.   This  gets  1  p.c.  oil  of  vitriol 
and  caustic  rcxIh,  and  in  distilled  a^rain  and  ■ 
fractionated  into  the  various  grades  of  lubricating 
oil,  sp.gr?<.  0-8t'>."),  0  S7.J,  (i-S^n,  and  U-89r»  when  j 
the  pfiniffin  is  auain  extracted  after  ohiJIing  to  a  | 
very  low  temperature.    The  blue  oil  li^t illation 
is  sometimes  carried  out  at  rmce  in  5000  gallon  i 
pot-stills  (see  l-'ig.  10)  with  dry  oftustio  soda  and  | 


excess  of  steam,  sometimes  it  gets  a  concentra- 
tion by  passing  through  two  boiler  stills  and  tho 
residue  distilled  in  the  pot  stills  with  caustic  soda. 
The   crude   oil  and   


green  oil  rcsidae  stills 
and  often  the  Inbri- 

eating  oil  .stills  are  as 
shown  in  Fig.  11. 
Different  works  hnVe 

somewhat  difforcnt 
distilling  arrange- 
ments and  treat- 
ment^^,  and  evcii  the 
same  wurks  in  aIwa^.-< 
changing  somewl^t 
to  sttitoiroumstanoes. 


FiniiMnff    trrat'  yiq.  10. 

ment^. —  Burning  (»il 

is  treated  with  1  p.c.  oil  vitriol  and  weak 
oaostio  soda  soSntion  of  about  1*04  sp.gr.,  and 

after  settUng  with  a  little  caustic  soda  sohttion 
of  1-3.3  sp.^.  is  filtered  through  a  filter  press 
with  paper  Instead  of  eloih.  It  is  nearly  watcr- 

white. 

The  heavy  oils  arc  treated  with  2-4  p.c.  oil 
of  vitriol  according  to  gravity,  are  settled  all 
night,  then  finished  with  solation  of  sodium  oar- 
bmiate,  as  weak  eanstic  darkens  heavy  oil,  ta\d 

after  settling  bri^'ht  ]>umpod  to  the  fillin<^  tanks. 
It  sometimes  requires  two  or  more  days  to  settle 
the  heaviest  Inbrioating  oils  to  brightness,  and 
the  following  method  has  been  tried  for  rapid 
clarifying.  After  the  sodium  carbonate  tar  la 
nm  off,  open  steam  is  blown  in  until  boiling 
freely  through  the  oil,  then  .settled — and  it 
settles  rapidly  at  the  lugh  temperature— and 
the  soila  water  is  run  off  completely.  Finally,  air 
is  blown  thiougli  the  hot  oil  until  t!he  oil  is  bright. 

"nie  soda  tar  of  the  fiiushing  treatments  is 
white. 

The  vitriol  tar  is  washed  with  hot  water, 
stirring  the  mixture  with  air  and  settUng.  Thia 
is  done  twioe.  The  water  seiBss  the  sulplmric 

-f^-''^- ir"^'  "r^ 

PlO.  11. 

aci<l,  and  set.s  free  the  t.irry  b;Lses.  These  are 
settled  free  from  water,  an<l  burned  under 
tho  boiler  stills,  &e.,  sprayed  with  8Uj)erheated 
sti>am.  The  reoovered  acid  is  sent  to  the 
sulphate  house  to  get  saturated  with  ammomn 
as  alrcadv  des.  r  i')e(I. 

SeimratioH  oj  Ihe-  f^olid  parajfiv.— One  method 
is:  The  hea'vy  oil  oontaimng  solid  paraffin 
h  air-roult'd  in  shallow  tank.s  in  rnvrrrd  sheda 
open  U»  the  wind,  and  in  long  tyiiiulera  with  an 
inside  stirrinp  paddle.  After  this  it  is  trans- 
ferre<I  to  a  c<Ktler  which  is  a  tank  divided  into 
G-in.  wide  spaces  for  the  paraffin  mass  by 
1-in.  partitions  containing  circulating  brine  of 
calcium  chloride  from  an  ammonia  freezing 
machine.  The  chilled  part  in  oonstantly  removed 
from  the  part  ition  1)\  a  spi  ing  scraper.  Thr  n  i^? 
lies  in  the  cooler,  in  lirst  cooling  for  i\  hours, 
in  second  eooUng  from  32-20  hours,  aoeoxding 
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togp.gr.  Alter  being  broken  up  by  a  mLoliiuiirrtl 
stii ror  the  mam  is  passed  with  considcialjli" 
pressure  throush  filter  pies^-s.  The  cakes  of 
p»rattia  scale  dropped  from  the  filter 'presses 
eometimee  after  melting  up  and  reerystnllifling 
are  sent  direct  to  the  sweating  stoves  without 
pressing  ia  hydraulic  plate  presaes.  In  other 
cases  it  k  piate-prtseou  to  aeprnte  the  hut  of 
the  oil. 

Another  method  ia  :  The  mixture  of  heavy  oil 
and  paraffin  is  cooled  in  a  tower  by  air  current, 
theg  paeaed  into  a  long  ve^  containing  a 
sturer  whttre  It  is  cooled  By  a  cold-water  jacket, 
afterwards  passed  into  a  conlcr  with  stirrer 
where  it  is  chilled  by  a  jacket  oi  the  cold  oil  from 
the  filter  preeaea,  then  at  hwt  into  a  tube  which 
m;iv  \>o  vertical  or  horizontal,  17  in.  diameter, 
with  a  Hera{>cr  inside  surrounded  by  a  wider 
tube  containing  liquified  ammonia  gaa  which  is 
evaporating  rapidly  into  the  vacuum  nf  a  auction 
pump.  The  oil  and  paraflin  mass  thus  get« 
the  final  refrigeration  and  passes  under  hi|^ 
pressure  from  a  pump  direct  to  the  filter-presses. 
Hie  separated  oil  on  its  way  out  chills  the  oil 
coniiriL'  in  a.-  st-ated  and  pus.ies  to  a  tank  to 
be  worked  up  for  lubricating  oiL  The  solid 
puwfBn  falling  from  the  filter  presses  is  broken 

f»nd  conveyed  by  archimeflian  screw  into  the 
te-press  house,  where  it  is  pressed  in  cloths 
hydraulic  presses,  and  the  last  of  the  oil 
expelled.  After  this  the  pamffln  is  rsMiy  lor 
sweating. 

This  direct  application  of  the  oold  is  more 
economical  of  the  refrigerating  power,  and 
although  gradnnl  oooling  m  appmd  as  much  as 
possible,  yet  the  .sudden  ohill  at  the  end  causes 
some  paraflin  to  sepaiate  in  the  amorphous 
state,  and  more  filter  pwtsses  are  requireatlian 
with  the  more  gradufU  cooling  with  the  brine. 
The  brino-cooled  paraffin  is  more  crystalline, 
and  therefotetho  liquid  separates  from  the  sdid 
much  more  reatlily  in  the  filter  presses. 

ParafTin  is  refined  by  a  sweating  process, 
flakes  <if  paraflin  made  by  cooling  and  crystallis 
iM  tho  melted  HoUd  are  heated  up  gradually, 
#nen  the  oil  and  soft  paraffin  sweat  out  carrying 


Fio.  12. 

the  colourina;  matters  along  with  them.  N.  ^I. 
Henderaon's  nietliod  is  tl^  only  one  used  in 
Scotland,  and  it  is  in  general  use  over  all  the 
world  (see  Fig.  12).  In  a  great  oblong  chamber 
are  buUt  nine  tiers  of  iron  trays,  in  two  stack.s, 
making  18  trays  in  idl.  Th.  v  are  0  in.  ,|eep,  with 
a  wire  gauve  shelf  6xed  2  iou  above  the  bottom. 


The  trays  are  first  filled  with  water  up  to  tile 
level  of  the  wire-gauze  shelf  from  a  pipe  at  tho 
end,  wlii(  h  ha.-^  a  cock  to  each  tray  ;  then  2  or  3 
in.  of  iiquidoaraihn  are  run  on  the  top  of 
the  water.  The  great  end  doom  of  the  chamber 
are  open,  and  large  apertures  in  (he  rouf  bo  that 
cooling  takes  place  by  natural  draught.  Some- 
I  times  artifioial  wind  from  a  fan  8a<A  as  is  used 
'  for  mines  is  applied.  When  the  parafTin  is 
cooled  and  soliditied,  the  water  is  run  oB.  from 
below,  leaving  the  great  cakes  lying  on  tile 
gauze  slielf.  By  turning  a  birge  screw  the  trays 
are  slightly  tilted  to  help  the  draining.  The 
doors  are  shut,  and  .spent  steam  liom  pomps  and 
engines  is  turned  into  heating  pipes  ranged  up 
the  sfales  of  the  apartment,  and  the  temperature 
gradually  rises.  The  oil  and  softest  i»arafl5n 
gradually  drain  out  from  the  hard  crystals,  and 
tho  sweatings  are  fraetbnated  into  receivers 
accordinir  to  setting  or  soHdifj-ing 
point  and  colour.  When  sufficiently 
sweated,  live  steam  is  turned  on  to 
pipes  which  aapport  ahd  separate 
tho  trays,  and  tne  refined  wax  is 
melted  and  mn  out  into  its  own 
tank.  Semi-refined  wax  i«  got  by 
one  sweating,  and  a  repetinon  of 
the  sweating  produces  refined  w&x; 
sweating  in  itself  being  sufficient. 
Hut  sometimes  the  refining  is 
finished  by  melting  the  semi-retined 
wax,  mixing  33  p.c.  of  spirit  of  bp. 
gr.  0-735,  cooling  into  cakes  and 
pressing  them,  folded  in  cloth,  in 
hydrauBc  plate  presses.  The  ex- 
jpressed  spiritcarries  away  all  colour. 
The  smell  of  spirit  is  removed  by 
steaming.  Sweatit^arethemsdves 
sweated  at  a  lower  temi>erature  to 
get  low  melting-point  waxes. 

N.  M.  Henderson  has  adopted 
another  method  (A  sweatinr;  (^cf 
Fig.  13).    The  plant  is  cheaper, 
easier  to  erect,  and  more  eoonomleal 
of  space,  and  it  gives  a  more 
thorough  separation  of  oil  from 
parafhn  ana    a  larger    yield  of 
finished  wax.    A  cylinder  7  in. 
dianieter  is  fixed  oonoentrically    Fio.  IS. 
within  another  of  17  in.  diameter. 
Both  are  of  thin  iron,  9  ft.  long,  and  fixed 
vertically.    Tlie  centre  one  is  open  to  the  air, 
both  at  top  and  bottom.    The  outer  one  has  a 
bottom  with  outlet  pipe  and  cock,  and  also  a 
false  bottom  a  few  inches  up.   Around  the  inner 
cylinder  there  are  three  plies  of  wire  gauze. 
Water  is  mn  into  the  cell  up  to  tho  false  bottom, 
and  th(>  cell  thcti  filled  with  melte'd  paraffin. 
After  cooling  in  the  same  manner  as  w»  traj 
stoves,  the  water  below  is  ran  off,  and  saetion 
is  applied  tf)  the  bottom  of  tho  cells  by  a  steam 
iniector  on  the  exit  pipe  common  to'a  row  of 
odJs.   The  doors  are  shot  and  steam  put  on 
pipes  laid  below,  and  the  sweatings  find  their 
way  through  passages  formed  at  once  l>y  the 
heat  among  the  layers  of  gauze.    It  has' been 
proposed  to  expedite  the  operations  by  taking 
the  chilled  cakes  falling  from  the  filter  presses, 
breaking   them  up  and  transferring  at  once 
to  the  cells,  where  the  oil  is  sucked  away 
before  the  cold  panffin  reaohes  tlie  atmoepheno 
tempeiatores.  The  oil  ia  free  from  dissolved 
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pftnifBn.  lhaa  sareB  the  tia»  »nd  ezpeiuie  oi 

m<  Itiiig  up  rvmi  n  erystallising. 

A  double  stovo  oi  tmys  takes  »  cliarse 
of  sbodi  16  tons.  Into  the  aame  ^ce  144  oefis 
are  placod  to  hold  more  thfto  twiflo  the  amount 

ot  p  it'.ilHi). 

Ill  every  case  the  final  process  is  stirring 
tlic  ni  ItLil  parafliu  with  I  or2p.c.  chnr  (got  from 
Ibcold  luuLhod  of  cyanide  making) fur  iOtninutea, 
then  at  once,  without  settling,  pumping  the 
mtztuce  tirsit  through  »  cloth  tilter-preBs,  and 
then  through  one  mounted  with  filter  paper. 
These  (.-iitoli  the  (.liivr.  iwul  the  wax  ready  to 
run  into  cakes  for  tho  market,  or  direct  into 
the  oandle-hottse  tnK  Long  eontact  between 
char  and  wax  is  to  be  avoided  lor  soon  the  melted 
wax  begins  to  take  up  the  colour  again.  The 
<diar  tetaiiw  a  proportion  of  wax.  This  is 
rccovpred  l»y  a  atiU  like  a  Soxhlot  apparatus  on 
a  laryu  scdJe.  It  the  paraffin  is  thoroughly 
washed  out,  the  char,  ^^\wn  rt-torted,  is  as  good 
aa  at  fint ;  but  ^  p.&  oi  jparaffin  left  ia  spoiJbB  it. 

Two  of  the  refinenea  have  esndleworks. 
They  supply  .some  \v;ix  to  otht-f  ciitiilloniakers, 
but  they  also  buy  much  forei^  wax  to  convert 
into  oandloa  boadm  the  bulk  of  their  own 
production. 

Two  uf  the  refineries  make  oil  of  vitriol  fur 
their  own  use.  All  recover  Bulphucio  aoid  from 
tht)  vittiul  tar  and  use  it  for  making  ammonium 
siilpluitc.  Tliuy  also  recover  a  proportion  of 
the  soda  they  use. 

There  are  rows  oi  tanks  to  stock  all  grades 
di  oil.  espedally  vast  tanks  to  store  bmning 
oil  for  winter  u.hc,  and  Admiralty  fuel  oil,  and 
they  ate  couneoted  by  pipes  with  taps  in  the 
filling  houses  to  run  the  oils  iuto  barreb  or 
railway  tanks,  or  into  drums,  or  tins  for  cases. 

There  are  tradesmen's  shopa»  wherever 
needed  for  mines  or  works,  for  smitils^  fittcLs, 
joiners,  plumbers,  &c.,  and  also  saw-mill.", 
steam-hammers,  box-making  maohinery,  and 
other  neoesHtiiics  and  convettisaoes.  About 
10,000  men  in  all  are  employed. 

Tlie  history  of  retorting,  with  many  figurcf^, 
is  ^ivfii  liy  Heill'V  (J.  Soc.  Chcni.  hid.  1897, 
876) ;  and  in  the  same  journai,  18U7,  arc  descrilK-d 
the  more  modern  retorts  (Henderson,  981  ; 
Crichtctn,  988;  and  Brysun,  HfX)).  He(inin2  is 
desi  rilu'  I  (-T.  S'.c.  Chciu,  lud.  ISSO,  lOU)  with 

COJ I  ■  '  t  11  '  i  T  '  I  :     :  1 1 ,  i'  1    ii,  &C. 

PARAFFINIC  ACID  CjjH^jCOOH,  was  ob- 
tained by  Pouchot  (BulL  Soo.  chim.  [ii.j23,  111) 
by  oxidising  solid  paraffin  with  nitrio  acid  ;  m.p. 

45°-47^ 

PARAGUAY  TEA  or  YERBA  DE  UATt. 

commonly  known  as  Mut>';  or  Jesuita*  or  St. 
Barthohmtw*  Ua,  consists  of  the  dried  leaves 
and  shoots  of  Ihae  paraguenstJi  (A.  St.  Hil.)  (an 
evergieen  relat-ed  to  the  holly)  and  other  small 
trees  of  the  same  genus,  growing  in  the  mountain 
woods  <kiu>wn  as  YerbMss)  of  Southern  Bnudl, 
Argentina,  and  Paraguay.    It  is  also  grown  in 

elantalious  and  is  now  ii'>ed  as  a  oominon 
everage  by  over  SO  million  of  ih<^  inhabitants 
of  the  South  American  republics,  but  has  not 
^tt  gained  favour  in  Europe,  although  its  use  is 
increasing,  especially  in  France. 

The  trees  are  usually  aboub  15  foot  high,  but 
oeoanioGUiUy  attain  a  nsight  of  over  30  feet. 
The  leaves  are  from  4  to  6  inchr=i  \^n\'J,  l.mceo- 
late*  with  tinely  serrated  margins,  and  slightly 


I  obtuse  apex.  The  midrib  and  its  branches  (the 
I  so-called  *  veins '  or  '  nt-rvcs ')  are  very  pro- 
1  miueut  on  the  under  side  of  -the  leaf.  As  in 
I  ordinary  tea,  tlM  '  veins  *  meet  before  neadiing 

I  the  niarL'in,  and  the  stomata»  whioh  WBt  neatly 

I  circuJdr,  at«  vtsry  nuiueroua. 

I  In  the  preparation  of  mat4»  whole  branehes, 
together  with  tbe  twigs  and  leaves,  arc  cut  down, 
dried  and  ruasted  on  iron  gratings  over  a  wuud 
fire  until  the  proper  flavour  is  developed,  then 
l)eaten  with  sticks  and  the  fragments  of  l^vee 
and  twigs  roughly  ground  to  a  very  coarse 

I  puwder  to  foni\  the   Yerba  d>   Palo."  of  the 

!  Spaniards  or  Caa-Guata.    Other  and  superior 

I  grades  known  on  the  Sooth  American  markets 
are  Caa-Cuy»,  derived  from  the  younp  leaf 
buds,  and  Caa-Mxri,  which  consists  of  the  un- 
roasted  leaves  freed  from  their  toi^  fibrous 
Veinj^  and  inidiil).'*. 

The  iufusiuu  la  mj>di:  by  pouring  boiliixg  water 
directly  into  the  cup  containing  a  quantity  of 
mat^  with  a  little  sunt  and  sometimes  lemon- 
juice,  and  n  imbibed  while  very  hot  tlinmgh  a 
bomhiUn  or  tube  perforated  at  tlie  hot  torn  ur 

1  provided  with  wire  gauze  to  prevent  the  passage 
of  solid  particles  of  the  tea. 

It  is  Siild  to  have  valuabh/  restorative 
qualiticii  after  violent  or  proiouged  pl^'sicAl 
exercise,  due  no  doubt  in  part  to  the  presence 
of  laffeine  or  theine  which,  however,  x?.  present 
iu  smaller  propurtiuu  than  in  urdiuury  tea(?/.v. ), 
but  its  effect  is  narcotic  rather  than  stimulative, 
it  also  possesses  mildly  aperient  and  diuretic 
properties. 

L'hc  amount  of  caffeine  found  in  mat 6  by 
different  observers  varies  greatly,  but  trust* 
worthy  analyses  do  not  show  much  more  than 
1  p.c.    The  proportion  of  tannin  is  also  small, 
being  about  1-5  p.c  on  au  average,  and  in  this 
respect  mati  is  ehdmcd  to  have  an  advantage 
I  over  ordinary  tea,  as  wrll  as  fnnn  tlie  fact  that 
■  it  ia  lesa  allcutud  by  vaiiatiun-i  in  eliniatiu  con- 
ditions.   The  tannin  is  peculiar  in  character, 
I  as  it  does  not  precipitate  potassio-tartrate  of 
antimony  nor  tan  leather.  J.  C* 

PARALACTTC  ACID  v.  Laitic  AcllK 
PARALPEHyPE  V.  Aldsuvdk. 
PARAMOL  (o  •  amino  •  m  •  hydroxvlbcnzyl 
alcohol),  C,iraOH)iCH.OH)NH2."  is  a  plioto- 
graphic  developur,  the  action  of  which  is  inter* 
mediato  between  the  developers  of  the  phenol 
class  and  the  amidophenol  class  (Eichengrtin. 
Zeitsch.  angew.  Chem.  1901,  14,  1070).  It  is 
soluble  in  12  times  its  weight  of  water,  givee  a 
bluish  negative,  and  can  be  used  for  negatives, 
po.sitives,  and  papers  (Jahr,  Brit.  J.  Pnotogr. 

19<)2,  r  , 

PARAMEPHBIM  e.  SxitTHxiic  Dbcos. 
PARAPHBNYLEIIE  BLUE.  This  dye  comes 

into  commeree  in  three  j-IuiJes,  wliich  are  desig- 
nated respectively  G,  K,  and  i>.  They  belong 
to  a  class  of  dves  obtained  (according  to  Eng. 
P.it.  10131,  of  "iSSfi)  by  heating  paraphenylene- 
•  diaitiine  (or  iUi  humuluguLii)  with  certain  amino* 
;  oiLo-  compounds— aminoazobenxcne. 

Parapnenylcnc  blue  R  dissol  ves  easily  in  water 
I  with  a  reddish- blue  colour.  Hydrochloric  acid 
produces  no  chiinge  in  the  aqueous  solution  ;  but 
I  sodium  hydroxide  comjiletcly  precipitates  the  dye 
I  in  the  form  of  a  dark*  violet  precipitate.  Tannic 
I  acid,  in  presence  i  f  dOiIi\nn  Licetate,  yields  a  blue 
precipitate,  and  the  liquid  is  rendered  colourless. 
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The  boiling  aqueous  solution  yields  a  black  pre- 
cipitate with  pottfesium  tliehromrvt^  Thf^  react  iuna 
shown  by  the  other  shivdes  aro  si  iiu  1 1 1 .  On  wool , 
paraphenylene  blue  dyes  direct  n;  ]  l  iscuco  of 
A  sinsil  qusAtity  o<  aoid.  On  oottoa  it  ia  fixed 
by  m«Mia  of  tatuun  and  terter  ein«tio.  The 
shades  obtained  resemble  those  producod  by 
methvlrae  bine.  When  ohromed  after  dyeing 
(he  aaadeB  become  oonsidenibly  dexfeer  (J.  80c. 

Cbcn.  In;!.  7.  r.Cl). 

PARAROSOLIC  ACID  v.  AuBiN. 
PARAXANTHDfE.  1 :  ThKimIM-S  t 
,  NltoOO-CNlfov, 
pwnne  1  n        XS,  ^i«8  disoorered  by 

rONHC — 
Thtidichum  (Ann.  Chem.  Mod.  1879,  1,  163: 
(  'oDij)t.rcnd.  1888, 106, 1805),  and  independently 
by  Salomon  (Ber.  1883,  16,  195)  in  human  urine, 
01  which  it  i»  a  normal  constituent,  and  OLCurs 
to  the  extent  of  1-3  ^nn.  pi'r  10,00<^  litns 
(Sabmoo,  Virchow's  Annalen,  1881,  125,  654 : 
Salomon  end  Kriiger,  Zeitsch.  phynol.  CSiem. 
1898,  24,  364) ;  and  it  i.s  f(»und  ti.irctht  r  with 
other  methylxanthiues  in  the  urine  of  dogs  and 
mbbfte  that  beve  been  fed  with  oaffefaie  (Kriiger, 
Ber.  1899.  32.  2818,  33361. 

Paraxanthinc  can  be  prepared  synthetically 
from  theobromine  (3  :  7-dimethylxanthine)  by 
the  following?  series  of  reactions  :  thi  oliromino 
is  oonvertotl  by  the  action  of  phosphor^  1  cliluride 
into  2:6-dichloro-7-methylpurine ;  this  on  treat- 
ment with  aqueous  aU»U  and  subsequent 
nwtbylation  yields  S-ohloro-S-oxy-l ;  7-dlnieihyl- 
purini-,  which  i.s  converted  info  piraxanthine 
by  heating  with  hydrochlorio  acid  (sp.gr.  1*19) 
at  lW-m°  (Fischer.  Ber.  1897,  30,  2400). 
Parnxnnthuio  can  also  bf  prepared  by  reducing 
'with  hydrogen  iodide  and  phosphonium  iodide 
8-oUoiopaxamnthine  obtained  from  1  .*  7-di- 
raethvlnric  acid  bv  the  action  of  phosphorj'l 
chloride  at  ISS^-l^tO?  (Fischer  and  Clomm,  Ber. 
1898,  31,  2C22) ;  or  by  the  ai  tion  of  }K)iling  u^ter 
on  8-ohloro-3-chloiomethylparaxAnthino  ob- 
tained by  heatinff  eafldne  with  phoiiphoryl 
chloride  and  phosphorus  pontaohloride  at  168**- 
162"  (Fischer  and  Aoh,  ibid.  1906,  39,  423). 

Paraxanthine  crystallises  in  eix-nided  nono- 
clinio  platf  s,  m.p.  29S''-290'»  (corr.) ;  in  some 
preparatiou3  the  uryaWila  become  cloudy  or 
whitish  at  110°.  owing  to  loss  of  water  of 
orystaUieaticm,  whilst  others,  isomorphous  with 
them,  renain  bright  (Salomon,  ibia.  1883.  16, 
19.5  :  n,<  :n.  Zentr.  1884.  4fM.) ;  Z«,>itsoh.  physi.,!. 
Ghem.  1S90, 15, 319).  Paraxanthine  is  insoluble 
in  alcohol  or  ether,  diMoIvee  in  hydrooMotie  or 
nitric  n.(\(\,  nr  in  aninionia  ;  it  is  sparinLdy  ^oInl)lf> 
ui  <-old,  more  reaiiilv  so  in  hot,  \vatcr;  at  4<)  P 
K  M  NJ  c_.c.  of  waU>r  or"  MM)  cc.  N/10  hydrochlorio 
acid  dissolves  106  and  1*17  grm.  of  paraxanthine 
respectively  ;  the  aqueous  solution  is  neutral, 
ana  the  basic  dissociation  constant  is  3*29  X 10""** 
(Wood.  Oiem.  Soo.  Traoa.  1900,  89,  1842). 

tn  its  phymolo^oal  action  on  frogs  para- 
Xiinthino  art.H  similarly  f  o  xanthine,  theobromine, 
or  cafleine.  ailci-'iing  the  central  nervous  system 
and  the  musoles,  and  prodnoing  creeping  move- 
ments, then  the  dlsapp^viranrr  f»f  all  H|Kjntaneon8  ' 
activity  and  complete  aiwihlion  »>f  reflexes;  the  , 
lethal  doM>  ia  0'l5-0-2  per  1000  of  the  »»r.dy 
might.  On  mice  the  drug  produces  ]mr«'>i.«  of 
the  hinder  extremities,  increase  of  rcllcx 
activity  ptodnoing  tetamu,  the  lethal  doae  is 


2—4  timc8  as  largo  a.s  for  frogs  (Salomon,  Zeitsch. 
physiol.  Chem.  1880,  13,  187).  Paraxanthine 
acts  as  a  diuretic  when  administered  to  rabbits 
( Ac  h.  Chem.  Zentr.  imi  ii.  «)88),  and  is  excreted 
partly  unchanged  and  parthr  ea  1-methylxan- 
thbe  (Kriiger  and  Schmidt,  »pr.  1899. 32, 2677). 

Slltt.  (I)  Wilh  h'lK  s  :  .•'odiiimmM 
C,H,O2M4Na„4H,0, 
sparingly  soluble  crystalline  compound,  melts 
I  above  300°;  Ihf  eorre^jtonding  pnlas.^ium  (mil 
has  a  higher  meltin):^'-]>oint  (Salomon,  ibid.  1883, 
16,  196).  (2)  With  acid^ :  the  hydrochloride 
C,H,0,N4-HCl,HjO  forms  rhond.i.:  platos.  .lis- 
sociates  in  aqueou.<<  Hohitiun  Hutl  liCi  and 

H,0  at  100"  (Pommerehne,  Arch.  Pharm.  1898, 
236,  105) ;  the  picrate  forms  a  yellow  crystalline 
precipitate,  decomposing  in  aqueous  solution ; 
the  nilratf.  i.s  unstable.  iH)  Double  salts  :  M-ith 
m€xcwic  chloride,  colourlc^  prisms,  melting  with 
partial  deeompomtion  ;  the  awoMoiHt 

C,H,0,N4,HAuC;l«,JH,0, 
orange-yellow  needles,  m.p.  '227°-228°;  the 
platinoehtoride  (C;HKN40i),.HcPtCl„H,0, 
orange  crystal-i  belonging  to  the  anorthie  svf^tem 
(Pommenhne,  I.e. ;  fi[ruger  and  Salomon, 
Zeitsch.  physioi.  Chem.  180^  24.  364). 

Derivatives.  S-Cfdoroparaxanthine,  m.p  295" 
(corr.),  soluble  in  170  parts  of  hot  water,  crystal- 
Uses  in  prisms  ;  the  .itxlium  suit  is  sparingly,  the 
poUusium  scUt  more  readily  s(duble  (FiAcher  and 
demm.  Ber.  1898,  31,  2622) ;  it  reacts  with 
amines  to  form  the  oorrespcuidingr  amino  com- 
pound, and  the  compounds  with  ammonia, 
mono-  and  di-methylamine  and  aniline  aro 
described  (Boi-hrliiL'tr  and  Solme,  D.  R.  P. 
150901).  DfMxypartucanthiuc  C^lijpON^.H^O, 
obtained  by  the  electrolytic  reduction  of 
paraxanthine,  deeoniposes  at  260°  (Tafel  and 
J)odt,  Ber.  1907.  40,  3752),  and  is  readily 
hydrolysed  on  heating  with  hydrochloric  acid 
forming  !>-met/i  yhi  m  inametkyl-l'methfflA-im  inazo' 

,  .    „         NHMs'CHs'CH'NMeN  _ 
Umi    J^/dfwMoride  \   '  ^OH 

00  ^N^ 

(Tafel  and  lAayer.  Und.  11)06,  41,  2646). 

  M.  A.  W. 

PAROHMBNT.  Purdnmlm  fFr.)-  Perga- 
(Ger.).  This  writing  material  has  been 
known  since  the  earliest  times,  but  is  now  mnde 
in  a  manner  very  anperior  to  that  by  which  it 
was  anciently  prepared,  as  we  may  judge  by  in- 
spection of  the  old  vellum  and  parchment  manu- 
seripta.  The  art  of  maloDg  parchment  consista 
in  certain  manipulations  necessary  to  prepare  the 
slans  of  animals  of  such  thinness,  flexibility,  and 
firmness  as  may  be  required  for  the  different  uses 
to  which  this  substance  is  applied.  Though  the 
skins  of  all  animals  may  be  oonTerCed  into 
writing  materials,  only  those  of  the  sheep  or  the 
8hc-goa,t  are  used  for  parchment ;  those  01  calves, 
kids,  and  still-bom  lambs  for  vellum  ;  those  of 
the  he-goat,  shc-t^oat,  andwolvesf  >r  Hrum-heads  ; 
and  those  of  the  ass  for  battledores.  All  these 
skins  are  treated  in  the  same  way.  with  slight 
VMiations,  which  need  no  particular  dctaiL 

Tiiey  are  first  of  all  prepared  by  the  leather- 
dresser.  After  they  arc  taken  out  of  the  lime- 
pit,  shaved,  aud  well  washed,  thev  mu.st  be  set 
to  dry  in  such  a  way  as  to  prevent  their  puckering 
and  to  render  them  ea.sily  uotkerl.  The  sm-ilt 
manufaoturers  make  use  of  hoops  for  this  pur> 
peas,  bat  on  the  laiger  scale  a  A«rse  or  stout 
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vvaodcn  frame  is  ornployed.  This  is  formed  of 
two  uprights  and  two  croiM-bara  solidly  Joined  1 
together  by  tonons  and  mortices  ao  m  to  form  s  | 
stronn;  piece  of  carpentry,  which  is  t  i  !im  tixwl 
againat  a  wall.  Theae  four  bare  are  perforated  1 
eu  over  with  a  series  of  hole.H  of  Huch  JimenBioiM 
as  t«>  receive  slightly-tapered  buxwood  pins  truly 
turned,  or  even  iron  bolts,  i^^ck  of  tlit;»e  pins  I 
is  transpieroed  with  a  hole  like  the  pin  of  a  j 
violin,  bj  meana  of  which  the  strings  employed 
in  stretraing  the  aidn  may  be  tightened.  Above 
the  hert':  t\  ^lu-lt  placed  for  receiving  tlie  tools 
whioh  the  workman  needs  to  have  always  At 
hand.  In  order  to  atreteh  the  skJn  upon  the 
frame,  livrger  or  smaller  skewers  nre  employed, 
according  a.ii  a  greater  or  smaller  piece  of  it  is  to 
Ixr  kid  hold  of.  Six  hole.M  are  made  in  a  straight 
line  to  receive  the  larger,  and  four  to  recei\  e  the 
smaller  sicewers  or  pins.  These  »mali  slits  are 
made  with  a  tool  like  a  carpenter's  cliisel,  and 
of  the  exact  size  to  adroit  the  skewer.  The 
string  round  the  skewer  ii  affixed  to  one  of  the 
bolts  in  the  frame,  which  are  turned  r..nnil  by 
means  of  a  key  like  that  bv  which  pi»nos  and 
harps  are  tuned.  The  skewer  is  threaded 
through  the  skin  in  a  state  of  tension. 

Everything  being  thus  prepared,  and  the  I 
skin  being  well  softened,  the  workman  stretches 
it  powerfully  by  means  of  the  skewers ;  he 
attaches  the  cords  to  the  skewers,  and  fixes  their 
ends  to  the  iron  pe^^s  or  pins.  He  then  stretches 
the  «kin,  first  with  his  hand  applied  to  the  pins, 
and  afterwards  with  the  key.  Great  eare  must 
bo  taken  that  no  wriidvle.s  are  formed.  The  .skin 
is  usually  stret.  he  1  more  in  length  than  in 
breadth,  from  tiv  rustom  of  the  trade,  though 
extension  in  brea<ltli  would  be  preferable,  in 
order  to  reduce  the  thicknesii  of  the  part  iipposite 
the  backbone. 

The  workman  now  resorts  to  the  fleshini:  to<iL 
It  is  a  semicircular,  double-edge<l  knife,  made  fast 
in  a  double  wooilen  handle.    Other  forms  of  the 
fleshing-knife  edge  are  also  used.     They  are 
shar|»ened  by  a  steel.   The  worlcman  holds  the 
tool  in  his  two  hand'^  m  as  to  i)liu'e  the  edge 
uerpeudioularly  to  the  skin,  and,  pressing  it  care- 
fully from  above  downwards,  removes  the  fleshy 
exereweneea  and  layn  them  aside  for  making 
glue.    He  now  turns  round  the  hcr/te  upon  the 
wall,  in  order  to  get  access  to  the  outside  of  the 
skin  and  to  scrape  it  with  the  tool  inverted,  so 
a«  to  ran  no  risk  of  cutting  the  epidermis.  He 
thns  removes  any  adhering  filth,  and  squeezes 
out  some  water.   The  skin  must  next  be  ground. 
For  this  purpose  it  is  sprinkled  upon  the  fleshy 
side  with  siftod  chalk  or  nlalccd  lime,  and  then 
rubbed  in  all  directions  with  a  pioce  of  pumice- 
stone,  4  or  5  inches  in  area,  previoudy  flattened 
upon  a  sandstone.    The  lime  soon  gets  moist 
from  the  water  contained  in  the  skin.  The 
pumiee-stono  is  then  rubbed  over  the  other  side 
of  the  skin»  but  without  chalk  or  lime.  Tins 
operation  is  necessary  cmly  for  the  bc^t  parch- 
ment "r  vellum.    The  skin  is  n^w  allowed  to  dry 
upon  the  frame,  being  carefully  protected  from 
sunshine  and  from  frost.    In  the  arid  weather 
of  suninuT  a  moist  i  !<.th  n -e  ls  to  he  applied  ti) 
it  from  time  to  time,      prevent  it«i  drying  too 
suddenly,  imiuediately  after  which  the  skewerH 
require  to  be  ti'^ht «  lu'd. 

When  it  is  perfectly  dry,  the  whito  colour  is 
to  be  removed  1^  rofolnng  it  with  (he  woolly  akie 


of  a  Iand)skin.  Hut  great  care  must  bo  taken  not 
to  iray  the  surface — a  uiroumetance  of  which 
some  manu&Msturers  are  so  much  afraid  a*  not 
to  use  either  chalk  or  lime  in  the  polishing. 
Should  any  grease  be  iletccted  upon  it,  it  must 
be  removed  Dv  stei  i)inL;  it  in  a  ume-pit  for  10 
days,  then  stret ehing  it  anew  upon  the  hettK, 
after  which  it  is  transferred  to  tUo  gr.raper. 

This  workman  employs  here  an  edge  tool  of 
the  same  shape  aa  the  flcshing-knife,  but  larger 
and  sharper.  He  mounts  the  skin  upon  a  fimme 
like  the  ner/tp  above  deseribed  ;  but  he  extend* 
it  merely  with  cords,  without  skewers  or  pins, 
and  supports  it  generally  upon  a  piece  of  raw 
calfskin  stron-.dy  stretched.  The  tail  of  the  skin 
being  placed  towards  the  bottom  of  the  framp, 
the  workman  first  pares  off  with  a  sharp  knife 
any  cnn5!iflpra>)Ie  roughnesses,  and  then  scrapes 
tlie  caittiide  nurfaco  obliquely  downwards  with 
the  proper  tools  till  it  becomes  perfectly  smooth  ; 
the  fleshy  side  needs  no  such  operation ;  and 
indeed,  were  both  aidea  scraped,  the  sUn  would 
be  apt  to  beeome  too  thin,  the  only  objeet  of  the 
scraper  being  to  equalise  its  thickness.  \\'hat> 
ever  irregularities  renoain  may  be  removed  with 
a  pie(;e  iif  the  fine'^t  pumice-stone  well  flattened 
beforehand  upon  a  fine  sandstone.  This  process 
is  performed  by  laying  the  rough  parchment  upon 
an  oblong  plank  of  wood  in  tlie  form  of  a  stool, 
the  i>lank  being  covered  with  a  piece  of  soft 
parcnmont  stuffed  with  wool,  to  form  an  elastic 
cushion  for  the  itnnding  operation.  It  is  merely 
the  outside  surniee  that  require*  to  he  pumiced. 
The  celebrated  Ptrasburf^  vellum  is  prepared 
with  remarkably  fine  pumice-stone.  If  any  small 
holes  happen  to  be  made  in  the  parchment  they 
must  be  neatly  patched  by  cutting  their  edeea 
thin  and  pasting  on  smali  pieces  with  gmu- 
water. 

Another  method  of  finish! njr  the  skin  is  to 
subject  it,  after  a  final  8Ciddin<^,  to  a  bath  of 
lime-watvr,  and  then  powder  it  on  both  sides" 
with  French  chalk,  the  excess  of  whioh  ia 
brushed  off  when  dry.  The  skin  ia  afterwards 
wiped  over  with  a  wet  «;ponr:e  and,  when  a^ain 
drv,  is  rubbed  over  with  a  i)iece  of  tlannel 
(Hrand,  Kng.  Pat.  11605.  IS'.Kl).  Treatment 
with  a  bath  of  aluni  solution  is  said  to  prevent 
the  ink  soaking  in  and  to  make  the  parchment 
easier  to  use  (Prand,  ibid.  14384,  1894). 

Parchment  is  coloured  green  only.  The  fol- 
lowing is  the  pn>cc93.  In  600  parts  of  nan* 
water  boil  of  rream-'if-tartar  and  f50  of  crys- 
tallised verdigris ;  when  this  solution  is  cold 
pour  into  it  4  parts  of  nitrie  add.  Moisten  the 
parchment  with  a  brush,  ami  then  apply  the 
above  liquid  evenly  over  it*  snrfaee.  Jjwjtlj', 
the  necessary  lustre  may  be  f^^i\  en  with  white- 
i  of-fL"_"^  i"-  •vi""i!;vj<-  nf  'ji'Mi  ftrabic  (Ore). 
I  PARCHMENT  PAPER  infjetnhle.  jMirchment) 
is  a  modifiiHl  form  of  paper,  resembling  parch- 
ment, produced  by  the  action  of  sulphuric  acid, 
dno  chloride  sdntinn  or  cnprammonium  solu* 
tions  on  ordinary  p;>]>er. 

Manufacture  by  the.  ttidpkttric  ncid  jtroca,.^. — 
The  sulpnuric  add  used  should  have  a  density 
of  .W-flO^H..  and  may  be  prepar.  il  by  mixing 
1  vol.  of  water  with  2  vols,  of  ordinary  .stronsj 
sulphuric  acid  of  f>r>°H.  It  'm*  important  tint 
the  lein]irrat\ire  shouhl  not  exeee<l  \i\°C.  (1. otter, 
J.  Soc.  Chcm.  Ind.  18U5,  5S).  The  paper  may 
^  contain  linen  or  cotton  fibres,  oc  both,  bnt 
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regud  miut  be  hmA  to  the  laet  tiiat  linen  is  not 

parchmentised  as  qtiiokly  as  tutton.  The 
aardxteas  of  the  original  paper  also  atfects  the 
prodnot  in  that  a  moro  porous  paper  absorbs 
the  acid  more  rpiidily  ami  is  more  completely 
parchmentised  and,  thcrefuro,  more  transjparont. 
I'cfHuse  it  is  important  for  the  acid  to  penetrate 
the  fibre  thick  papen  cannot  be  paiehmentiaed, 
•nd  tfaiok  Ti^table  parehmmt  is  made  by 
praising  t();,'cth(«r  two,  three,  or  more  sheets  of 
ttiinner  paper  as  they  leave  the  acid  bath. 
After  they  have  been  washed  and  dried  it  is 
foand  that  thr  v  Jiave>  bcnnme  perfectly  united. 

In  the  IxiMvi  pruccss  the  operator,  wearing 
mbbcr  gloves,  dips  the  sheets  of  paper  into  the 
acid  bath  for  the  requi.sito  tiuw.  (2-15  seconds, 
aocording  to  the  nature  of  the  paper  and  of  the 
product  desired),  and  then  throws  them  into  a 
bath  of  water,  from  which  they  are  passed 
throngh  other  wiuh<>waterB»  one  of  .which  con« 
tains  a  fliuall  proportion  of  ammonia.  After  a 
fioal  wash  the  sheets  are  dried  under  pressure. 

In  the  oontinnous  process,  a  band  of  paper 
passpa  from  a  roll  and  under  pla-S-s  or  lead  rollers 
in  the  stoneware  or  lead  tank  contiunine  the 
aoid  at  such  a  rate  that  it  is  immersed  for  the 
time  that  previous  experiment  has  hUowh  to  be 
necessary  for  its  conversion  into  parch ment. 
As  it  leav("^  the  ))ath.  it  passes  between  rubber 
ratUers,  by  which  the  excess  of  acid  is  removed 
and  rptumsd  to  the  bath,  and  then  goes  throngh 
varions  washing  tanks,  m  f  .hii  h  contains 
a  dilute  solution  of  ammuuia.  The  washing  is 
made  more  complete  by  spraying  the  paper  with 
water  {see  Arnold,  Enc;.  Pat.  8130,  1886;  J. 
Soc.  Chem.  Ind.  1886,  (H)9).  After  washing,  the 
parchment  is  dried  by  passage  over  heated, 
felt -covered  rollers,  and  is  finafly  calendered  in 
the  same  way  as  ordinarv  papers  (.T.  Soc.  Chem. 
Tnd.  1894,  414;  see  also  \Vill)aux,  Kn^.  Pat. 
17268»  1890 ;  .1.  Soo.  Chem.  Ind.  1891,  m). 

Fuehment  paper  is  sometimes  rather  brittle 
when  dry.  m  l  'l  l-  i  v,  r  ' mio  by  impreynafing  i 
it  with  hygroscopic  sul>stance3  like  caicinra  and 
magnesium  chlorides  and  glycerol  (Eichorn, 
Eng.  Pat.  6610,  ISS5  ;  T.  St>c.  CTiom.  Tnd.  1885, 
551).  Robertson  haa  patented  a  continuous 
process  in  which  the  paper,  before  drying,  passes 
through  a  bath  of  glyoeix4  (Eng.  Pat.  8473, 
1892  ;  J.  Soc.  Chem.  Ind.  1892,  935). 

Vegetable  parchment  may  be  made  wliite 
and  opaque  and  repellent  to  water  by  adding 
to  the  seid-bath  wuite  opaque  pigments,  e.g. 
barium  stdphate.  and  water-repellent  sub- 
stanceH,  like  mineral  oils  (Sachsenr5der,  Fr.  Pat. 
S624fi3,  1906;  J.  Soc.  Chem.  Ind.  190«,  713). 

Manufacture  by  zinc  chloride  nnd  cnpram- 
rmmium  melhods.  The  preparation  of  parch - 
ment-paper  by  the  action  of  a  very  strong 
solution  of  zinc  chloride  upon  ordinary  pftper 
differs  little  from  the  above  method,  except  that 
a  longer  time  is  required  for  the  m  tinn,  and  the 
alkali  bath  is  omitted  from  the  washing. 

CNiprammottinm  solutions  («;  CoTnii)  gelati- 
nise pa|>er  in  a  ^nmilar  way  and  when  tlie  jitoduct 
La  dried  by  steam-heat  it  is  green,  owing  to  the 
presenoe  in  it  of  copper.  i 

Properties  and  u^es. — The  action  of  sulphuric 
acitl  in  parchmenting  paper  is  to  convoit  t\\v  . 
superficial  layers  of  eelluloHe  int^»  a  giilatinouH  i 
mass  which  fillH  up  Umj  interstices  between  the 
fibres  of  the  paper  and  renders  it  practically  I 


impervious  to  gases  and  liquids.   During  this 

change  the  paper  shrinks  10-30  }).c.  in  area  and 
up  to  30  p.c  In  thickucKs,  and  fihuwi>  a  corre- 
sponding increase  in  sp.gr.  of  30-40  p.c.  At 
tne  same  time  its  strengtii  is  increased  three-  or 
fourfold  and  the  product  has  about  three- 
quarters  tlie  strength  of  soimal  parchment  of 
the  same  thickness. 

Good  parchment  paper  is  nnaffMted  even 
by  repeated  soaking  in  boiling  wat'^r  and  dryinp. 
and  can  thus  bo  distinguished  from  various 
imitation  parchment  papers  which  are  made  by 
coating  ordinary  paper  uith  si/.r,  albumin,  blood 
serum,  &o.,  with  or  without  added  colouring 
matter,  and  are  at  once  disintegrated  by  hot 
water.  In  addition  to  being  waterproof  and 
gas-tight,  it  is  unaffected  by  cold  ocidis  and  by 
caustic  alkalis  ;  prolonged  action  of  hot  cone, 
hydrochloric  acid,  however,  converts  it  into 
dextrin. 

It  I.S  not  liable  t<»  mould  when  damj)  and 
resists  the  attacks  of  insects,  and  thus  possesses 
certain  advantages  over  animal  parchment.  It 
takes  lives  well. 

It  readily  absorbs  printers'  ink  and  writing 
ink,  and  these  cannot  aftem'ards  be  erased 
without  serious  injury  to  the  parchment.  On 
this  account  it  is  much  used  for  the  preparation 
of  important  documents. 

Vegetable  parobment  ia  also  used  for 
wrapping  tobacco,  fto.,  for  luting  the  jainits  cl 
stills,  for  covering  Jara  containing  preserves,  &c., 
and  for  paper- bags  for  cooking  and  steaming 
food.  It  has  been  manufactured  and  used  for 
electrical  insulation  (London  and  Bailev,  EncT. 
I'at.  12711,  1805;  8fr  also  L.  E.  And'is,  The 
Treatment  of  i*aper  foi  -|  -   i  1  Purposes). 

PARIGEMIN  and  PABIGUN  v.  Sabaapa- 

RILLA. 

PARILLTN  r.  Ot^rcosiOKS. 
PARIUJNIC  ACID  V,  Sabsafabilla. 
PARIS  BLUB.     This  term  is  occasionally 

applied  to  Prussian  blue,  and  also  to  the  ])ro- 
ductti  obtaine<l  by  heating  aniline  with  stannic 
chloride. 

PARIS  GREEN.  .An  ar  eto-arsenite  of  copper 
used  aK  a  ]ii^'ment,  ami  occasionally  as  an 
insecticide  on  plants. 

PARIS  LAKE.   Carmine,  hke  v.  IaAEEs. 

PARIS  RED.  A  variety  of  rouge  employed 
for  polishinc 

PABIS  WHITE.    Whiting  v.  Vashib. 

PAMS  YELLOW.  Namat  UaA  thrtmaie 
Vm  CHBo>nTr>r. 

PAHSLEY.  Apiin,  the  ghicoside  of  api- 
genin,  is  found  in  the  leaves,  stem,  and  sced.H  of 
parvley  (Cantin  \A/niirii']  PclrostUinnn  [Benth. 
and  H(H>k]"l  (lluuip,  i>t!chjier's  Kcpert.  f. 
Pharm.  ls;^ti.  6,  6;  Braconnot,  Ann.  Chim. 
Phys.  1843  (iii.)  9,  250).  Both  authors  ob- 
tained it  as  a  gelatinous  ms^  by  extracting 
paisley  seeds  with  boiliiiL'  water,  and  consider- 
ing tile  readiness  with  which  it  gelatinised, 
Braconnot  Included  it  among  the  members 
of  the  pectin  class.  Subsequently,  Planta  and 
Wallace  a8.si<ined  to  it  the  formula  CgfiiggOis 
(Annalon,  18r>0,  74,  262),  and  though  by  the 
action  of  boiling  dilute  acid.s  a  brown  substance, 
Cj,!!.,  ()^.  was  produced,  it  did  not  appear  that 
Hpiin  wa.s  a  glueo.side.  ( )ii  flie  >>ther  luind, 
Lindenhorn  (Inaugural  Di^vHirt.  Wurzburg,  18(>7), 
who  obtained  thu  substance  in  a  crystalline 
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condition,  found  ih.\t  by  the  action  of  <liliitc 
ftoids  it  was  decomposed  into  jocose  and 
•pigenin,  and  that  tb«  re«otion  ptobftUy  pro* 
OMded  as  follows 

Von  Qerichton  (Ber.  1876,  9,  1124),  who  found 
for  npiin  and  apieenin  numbers  identical  with 
those  giveo  by  Lindenhom,  showed  thai  on 
fBufoii  witii  alnfi  apiin  |;aTe  -DhlorogliuAui  Mid 
an  acid  not  closely  oxammed,  out  which,  by  the 
farther  action  of  thealkali,  ^ve  protoctUtchuic  acid 
besides  some  oceaUet  fornuc,  and  pom'  hydroxy- 
benzoic  acids.  As  a  result  of  his  inv  -ligation, 
von  Gerichten  considered  the  niu,-.!_  probable 
fommlft  for  apigenin  to  be  C,,H,n(>j,  nnd  that 
the  decomposition  of  the  ghicuHiclp  .ipiin  with 
acids  might  be  represented  as  followti — 

C.,H„0„+H,0-tO,H«0,+CnH„0»- 

In  a  later  communication  (Annalen,  S19»  1S4), 
hi  adopted  the  formula 

CjjJls^Oi^HjO, 
and  found  that  on  hydrolyfdng  apiin  with  J  p.c. 
mlDhiUMS  aoid  it  ia  ooaverted  into  opsoM  and 


(1) 


it) 


COH 


Cf,H«,OH+H,0»C,H„0,+C,H„0,<5„H,0,. 

Hy  the  prolonged  action  of  the  acid»  the  latter 
oomponnd  givw  apigenia  mad  glucoM 

C,H„0,C„H,04+H,0=.C,H„0,+C„H„0,. 
Apiin  therefore  contains  a  disaccharose  nucleus 
which  on  hydrolysis  yields  dextrose  and  apiosc. 

Apiosr  is  ail  ;il<lo  pen  lose  of  the  formmft  (1) 
and  on  oxidation  gives  apionic  acid  (2) 

HOCH,   CH,OH  HOCH,  CH.OH 

i^H-OH  CHOH 

dlOOH 

By  the  action  of  hydriodic  acid  and  phosphorus 
apionic  acid  is  reduce*!  ti.  t-"  v  di-ric  a<  id. 

When  apiin  is  boiled  \vith  nitric  id  in  00  p.c. 
acetic  acid  it  is  converted  into  the  nitromono- 
gluooaide,  tiitnNi|»7e<rtnC,,H,,0,,N0,,  a  yellow 
orystalline  powder.  m.p.  254*-255'',  soluble  in 
alkaline  HolutionH  ;i  vellow  colour  (Peridn, 

Uhem,  Soc.  Trans.  1900,  416,  77). 

Apiin  consista  of  eolouflem  needles,  m.p. 
228",  easily  RohiMe  in  hot  water  and  alcohol. 
From  these  solutions  it  separates  en  cooling  in 
the  gelathMNia  oonditbn. 

Whereas  apiin  can  be  most  readily  obtained 
in  a  pure  condition  from  the  smuia  of  parsley, 
it  has  been  shown  by  von  Gerichten  that  the 
stem  and  leaves  of  this  plant  contain  in  addition 
a  glucoside  of  a  Ivtooltw  montmefhyUther.  By 
fusion  with  alkali,  pure  aiii'ji'niii  iil\r.<  jihliTM- 
jrlucinol  and  \i-hydroxybenzoic  acid  (Bor.  XauO, 
33,  2334).  The  previone  isobtioo  of  pnlocaie. 
cJiuie  'acid,  acrordinL'  fo  this  method  by  von 
Gerichten.  aiui  I'erkm  iChem.  Soc.  Trans.  1897, 
71*  805)  was  duo  to  its  contamination  with  a 
trace  of  the  hiteolin  derivative. 

In  order  to  prepare  apigenin,  Perkin  (l.r.) 
digests  M » sjrams  of  apiin  for  20  hours  with  3  litres 
of  hydroonlorio  aoid  (ep.gr.  1'04),  The  crude 
oolooring  matter  ii  extraeted  with  boiling 
aloohoK  Mid  the  ezfcraet  treated  with  alcoholio 


lea<l  acetate  aolntiDn,  dr>ii)  by  drop,  until  th<" 
supernatant  liquid  becomes  colourless.  The 
lead  preoifrftate  IS  then  remov«d,  and  the  filtrate 
after  treatment  with  a  few  drops  of  acetic  acid 
is  evaporated  to  a  small  bulk.  By  addition  of 
a  little  boiling  water  and  gentile  evaporation,  the 
apipenin  Heparates  in  a  cryst-alline  condition. 

Sliuuld  the  substance  be  contamijiated  with 
luteolin  monomethylether,  it  is  digested  for 
2  hours  with  boiling  iiydriodio  aoid  (8p.gr.  1-96) 
and  the  product  crjrstsJlfsed  from  aloonoL  The 
more  noluble  Inteolin  thus  formed  remains  in 
solution  (Gzajkowski,  v.  Koetanecki  and  Tambor^ 
Ber.  190(^  83,  19M). 

Apigenin  thus  prepared  cryftfalliHes  in 
almost  colourless  le&Ects,  m.p.  343°,  aud  dissolves 
in  alkaline  solutions  with  a  yellow  colouration. 
By  means  of  acetic  anhydride  triacetyl  apigenin, 
colourle-is  needles,  iii.p.  18l°-182*,  is  produced 
(C,  K.  and  T.),  but  wnen  methylated  Vf  menom 
of  methyl  iodide,  onlr  a  dimethyleiher 

C„H,0,(OCH,)„ 
pale  yellow  needlee,  m.p.  171"'-172*  (Perkin, 
I.e.),  can  be  prepared.  On  acetylation  this 
yields  aceiylapigenin  'Umdhyldhcr,  colourless 
needles,  m.p.  lOS'-lOe"  (P.),  and  by  means  of 
alcoholic  potash  is  transformed  into  a  yellow 
potassram  salt  which  is  decompose<l  by  wash- 
ing with  water.  Wlien  hydroly.se<l  with  alcoholic 
potaeh,  apigenin  dimethylether  yields  anitic 
arid  and  a  syrupy  phenolic  anbstanoe  which 
prol»fa|joontainu-<  phtoroghuind  Tnonomethyleihcr. 

If  apigenin  is  digested  with  50  p.c.  potassium 
hydroxide  solution,  it  ia  hydrolysed  vith  forma- 
tion of  Tp-hifdroryaceiophenone  nnd  phlorofrlncinol 
(Perkin,  l.r.).  From  the  result  of  his  investiga- 
tion, Perkin  aariffDedtOaplgenin  the  constitution 
of  an  hffdroxjf^f&int  or  1 ;  3 : 4' :  irih^tkoaeg- 

OH,    Y'"'^^^''^/  "^OH 

I     I  II 

OH 

Somewhat  later,  neajkowski,  Koataneeld 

and  Tanibor  (I.e.)  synthesised  apigenin  by  a 
series  uf  reactions  similar  to  those  employed  for 
the  preparation  of  chryrin  (Emilewioc,  t. 
Kostanecki  and  Tambor,  Bcr.  ?.2,  2448). 

Phloraretophenone  trimethyklher  condensed 
with  ethyl  animate  in  the  presence  of  sodium 
gives  (rtraindhoxuhinzoi/Iiicfiophenone  (1),  and 
this  on  boiling  with  hydriodic  acid  is  converted 
into  Apjgeoin  (8). 


(1) 


OCH,,      ,— OOH, 


'v,  -CO— C'H,-CO— <^  >OCH, 
OCH, 


OH 


(2) 


rhe  following  derivativea  of  apigenin  have 

iM'eii  prepared. 

Apifjtnin  didhyhther,  Cj^U^O^iOCM^),. 
veUow  uoedlea,  m.p.  16i'-ift2°  (P.).  Ifl3''«ii»4" 
(C,  K.  and  To  i  aedftUtpigtnin  dieOyUther 

0,.H,0.(OCkH,).-C,H,0 
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clourlus-s  needles,  m.p.  151''-152^  (P.).  148°- 
149-5'*  (C,  K.  and  T.)  ;  tiihmzoi/lapigenin 
C,  jHjO,(C,H.U)a,  colourless  needles,  m.p.  210**- 
212?  (P.);  dibromapigenin  C,jH„Br,Og,  pale 
yellow  needles ;  manonitroapigf^nin 

C,,H,0,NO„ 
orange    yellow  prisnmtio    needles ;  triniiro- 
apigenin  CnHjO^CSO^)!-  niimito  yellow  nocdles  ; 
fuxd  ttiranUroaptgenin  C,sU,0j(N0,)4,  ajiuoiit 
ocAourlese  needlM»  iD.p.  243^-241^  (deoomp.)- 

DisazabemfM  apujenin  crystallises  in  rod 
needles  (Perkiu,  i.e.),  m.p.  2«0'*-292**  (decomp.) 

CAN, 


OH 

and  with  acetic   anhydride   gives   only  the 

onnge  red  needles  which  commence  to  decom- 
pose at  2>W  and  melt  at  ahout  277''-280'. 

Apigeiiin  closely  resembles  chrysin  in  its 
tinctorial  properties,  although  it  is  a  eomewliftt 
stronger  dyostufl.  The  shades  it  snves  upon 
wo<^  mordantod  with  aluminium,  chromium, 
nnd  ifon  m«  respectively  pure  yellow,  weak 
yellow  orange,  and  chocolate  brown. 

Apigenin  is  also  preseut  iu  weld  {Rr^tda 
luteola)  (Perkin  and  Horafall,  Chem.  Soc.  Trans. 
1900.  77,  1314),  and  exists  probably  also  in 
camomile  flowers  (Parkin)  (private  oommmdca* 
t'lnn).  A.  G.  I. 

PARSLEY,  OIL  OF.  v.  Oils,  bssxktul. 

PARSNIP,  PeuoeAmiMs  MOmm  (Beoth.  and 
rfook.).  Tho  tnj)  ror,t  is  used  iis  a  vegetable. 
Konig  gives  as  tlii-  average  oompo.siLion — 

Other  N-  Crude 
Water  Pzotein  Fat  Snoar  fnesaiMt.    flbn  ASh 
83*2     1-4    0*4  2?       8*1        3*9  1-0 

It  has  aL^o  been  ued  as  a  root  crop  for  the 
feeding  of  horses,  cows,  and  bullocks.  The 
yield  is  from  12  to  24  tons  per  acre,  and  iho 
rriat«  ri  il  possesses  higher  feeding  value  than 
tonups,  mangolds,  or  oanots  (Gu^pin,  Ann. 
Agfoa.  1900. 26,  476).  The  ash  is  rioh  in  potash 
(42p.«0.  H.  I. 

PAkTING.  Tlio  separation  of  gold  and 
silver  by  means  of  nitric  acid,  v  AssAYino. 

PARTINIUM.  An  alloy  of  aluminium  and 
tunjj.Htcn  ust^d  in  atitomnhile  construction. 

PASTES      -    (  ilvMS,  IMITATION. 

PATCHOUU  OAMPUOR  v.  Camphobb;  also 

PATCHOULI  OIL  v.        .  k  skntial. 
PATENT  LEATHER  VARNISH  v.  V.AiunsH. 
PATENT  PHOSPmiiES     Aau&m  oyk- 

BTtTFFS. 

PATERAITE  v.  Molysdbnum. 

PATERA.  The  gieen  film  which  furms  upon 
bronze  and  copper  mouldinir*?,  anrl  consisting  of 
basic  copper  carbonate.  On  bronze  statues  it 
produces  a  pleasing  efleot  owing  to  its  colour, 
smoothness,  and  transparency,  ho  that  the 
bronse  itsm  may  be  seen  through  it  in  places. 
The  conditions  which  favour  the  formation  of 
patina  are  a  uure  atmosphere,  the  presence  of 
moistnre  in  the  air  or  in  the  earth  whero  tiie 
.irfiHe>i  mny  have  lain  buried,  and  a  smooth 
purfacc.  The  linetit  examples  of  patina  arc 
found  upon  bronsos  of  ancient  manufaoture  in 


which  much  tin  and  little  zinc  was  used  as  alloy. 

The  elTeet  of  a  natural,  and  mnscqnently  slowly 
formed,  coating  of  patina  Ls  frequently  imitated 
artificially  by  wistting  artides  of  faromie  wtth 
dilute  acids. 

PATRONITB.  A  vanadlnm  solpUde  (VS« 
or  VjSj  +  wS),  forming  a  larpo  deposit  in  the 
Qoisque  (or  Mioasragra)  district,  near  Cerro  de 
Pasco  in  Bmu  It  is  amorphous  and  dnll  with  a 
black  or  very  dark  rrrmish-blaek  colour,  and 
somewhat  rcsembleii  asphaltum  in  ap^arance. 
AnalvHes  show  IS  to  24-8  p.c.  of  vanadium  with 
comliined  stilphnr  and  various  impurities  (silica, 
alumina,  free  sulphur,  carbonaceous  uiutter,  Ac,). 
Sp.gr.  2-C5-2-71.  Banded  with  vanadiferouH 
aspEaltom,  qnisqneita  Iq.v.),  and  a  coke*like 
materia],  it  forms  a  large  vein  or  lentknlar  mass 
in  red  Bhales  of  Cretaceoua  age  which  are  pene- 
trated by  dykes  of  igneous  rock.  This  deposit 
has  been  extensively  mined;  the  material  to 
I  roasted  to  drive  off  volatile  conrtitucnts,  and 
the  rrpidue  exported  fT  the  manufacture  of 
vanadium  st»  el.  (See  W.  F.  Hillebrand,  Amer. 
J.  Sci  1907,  xxiv.  141  ;  B.  F.  Hewett,  Trans. 
Amer.  Tnst.  Mining  Engin.  1910,  xl  (1909),  274) 

{v.  ^'  VN  A  IiM  M).  l.  J.  & 

PAULLUillAHMIC  ACID  v.  GvAMm. 

PAVUH  V.  HOSSB  CMMI'ITIIV. 

PAWPAW,  Carica  Papaya  (Linn.).  The  fruit 
is  edible.  Acoording  to  Prinsen  Geerli^  (Chem. 
Zeit.  1897, 21, 7ie>.  the  following  fignres  give  i«a 

avcraae  enn^ititution  :- 

Average  wt.  ol  1  fmit  Flesh  Hind  Seeds 
800  grammes       05      10  26p.e. 

The  flesh  contains — gluoo.'^?,  2*6  p^C, ;  fruotOSe, 
2*1      ;  cane  sugar,  0*9  p.o. 

Of  more  importanoe  is  the  ooomnrenee  in  the 

juice  of  the  fruit,  of  an  enzyme  —pnpntfin  or 
papain — which  resembles  pepsin.  In  the  West 
Indies  this  juice  is  collected  by  making  incisions 
in  the  fruit  while  .still  on  the  tree,  \vi\h  a  bone 
or  wooden  knife,  and  receivmg  the  juice  in 
earthen  or  glaas  vessels.  The  juice,  which 
rajMdly  coagulates  to  a  vriiite  onid,  is  very 
putrescible,  and  has  therefore  to  be  rapidly 
dried,  either  in  the  sun  or  by  artificial  heat, 
care  being  taken  not  to  raise  the  temperature 
much  above  3(S*-40*  (v.  PinuDr). 

n.  T. 

PEA.  The  garden  pea,  Pisum  saiivum 
(Linn.),  is  a  leguminous  plant,  groAving  in 
temperate  climates.  The  socxis  are  used  largely 
as  human  food  in  the  green  immature  condition 
and  also  when  ripe  ana  dry. 

Tlie  air-dried  ripe  seeds,  on  the  average, 
contain  (KSnig) — 

Water  Protein  Fat  N-froe  extraot  Omde  flbie  Ash 

13  fi      23-4    1-9         52-7  5-6  2-8 

Vl  the  total  nitrogen  in  peae,  non-prot^id 
nitrogen  constitutes  from  8  to  11*6  p.c.  The 
proteid.s  have  been  investigated  by  Oshomr 
and  Campbell  (J.  Amer.  Chem.  iSoe.  IbUO, 
IH,  583;  ibtd.  1898, 20,348  and  4 10),  who  find  them 
to  consist  of  Ugumin  and  victUfi, together  amount- 
ing  to  about  10  p.c,  legutntUn  about  2  p.o.,  and 
two  other  substances,  protoprotiost  and  deutcro- 
proteo$e.  Legumin  is  a  slobulin  not  coagulated 
at  100^  and  containing  l7'7ft  p.c.  nitro^ren  and 
<M*;  p.f  .  su!|)liur  :  vicilin  is  a  Himilnr  -nbetance, 
but  coagulates  at  95*  and  contains  17-15  p.u. 
mtrogen  and  only  0*1  to  0'2  p.o.  sulphur; 
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Icgiiinclm  is  an  albumin,  ooagulatee  below  80** 
and  Fesemblea  the  leaoosm  of  iriieat  (Oabome 

and  Harris,  J.  Bio!,  rhom.  1907,  3,  213).  For 
description  of  the  iiydrolysiB  of  these  proteida, 
V.  Osborne  and  Hcyl  J.  Biol.  Chem.  1908,5,187. 

Choline  anil  tri^oiu-llin*!  have  been  foun'l  in 
peas  (St-huko  and  Franldurt,  Ber.  1894.  27. 
769). 

The  mtrogeU'Crae  extract  contains  about 
68  p.c.  of  stanh,  IChS  p.o.  of  dextrine.  Ac,  and 

4  p.o.  of  pentosans.  The  fat  is  n  p:Ue-yeIIoM- 
oil,  containing  much  lecithin  and  some  phyto* 
stcnoL 

Grppn  peas — ^the  unripo  form  in  whicli  thi> 
seeds  are  usually  eaten  as  a  vogeteble,  contain 
oil  the  aveng^^ 

Saifsr  and  otlMf  Crude 
Water  Protein   Fat     N-free  snbst.      fibre  Ash 
77-7      O-fi     0-5  12-4  1-9  0-9 

The  nitrogenous  matter  consiate  iaigely  of 
non-pcoteid  bodies,  25-33  p.c.  of  the  total 
nitrogen  being  in  this  form. 

The  ash  of  peas  contains — 
KjO  NajO  CaO  MgO  Pe,0,  P.O.  80.  8IO,  CI 
41-8    10   5-0   8  0     0-9    36-4  0-9  1-5 

Bottled  and  canned  greai  peas  arc  largely 
prepared,  and  in  many  oaiiM  the  colour  is 
rendere.l  l)riuliter  by  the  nse  of  copper  com- 
pound.s,  added  either  by  actual  addition  of 
some,  copper  salt  or  by  boilinff'  the  peaa  in  a 
copper  vf  ssf  l.  According  to  Tschircn,  an  in- 
HOluble  ph  \  llo(  yauatc  of  copper,  Cu(C|4H«Nj04)j 
is  produce* i  in  the  tissues  of  tiie  {Ma  oy  such 
treatment;  60  milligranis  of  copper  per  kilo- 
gramme of  peas  is  said  to  \m  suUicient  to  im- 
part ii  ]M  riiiaiient  and  adequate  grcenne.'w  to 
peaa,  and  twice  this  amount  is  permitted  by 
law  in  IVanee  and  Italy  {Wynter  Blyth).  Such 
addition  of  (X>i>per  is  ille;/rtl  in  Knt'lHiul. 

Tilt'  tielil  pea,  i'isum  arvtnse,  is  an  im- 
portant farm  crop,  the  seed  famishing  an  excel- 
lent  and  richly  nitrogenou?!  fond  for  fattdiing 
stock,  while  tno  power  of  collect  in  nitrous  n 
from  the  air,  nrhion  peas  in  oommon  with  other 
kfjwminota  possess,  serves  to  enrich  the  soil 
on  which  it  is  grown. 

Th(  following  analyses  by  Kellner  shov  the 
average  composition  ol  field  peas : — 

Pro-  N-freo  Cnido 
Wafer  tt  in  F.it  extrnct  fibre  Ash 
Qreeo  plant.  flovi-erinR  84*6 
Ha^j  cot  in  flon^er  .  16-7 
8tfaw,  cut  when  ripe  .  13  6 
Seeds,  idr«drlsd  .  .  14*0 
Hotks  .  12*0 

BrsD  .  11*7 

fesdln?  meal  .  is-S 


40 
14-3 

00 
22-5 

7-3 
16-8 
234 


liO 
1-C 
1-6 
1-2 
1-7 


5-1 

a;j-7 
r.3'7 

31-9 
46-2 


4-5 


5-4 
44  7 
20- 1 

20  610  70 

H.  I. 


1-  4 

7-0 
fl-6 

2-  8 
20 

3-  5 
31 


PEA  IRON  Ofi£  V.  IsoK. 
PEA -NOT,   Birth -iiitt  or  Ground-nut, 

Arachis  hypoqoea  (Linn. },  tlic  swd  of  a  plant  v;r.)W. 
ing  in  warm  climates.  After  flowering,  the, 
stalk  bonds  over  and  enters  the  soil,  where  the 
seeds  grow  and  ripr  n.  The  .seeds  are  contained 
in  paper-lilio  pod^  or  husks,  and  there  are 
usually  two,  though  in  some  varieties  four  seeds 
in  each  pod. 

The  average  composition  of  the  shelled  seed 
is  given  by  Konig  as — 

Watar  Protein  Fat  N-free  extract  Crude  Abie  Ash 
7-6    27*6  16-7  2-4  2-5 

Tho  wtiter  ha.i  fouml  in  samples  of  Trans- 
vaal poa-uuts  considerabiy  higher  proportions 


of  oilt  the  following  three  analyM  may  ba 
quotcKl  (A  grown  in  the  Transvaal  from  Virgittian 

seed  ;  B  grown  in  the  Trjmsvnal  from  Si>ani«!li 
seed ;  C  imported  seed,  variety  *  Mammoth ') : — 
100  pods  of  A  weighed  1064  grammes  and 

contained  169  kernels; 
100  polls  of  B  weighcil  102*4  grammes  and 
contained  170  kernels; 

100  pods  of  r  writhed  190*3  grammes  and 

contained  288  kernelf!. 

A  consisted  of  60  p.c  kernel,  B  ol  76*4  p.e., 
and  C  ol  71*7  p.c  kernel. 

ThekeiTids,  on  analysis,  gave  the  following 

A        n  c 
Moisture        .     4-88     5-05     4-37  p.c. 
Protein  .       .    801S   3M9   24*82  „ 
Oil  .    46*06   46*06  54-35  „ 

The  seeds,  after  roasting,  pos.«<efls  an  agree* 
able  nutty  flavour,  and  are  used  to  some  extent 
as  human  food.  They  are  of  more  importance 
as  a  source  of  oil  (v.  AraohiB  oil.  Art.  Oils, 
FnciD,  Ann  Fats),  while  the  iwess  oaks  left  is 
a  valuable  catfle  food  miitaimng,  aooording  to 
Kellner — 

Water  Protein  Fat  N-free  exteact  Crude  fibre  Ash 

9-  8     44-6    9*2        23S  5-2  7-6 

Samples  containing  up  to  50  p.c.  protein 
are  not  uncommon,  and,  if  Hun  seeds  are  fese 
from  sand,  the  ash  is  lower  than  the  fignrea 

given. 

The  *  vines,'  after  removal  of  the  seed,  may 
be  used  as  hay  for  cattle.  Ameriosn  analyses 

show  them  to  contain — 

Water  Protein  Fat  N-free  extract  Crude  flt>ro  A*h 

10-  0     10-0   3*6         42-0  22-0  12-4 

For  a  description  of  the  cultivation  and 
applications  of  the  pfa-nut  or  'pindnni'  in 
Jamaica,  see  J.  Imp.  Inst.  1898,  Dec.  341. 

H.  L 

PEACH,  Prunu-a  Pcrsica  (Stokesi,  a  free  grow- 
ing in  warm  climates,  bearing  a  fruit  which  is 
valned  for  table  purposes.    Many  Tsrieties  are 

kno"i%Ti  ;  thrv  mny  l)e  divided  into  tvpr'? — 
cliim-sione  and  iree-stone  peaehes,  according 
to  tne  character  of  the  connection  In  tween  the 
fleeh  and  the  stone  or  '  pit '  of  the  fruit. 

KBnig  gives  as  the  average  composition — 

Free  Invert  Cane  Otlwr  N- 
Watet  Protein  add  tufflu*  aogar  lies  ext.  Fibie  Aah 
82-0    0-»    0-7    Pi    4-5      1-8     «»6  0^ 

Under  '  fibre '  in  the  above  figures  is  in- 
cluded the  stone,  which  constitutes  from  4*6 
to  6*8  p.o.  of  the  irtiolw  fruit.   About  0*8  p.c 

of  ixnto.snns  is  ]>rr>tiit.  The  ]Ka<-h  kernel 
contains  a  tixed  oil,  amvg<lalin,  aixd  a  proteid, 
amandin  (Oslwnio  and  Campbell,  J.  Am». 
Chem.  Snc.  1896,  18,  609).  For  ehLUifjrs  in  ci«m- 
|K>(<uion  during  ripening,  v.  Bigelow  and  t^tire 
(J.  Ainer.  Ghem.  Soo.  1905.  27.  915). 

The  juice  of  peaches  has  a  sp.gr,  of  about 
1-05,  contain.H  13  p.c.  of  total  solids,  including 
2  p.c.  invert  .sugar,  7  p.c.  of  cane  sugar,  and  0-6 
p.c.  free  acid  (as  malic  acid).  It  can  readily 
be  fermented,  and  is  used  as  a  source  of  alcohol — 
so-called  peach  brandy. 

Peachei'  are  often  preserved  by  drying,  or 
caiuiing  in  syru  p,  American  analyses  of  canned 
peuchc-s  .show  f  !iem  to  eonlnin— 

Water  ProteUi  Fat  K-free  extract  and  fibre  A>b 
iW'l      0*7     0-1  10*8  0*3 

H.  I. 
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PEACH    KERNEL.    OIL    OF,    p.    Oiu,  I 

EaSKKTlAL  ;  uho  Ou.S,  FlXED,  A^D  FaTS.  I 

PEACH  WOOD  V.  Bbaztl  wood. 
PEACOCK  COPPSR  ORE  v.  Cofp£R-pv&itks.  i 
PEAR,  Pijrm  ^mmunia  (Linn.).     Many  ; 
varieties  are  kn  i  An.    The  ;i  w  :  <Lj;f  composi-  ' 
tion  of  the  rii>e  fruit  is  given  by  Kdnig  as — 

Free  lawrt  Guw  Other  N- Vllmand 
WWW  Pntein  add  tiisar  sngar  f ne  extract  vipe  Aih 
83-e     0-4    0-S   71    1-5      34       2*8  0>3 

A  considerable  quantity  of  pectin  and  peotoiui 
substances  is  pcesent.  rear  jDioe^  like  appk 
juice,  readily  lermenta  and  yiada  an  aloohonc 

,Ii(jui(l — perry -  resomblinj;  cider.  From  this  a 
brandy  can  be  prepared  (v.  Wiadisoh,  ZeiU 
Spizitiudiid.  1906,  2887).  Tannin  is  pnoent, 
especially  in  the  rind  (Kehlhofer,  Bied.  Zentr. 
1900,  29^  24S).  The  rind  aW)  contain-i  a  wax 
melting  i\t  08^  (Seifert,  Lsndw.  \'ersttiolia.  8tot» 
1894,  45,  21) ),  Tho  dried  seeds  of  pears  werp 
examined  by  Ilubcr  (Landw.  Versnchs.  Stat. 
1011,  75,  443),  who  found  them  to  contain — 

Fat  Siutar  jrartorokls  CradB  Atara  PiotaUt  Amidet  Ash 
250  54      6<7  9<0       6-4       0-2  3-8 

The  leaves  of  pear  trees  contain  from  1*2  to 
1*4  p.c.  of  a  glucoside  (m.p.  194'*),  which,  on 
hydrolysia,  yields  quinol,  and  is  probably 
ioeiitiral  with  ;irbutin  (Ikuirquelot  and  Fic  ht«  n- 
lidz,  Compt.  read.  1 910, 151, 81 ).  The  e.\ittteaoe 
df  qtdnol  &  tho  bads  ol  peuteees  was  obaenned 
by  RiriAre  and  BailhaoJxe  (Oompti  fend*  1904, 
139,  81). 

Tlie  aali  of  peais  (whole  fruit)  was  foimd  by 

•Wolff  to  COD  tain — 

54-7   8%    6-2    8K)    16-3  5-7* 

Pears  nre  sometimes  dried,  ^I'lt  tti ure  generally 
preaerved  by  canning.    Amencan  ;inalyses  give 

the  following  s — 

Tutal  carhd- 
Water  Protein  Fat  Lvdrate* 
Dried  pears  .    16-5     2-8   2-4      ^2-9  2-4 
Oanned  pears    81  •!     0-3  0>8      IS'O  0*3 

H.  L 

PEARCEITB  V.  Polybasitb. 
PEARL  ASH.    A  variety  of  potassium  car- 
bonate. V.  PdTAS.sn  M. 

PEARL  SINTER.  A  kind  of  opal  found  in 
tiie  eavitiee  of  -volcanio  tufa. 

PEARL  SPAR  V.  Dolomitb. 

PEARL  WHITE  ia  (1)  a  basic  bismuth  ni- 
trate or  oxychloride  (v.  Bismoth)  ;  (2)  a  prepara- 
tion of  mother-nf-pearl. 

PEARL-HARDENING  {SaUti  sjnr  or  A/uta- 
line)  is  the  trade  ni\mf>  for  artifieiat  crystallised 
c-alcium  sulphate.  It  may  be  prepared  by 
treating  calcium  chloride  solution  with  dilute 
sulphuric  acid  ;  by  boiling  waste  gypsum  with 
hydrochloric  acid  (Eng.  Pat.  1677,  1897)  or  by 
tne  double  deeompfxAion  of  sndlnm  or  mag- 
nesium sulphate  with  odtiinii  eldt)rirlr  (Eng. 
Pat.  7797,  1891).  It  is  used  in  paper  manu- 
facture as  a  filling  for  writing  paper  {v.  Caloiuh). 

PEARLITE.  The  name  piven  bv  S<)r»)v 
(.L  Iron  and  Steel  Inst.  1886,  140;  1887,  2r>.i) 
to  the  eutcctio  mixture  of  ferrite  and  ecnicntite 

{)re«ent  in  steels.  It  may  consist  of  alternate 
amcUfls  of  the  conHtituentH.  which  in  obli<|ue 
light  show  iridescent  •■oloiirH  like  iimther-of- 
peari,  or  it  may  exist  in  granular  or  *  bcsadv ' 
forms  (Benodicka,  Mdtalturjdo.  1009,  A,  5A7). 
Tlia  two  ooostitnents  are  identical  with  '  free  ' 


ferrito  and  cementtte  (Ledebur,  StahL  U.  £iaan» 
1887,  8.  742  ;  1891,  II,  204). 

It  is  the  principal,  sometimes  the  only 
constituent  of  intermediate  steels  and  under 
the  microecope  is  characterised  by  polishing  in 
relief  or  etching',  when  the  oementite  Stands  out 
from  tho  softer  ferrite. 

FBARIiB.  Galeareous  oonevetions  formed  by 
various  molluscs,  those  nse<l  in  jewellery  being 
mostly  ubtuiaed  from  tho  largo  p«'arl -oyster, 
A  vie  ula  ( Mfhagrina )  margarUifera  ( t»T  ni . )  •  I'he 
analy.six  of  sever.il  tine  \vliif»  j>earlg  by  Ilarlev 
gave  ealc-ium  carbonate,  lit -72  ;  organic  matter, 
6-5)4 ;  water,  2-23  (Proc.  Roy.  Soc.  1888,  43, 
461).  The  calcium  c&rbonate*  is  ol  the  ortho- 
rhombic  modification  identical  with  the  mineral 
aragontte,  and  the  orirani^  matter  is  chiefly 
oonohiolin.  The  ap.gr.  of  pearls  varies  between 
SHMfO  and  2488.  Most  peails  present  a  oon- 
centri''  sfr-ieture,  having  been  formed  by 
8Uoces8ivc  dep«i.sit.s  around  a  nucleus,  which 
may  be  a  gsain  of  Hand,  a  parasitic  organism,  a 
fragment  of  seaweed,  or  some  other  foreign  body 
which  by  irritating  tlie  mollusc  stimulates  the 
secretion  of  nacre.  The  pearls  are  usually 
found  in  the  mantle,  but  sometimes  in  the 
muenlee  of  the  moUnsc ;  or,  having  escaped 
from  the  ti.ssues,  they  may  bfiome  adherent  to 
the  sheU.  To  be  valued  by  the  jeweller,  the 
peari  should  be  of  sphefical  form,  while  its  ekin 
or  outer  cf  a*  ild  display  the  delicate  irirle'?- 
cent  sheen  known  as  toe  '  orient.'  PoarL-i  of 
more  or  less  heniLspherieal  shape,  out  frr)m  the 
shell,  are  termed  fxrutiyni^ ;  ■while  those  which 
are  warty  or  irregular  in  form  [tusn  under  the 
name  of  baroque.  Occasionally  the  pearl  in 
found  completely  embedded  in  the  mother-of- 
pearl.  Some  pearls,  instead  of  showing  a  con- 
centric structure,  are  crystalline,  being  lornposcd 
of  striated  prisms  radiating  from  the  centre,  and 
these  may  or  mav  not  possess  a  nndeos  (Hadey, 
Proc.  Roy.  Sew.  "!SS'>.  v),  512). 

The  principal  niarl  lisherios  are  those  of 
Torres  Straits  and  the  north-west  coa.st  of 
Western  Australia,  the  Snlu  -Archipelago,  Ceylon, 
and  the  coast  of  Madras,  thu  Pornian  Gulf,  and 
the  Gambier  and  Pomotou  Islaiuis.  The 
American  fisheries  are  ciiiefly  in  the  Caribbean 
Sea,  off  the  coast  of  Oslif  omia,  and  near  Panama. 
The  pearls  are  mostly  derived  from  M<h n'lrina 
Califamica  (W.  H,  Dall,  Americ  Nat.  1883,  17, 
679.  731 ;  EL  W.  Streeter,  Peails  and  Pearling 
Life.  T^rmdon.  1S8«). 

Coloured  pearls  are  occasionally  found,  the 
tint  in  each  case  being  dejiendi.  nt  on  thifct  of 
thf  nacre  lining  the  shell.  The  highly-prized 
black  pearls  are  obtained  chiefly  from  Mexico, 
and  it  has  been  suggcste<l  that  the  colour  is  due 
to  the  preeenoe  in  the  water  of  salts  of  silver, 
deriyed  from  neishbourini;  tflver  mines.  Peads 
have  l>een  artifii  ially  .stained  by  nieann  of  silver 
salts.  Pink  pearls,  sometimes  finely  water-lineti, 
are  mostly  derived  from  the  oonch  shell  ffffom- 
bii/i  gigni* while  large,  coarse,  yellowish  pearls 
are  obtained  froni  the  great  ilam,  TriJncnn 

The  principal  source  f)f  fresh-water  pearls 
is  tho  |M?arl-mu«?M»l  {Ihiio  mnrffftritiff m.s),  a  mol- 
lusc widely  distributed  in  the  rivers  of  northern 
temperate  regions.  It  is  found  in  the  Tay, 
Forth,  Earn,  Doon.  and  many  other  mountain 
streams  in  Scotland.  Scottish  pearl-flshing  was 
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roTived  io  iHi)0,  and  succeasfully  carried  on  for 
some  years  by  M.  Unger.  The  pearl -musiiel  is 
ivlri:>  found  iu  *  uiiilicrLiiiil  ;  in  W'.Ufs.  (--(pocially 
in  the  Conway  ;  and  in  I  rt'laad.  On  the  Conti- 
nent  poarl-fishing  has  been  prowouted  in  Saxony, 
Boluriui.i.  ind  r.avaria  ;  and  in  Nurw  iy,  S«  t<(if  [i, 
iiud  ti\*3U  Liapland.  The  American  riverii  altk> 
yield  pearl -bearing  molluscs,  especially  in  Now 
Kngland,  Ne«  Joraey,  nrnl  Ohio  ;  and  in  Canada 
(G.  F.  Kunz,  Gtjiiipt  of  2s.  Aiuerica,  New  York, 
1890).  Freah-water  pearls  are  likewise  obtained 
from  China  and  Japan,  and  the  Chinese  exhibit 
much  skill  in  inducing  the  formation  of  pearl  by 
the  artificial  introduction  of  certain  objects,  upon 
which  the  mollusc  dapoaits  a  nacreous  layer. 
OhinnM  ahdb  with  imagwi  of  Bnddha  formed 
of  pearl  adhcront  to  thn  inner  .tuifafe  are  well 
known  to  collectors  (Macgowan,  Jourii.  .Sou. 
Arts.  1803,  ii.  72). 

The  so-called  <  oco.i-nut  pearls,  from  the 
Miilay  Archipelago,  are  ix:.iri-like  bodies,  re- 
serobling  ivory,  said  to  be  found  inaide  cocoa- 
nuta.  Certain  bodies  which  have  been  de- 
scribed M  mammalian  pearls  are  simply  biliary 
Coiu-ret ions,  forinyd  mainly  of  dioloaterol. 

Artificial  pearls  are  manufactured  on  the 
Continent  in  a  ▼ariety  of  ways.  Some  are 
^lobt's  of  thin  opalinf  glass,  filloil  with  gum  or 
wax,  and  deadened  on  the  surface  by  means  uf 
hydrofluorio  acid.  The  better  Idndi  are  g^aaa 
Rlobulos  lined  with  a  nacreous  composition, 
formed  by  digesting  the  silvery  scales  of  tlie 
bleak  in  ammonia.  Roman  pearls  are  giaaa 
inheres,  to  which  the  naereona  material  is  ap- 
plied externally.  Odlnloid,  incorporated  with 
iinli  srak'3,  lias  become  a  favourite  material  for 
artificial  pearls.  Black  pearls  have  been  imi' 
tated  by  beads  of  a  Tery  oompaot  htematitA. 
which  may  be  p  'lished  so  ns  to  present  a  kind 
of  plumbago-luatro.  Pink  pcark  are  freq^uentiy 
comonnded  withboadaof  p  ile  coral  {v.  Mothkr* 
OK  Pr\RT,) ;  Uerdman  and  Momell,  Rep.  Cevlon 
iVari  l^isheries  (Roy.  Soc.  Iiondon,  1903);  G.  F. 
Kun/.  and  C.  H.  Stevomon,  The  Book  of  the 
Pearl  (New  York,  1908). 

7  TIT  1^ 

PEAT     1  !  TURF  r.  FuBL. 
PEATWAX  V.  Waxks. 
PELAROOmO  A€ID  «.  Nonoio  acvds. 

PELLETIERIMR  v.  Vi;(ii;To-Ar>KArx>niS. 
PELLITORY  RESIN  t;.  Kesiks. 
PENNETTIERS   GRBBN.   BfMtA  cksro- 

mium  sesquioci'le  v.  '  iifv  ^tii  m. 

PENNYROYAL.  OIL  OF  v.  Oils,  essen- 
tial. 

PENTADECATOIC  ACID  C,4H„C00H,  m.p. 
r>l°,  b.p.  2r)7''  (100  m.m.),  ia  ohtaiuetl  by  the 
4ixidation  of  methylpentadecyl ketone  (Krafit, 
Ber.  187U,  1671)  and  by  iie'ating  pentadeoyl 
aleohol  with  potaadum  carbonate  (Panics, 
Monn<sl).  ].-.  14). 

PENTAHYDROXYBENZENE  v.  Fhexol  and 

ITS  HoMOLooUE.S. 

PENTAL  ".  Sv  ■      Ttf-  DBX708. 

CV?o-PENTANEDIONE  v.  Ketonks. 

C.*/rf'j-PENTANONE  v.  Ketones. 

PENTLANDITE.  A  native  sulphide  of  nickel 
(10-4(»  p.c.)  and  iron,  (Fe,Ni)S,  forming  granular 
masses  with  n  pale  bronze-y  II  iv\  colour.  It  is 
an  important  constituent  v  f  the  extensively 
mined  nickel  oiei  ol  Sudbury  iu  Ontniio  («. 
PintRBonn  > ;  and  it  haa  alio  been  found  in  tonie 


quantity  in  the  Essaichossan  mine  near  InTerary 
in  Argyllshire,  and  at  T.illehammer  in  Norway. 

L.  J.  S. 

PENTOSANS.  PENTOSES  v.  CaBBOHTDKaxiis. 

PBPPBR  ia  the  dried  fmit  of  Piper  nigrum 
(Linn.),  a  plant  nf  tlie  same  f.iinilv,  PipemtflBt 
as  the  Hetei  popper  and  Lung  jHjpper. 

It  is  a  climbing  plant,  from  12  to  20  ft.  high, 
srrowinu  in  the  East  and  West  Indies  and  culti- 
vated iu  many  tropical  countries.  The  fruit  i& 
borne  on  terminal  Hower  stalks,  20  to  30  on  eftoh 
stem,  the  berries  being  about  ft  mm.  in  diameter. 
It  is  fi;;»ihered  when  it  begins  to  turn  red,  dried 
ill  the  siin  or  by  artificial  heat,  after  which  it 
beoomes  black  and  shrivelled.  Two  crops  aru 
ooUeefeed  annnally. 

The  (hief  varieties  coming  int<;  the  market 
at  the  present  time  are  Mangaiore  (very  little), 
Malabar,  Ceylon,  Java,  and  Tdlioherry,  Trang, 
Penang,  and  Singapore,  the  fTr<;t  mentioned  being 
the  most  e.steemed  in  the  trade. 

Prepar'itinn.  Black  pepper  is  the  whole 
berry  gathered  in  the  green  condition  and  dried 
in  the  sun  or  in  the  cas«e  of  some  varieties,  aa 
that  of  Singapore,  over  a  fire. 

'  White  pepper  is  the  same  berry,  gathered 
when  more  mature,  bat  deprived  of  a  portion 
of  the  pericarp  or  outer  slun  by  maccratidg  in 
water,  drying,  and  tlien  nibbing  between  the 
huids.  fromn  to  12  p.e.  of  husks  being  thus  ob- 
tained. The  berries  even  after  this  are  Irifircr  than 
those  of  iilack  pcjpper,  but  in  no  other  respeet 
doeft  the  greater  degree  of  ripeneas  show  itself. 

Compo9i({'yn.  The  constituents  to  which  the 
flavour  and  aroma  of  jiepper  are  due  are  a  resin, 
an  alkaloid,  piperine,  and  a  volatile  oil.  Accord- 
ing to  W.  Johnstone,  pipmiUnx  ia  also  present, 
bat  tins  has  been  oontrodmted  (Zeateoh.  Sffenti. 
Cliem.  1904.  10,  137).  The  usual  plant  eon- 
stituentH.  including  much  starch,  make  up  the 
bulk  of  t  he  matensL 

The  followinir  tablo  shows  the  Comp«ntiT« 
composition  of  the  two  varieties. 

Table  T. 

Composition  ok  Tei'I'kk. 

(Riohudson,  17.8.  Dept.  of  As;ricu1tare,  Baraan 
of  Chem.  Bui.  13.  II.,  200). 

lUack  pepper    Wliite  pepper 
8  0  to  11-0 
2-75  „    5  0 
0-60  „  1-76 
7-0  „ 

n2-o  „ 

80 

Pejj}>er  itsi'if  is  mainly  employed  a»  a  condi- 
ment, the  shells  being  used  for  tinned  foods, 
sausaees,  eta  Black  pepper  is  official  in  the 
British  PhArmacopoeia,  nnJ  like  the  volatile  oil 
acts  as  H  cmminative  aiid  stoni:»<  liie. 

AtivUeraiion,  The  number  of  flifferent  sub- 
Rtance.s  which  have  been  reconled  from  time  to 
time  as  adulterants  of  pepixr  is  very  large,  but 
in  this  country  but  little  sophistication  hM  been 
detected  of  recent  years. 

Kxccssive  proportions  of  minersi  matteirs 
inay  be  present,  owing  to  the  whul*'  luriiea 
having  Iwen  insufticiently  cleansed  from  ad- 
h&reiA  earth;  or  to  their  having  been  coated 
with  kaditt,  French  chalk,  or  similar  matMial, 


Water 

Ash  .... 
^' olatile  oil  .  . 
Pijierine  and  resin 

Ft  arch  .  . 
Crude  fibre  . 
Albnnunoids 


S-0 
38-0 

11-  0 

12-  0 


8  0  to  1 10 
1-0  „  2  0 
0-6  „  l-7fi 
7-0  ,.  8-0 
40-0  „44-0 
4  11  „  80 
8'0  „  10-0 
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so  us  to  enable  blavk  pepper  to  cuunteiieit  the  |  The  most  conspicuous  staructural  elements  of 
whiU)  variety ;  tt  high  ash  may  also  result  from  I  the  outer  hhell  are  the  spiral  vesselR  and 
tbe  delibcriite  additioa  of  minerftl  substances  to  the  hy^Mxlermal  stone  oelia  of  the  ^ncan^ 

 •  '  disting^Bhed  from  the  stone  cells  of  the 

Hmlocurp  (beaktr  cells)  by  their  larger  ami 
more  variable  size  (15  to  20fi  and  sometimes 
100/u  longX  1ms  regnlar  shape,  thicker  waUs 
and  yellow  brown  cilour.  The  polj-gonnl 
beaker  cells  have  pitted  wails  aud  uro  colourless. 

In  examining  white  pepper  for  added  shell, 
cnre  must  be  taken  to  see  that  the  above- 
mentioned  structures  of  the  outer  layer  are 
present  in  substantial  proportion.  The  inin  r 
layer  is  a  normal  oonstituent  of  white  j^pper. 


tbe  ground  pep^Hir. 

The  commonest  adult«raut,  however,  b 
added  starch,  that  of  rice  beiu2  mottt  frequently 
employed.  Some  years  bscK,  ground  oUve 
stouc"?  ('  poivrotto  *  or  *  pepperctte ')  ■werf  fr'-- 
Oueutiy  mot  with  in  sampler  cxamiued  under 
the  Food  and  Drugs  Acts,  and  many  proseoaliaiui 
resulted.  The  husk  removed  from  white  pepper 
io  the  course  of  maiuifacture  is  frequently 
added  to  both  black  aud  white  pep])erK,  being  in 
the  latter  ease  bleached.    In  wliito  pepjper  it 


must  oertainly  be  rs^snled  as  an  adulterant  if  '  and  may  be  found  in  considerable  quantities  in 

the  prop  rti  inof  added  huskisatalisubstHiitial, 
and  numerous  suooessfxU  prosecutions  have 
been  reoorded.  Tb»  addition  of  long  pepper  | 

{Pip^r  hmgttm)  was  formerly  fairly  common. 

A  more  objeoUuiiabiu  offence  Skrimsa  Irum  the 
erase  for  whiteness  in  pepper,  and  it  is  hardly 
too  much  to  say  that,  hut  for  tliis,  adulteration 
would  be  much  less  frequeut.  W'lute  pepper  is 
bleached  to  iiinlv>>  it  whiter  still,  and  fetches  a 


higher  price  in  consequonce  although  very 
dendent  in  aionuL   The  enet  proeess  is  kept 

eei  t,  though  it  is  believed  to  involve  the 
me  of  bleaching  powder  or  sulphurous  acid. 


the  cheaper  grades,  where  its  presenci  i  r.  gnrded 
bv  the  trade  as  legitimate,  although  the  addition 
OS  tile  dietetically  much  more  Taluable  outer 
pericarp  is  looked  u[»n     an  adidteration. 

With  polariised  Uulvt,  ground-olive  stones  arc 
easily  recognised  as  they  stand  out  brightly  in  the 
dnrk  fit-Id,  and  exhibit  a  reddish  tint.  Most  of 
the  structural  elements  of  peeper  remain  almost 
dark,  but  long  pepper  exhibits  ft  bluish  tinge 
under  these  conditions. 

Various  methods  of  staining  have  been 
suggested  which  will  render  the  presence  of 
*  poivrettc  '  visible  to  the  naked  eye,  but  they 


The  bleaching  process  naturally  removes  much  '  are  used  to  greater  advantage  in  eonjunothm 

of  the  aroma  acid  the  purchaser  pays  a  higher '  with  the  microscope.  Dilute  caustic  soda 
price  for  an  impoverished  product,  whion  is  i  colours  olive  stones,  and  sJao  bleached  pepper 
mneh  more  likely  to  become  mouldy  in  eonse*  I  husks  bright  yellow  while  pepper  remains  un« 
qoence  of  the  treatment  it  ha.s  undergone.  '  changed.    A  solution  of  aniline  in  strong  acetic 

Of  the  rarer  adulterants  wluch,  however,   acid  le  vvea  pepper  unaltered,  but  turns  ground 


still  appear  to  be  met  with  in  America  and  else- 
where, may  be  mentioned  spent  ginger,  mustard 
hulls,  Unseed  meal,  ground  almond  shdls,  saw- 
dust and  barium  sxdphate. 

DekUion  oJaduUantum.  (1)  Microscopical 
«caminatioD.  For  the  deleotion  of  added  starch 

the  jr  nil  1  aiKjile  should  be  examined  in  water 
or  dilute  givcerol  without  attempting  to  reduce 
the  material  to  a  very  fine  powdeKTrhe  masses 
of  6t«rch  granules,  cemented  together  with 
protein  subbtauues,  will  then  retain  the  form  of 
the  eeUe  in  which  they  were  endoesd. 

rompar;\tiM  !y  few  isolated  starch  grains 
will  bo  iieeu  in  una  case  if  the  sumjile  contacts 
of  pepper  only,  but  foreign  Htarches  will  be 
easuy  visible.   Rico  starch  alone  presents  any 


olive  stones  or  almond  shells  yellow  brown. 

Mixed  with  a  few  drops  oi  freshly  made  1  p.c 
solution  of  phlorog^udnol  in  sleohol  and  a  (bop 

of  concentrated  hydrochh^ric  acid  ad(hd  olive 
stones,  almond  shells  and  Hubhtanct$B  coutaiiung 
much  lignified  tissue  are  stained  pale  to  dark 
red,  whuo  pepper  is  only  slight  I  \  altered  to  the 
naked  eye.  (For  other  reactiuuji,  f^ce  Analyst, 
XX.  1895,  181.) 

Chftnical  antdysiJi.  For  the  routine  chemical 
examination,  the  a«h  and  the  ash  insoluble  in 
HCl  should  be  first  estimated,  the  analyst  being 
guidod  as  to  further  dctermiaations  by  the 
results  of  the  mioroscopfo  examination. 

If  the  total  nsh  exceedH  5-5  in  the  (.a  i  i  f 
black  pepper  or  3  in  the  case  of  wlutc  peppt;r. 


more  detaQed  analysis  is  required.  The  com* 
position  oi  the  ash  of  pepper  is  as  follows  :— 

Tablk  IL 

Ash  ot  Pepper. 

(R»>ttger,  Arch,  f.  Hygiene,  lS8(i,  Bd.  iV.  183, 
and  fi^ythe.) 


(filBcmty  owing  to  its  small  size  and  general '  sdded  nuneral  matter  may  be  suspected,  MM  a 

resemblance  to  pepper  steirch.    The  granules  of  .  -  'i  .        »  . 

the  latter  vary  uom  0*6  to  5/i  in  diameter,  are  . 
polygonal  or  round  and  show  a  distibot  Ulum  I 
under  a  liigh  power.  Those  of  rice,  of  similar 
shape,  vary  from  2  to  lU/i  in  diameter  aud  are 
also  coileoked  in  aggregates  which  an  never 
entirely  broken  up,  and  -vhcn  tlio  sample  is 
cxiimined  in  l>olarii>ed  hgiit  arc  uoiuly  picked 
out  in  the  dark  field  from  amongst  the  pofiper 
masses  by  thoor  much  more  brilliant  appearance. 

In  examining  mioroscopically  for  olive  stones 
and  for  excess  of  pcpi>er  hu.-?k  it  is  of  advantage 
to  obtain  the  coarser  and  heavier  particles  and 
examine  them  senacatdy.  This  may  be  done 
hy  gifting  througn  a  40  or  60  mesh  sieve,  by 
sedimentation  in  chloroform,  or  by  removal  of 
the  starch  by  boiling  witli  dilute  hydrochloric 
acid.  The  structure  of  the  particles  may  h>- 
rendered  more  easily  visible  by  diguiling  for 


2  or  3  days  in  chloral  hydrate  or  by  trentment  | 
with  dilute  nitiio  acid  and  potassium  chlorate. 


No.  of  .<«nmplc» 

K,0      .  . 

NsjO    .  , 

CaO  .    .  . 

MgO     .  . 

Fe,Oa    ,  . 

MnO,     .  . 

F,0,     .  . 

SO3  .    .  . 

CI  .  .  . 
Silica  or  land 

COs  .    .  . 


Blaekp^psr. 

Pit  rent. 
.  24-4  to  34-7 
1-5  „  6-5 
.  11-ft..  101 
.  3-3  „  13-0 
.  0-3  „  2-2 
.  0-19  „  0-6 
.  8*6  „  11-1 
.  40  „  9-6 
.  5-4  „ 
.     1'5  „  O-f* 

■  H-ii,,  ao-o 


White  pepper. 

2. 

Avcraee. 
«13 
(i-7'.> 
33  0» 
10-69 
2  04 
0-66 
30-06 
3-60 
0-72 

2 -or. 
iU-tfO 
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Tho  amuuntuf  foreign  starch  can  only  be  arrived 
at  indirectly  by  calculation  from  the  pmiKirtioD 
of  Hbre,  or  pontowiu*  or  fixed  ether  extmcl. 
On  sooount  of  the  somewhat  wide  Tttflatioiu 

in  tho  C( r  ition  of  genuine  jiepper,  no 
single  dett-rmmatiou  aSo^s  trustworthy  evi- 
denoe. 

If  ^ound  olivo  stones,  alni..nd  sheU,  or 
siniUiir  substances  have  been  detf<iteU,  tliu  most 
Uiwful  determinatiuns  an'  tli<»**e  of  tho  fibre  and 
starch.  The  starch  sh..ulJ  lie  determined  by 
the  diastase  method  after  previous  extraction 
with  alcohol  and  ether,  or  by  Ewer's  method 
(J.  Inst.  Brewing,  1899,  The  ftbre  by 

boiling  2  grnw.  of  the  sample  tinder  an  inverted 
cun(K•n^^•^•  with  200  c.c.  of  ] -25  p.c.  ^iulphurie 
acid,  and,  after  filtering  and  watthing.  extracting 
for  a  like  p«tiod  with  the  same  ▼oliime  of 
1-25  p.c.  Boda,  the  fibre  being  finally  filtered, 
dried,  ami  weighed  on  a  tared  filter  or  (»ooch 
crucible.  Tho  ash  should  be  dcduoted.  (For  a 
quicic  method,  which,  however,  jrives  different 
results  from  the  above,  see  Stokea,  Attalyst,  12, 
14.)  If  the  fibre  in  a  whitt;  pepper  much 
exceeds  5  p.0.  and  miorosoojpioal  examination 
shows  the  presenoe  of  the  ontor  portions  of  the 
shell,  the  execKs  nf  hu>k  inny  hi-  taken  as 
rouKiily  equ»i  to  the  percentage  of  fibre  less  6 
mnltipiUed  by  3. 

For  ^wcial  purpoeeay  the  estimatioii  of  the 


])ilK>rine  may  be  required  and  should  l>e  carried 
I  out  a.s  follows  : — 

The  dried  aiooholic  extract  from  fiO  gruu.  of 
the  sample  is  treated  with  canstie  aUcali  to 

dis.->olve  resin-i,  etc.,  well  wa.shed  on  a  filter 
with  tho  same  solution,  then  with  water ;  tho 
precipitate  is  next  dissolved  in  alcohol,  the 
latter  evaporated  and  the  n  sidne  redi-- Ived 
in  a  small  volume  of  alcohnj,  the  piiterinc  pn  cipi- 
tated  by  the  addition  *'f  \vjt»  r  and  <.<>lleitfd  on 
a  tared  filter,  washed,  drie<i,  and  weighe<{. 

In  the  case  of  non-nitrogenous  adulterants, 
the  proportion  of  nitrogen  affords  a  useful  basis 
for  oakuiation^  as  the  nitrogen,  other  than  that 
present  in  the  piperine,  is  fairly  constant  in 
amount  in  genuine  pepjitrs.  It  is  l)e-t,  there- 
fore, to  det«rnuoe  total  nitrogen  by  the  Arnold - 
Oanning  method  (•'.«.  mixing  1  grm.  of  the  sample 
witli  uhnut  the  same  wcipht  of  copper  sulphatt" 
and  red  oxide  of  mert-ury  and  digesting  with 
snlphnrio  acid  and  potassium  sulpLite  m  the 
usual  mnnne:  for  the  onhniu  v  Kjeldahl  process). 
The  nitrogen  in  the  etUtr  extract  should  then 
be  determined  in  the  same  manner  and  deducted 
from  tlio  total  nitrogen.  Tiie  nitrM^n  fi|pre 
for  the  ether  extract,  multiplied  by  20*36,  gires 
a  rough  measure  of  the  pipeline. 

The  following  tabled  show  the  restilts  of  the 
analysis  of  jK^pper  and  o£  some  dC  the  most 
lilcely  organic  adultenuita. 


Table  III. 

Rpsidt.s  of  iinnlyses  of  vari(Mi<?  variptir«  of  Black  and  White  pepper  and  of  pepper  shells 
by  Winton,  Ugdon^  and  Mitchell;  Wmton  and  Bailey  (An.  Rep.  Connect.  £xp.  Station  1898, 
19B  -199  J  1909, 15»-1M} ;  and  by  DooUttle.  Mich.  Dairy  and  Food  Dept.,  BuU.  34. 


Nb^offsmplfls  .... 

Blacl^^plN;r 

Whlt^gepper 

Pepper  shells 

Max. 

Min. 

Avfra^te 

Max. 

MIn. 

AvcraK«- 

Max. 

1  Min. 

Moisture       •       •       .  . 

12-95 

8-09 

10-20 

14-47 

804 

10-90 

11-01 

7-00 

Ash,  total  .... 

8-04  ' 

3  09 

5  02 

4-28 

0-86 

1-71 

28-81 

7-82 

Ash,  insoluble  in  Hd 

2-69' 

0-0 

0-61 

0-80 

0-0 

0-17 

22-00 

0-79 

A»h,  soluble  in  water 

3  32 

l-W 

012 

0.38 

4  nn 

1-63 

Starch  (Diastase  method) 

41  75 

22-05 

35 

03t4O 

48-88 

54-97 

15  34» 

2-30 

Ether  exttaot,  volatile 

2-20 

0-65 

1-29 

0-95 

0-49 

1-04 

III 

0*08 

„        „        non-volatile  . 

10-44 

0-00 

7-90 

7-94 

5-65 

0-58 

4-97 

1-51 

Fibre  ..... 

18-80 

10  05 

11-88 

7-05 

0-10 

3-87 

3215 

21-06 

Nitrogen,  total 

2-53 

1-80 

215 

214 

1-85 

I'.tit 

2-33 

1-72 

Nitrogen  in  fixed  etkier  extract 

0-45 

0-25 

0-32 

0.34 

0-24 

0-30 

015 

0-20 

in  20  samples 

in 

10  samples 

in  3  samples 

Alct>hol  extract 

11-80 

""1 

9-44 

8-55      7  19  7-66 
I  1 

6-30 

4-00 

Tablb  IV 


Analysb  of  pepper  adulteiants.  (Campbell 
Brown,  Analyst,  1887,  12,  24.) 


* 

Starch 

Ftbn 

Soluble 

in 

dilute 
aold 

Soluble 

lu 
dilute 
ulkiilt 

White  polvrette  . 
Black  M 
Oroand  atanond 

shells 
Groimd  oUtb  stooes 

1-  8S 

2-  47 

2-05 

none 

none 

none 
none 

48-48 
47-69 

45-38 

»t-32 
34-S5 

23'&S 
89-06 

1408 

17-  m 

15-04 

Standards.  The  United  States  standards 
for  pepper  are  as  follows 


Aah    .  * 
Ash  inaoL  In 

clUorio  acid 
Fibre  . 


hydro* 


Stock  pepper.  White  iH-ppw. 

IS'ot  to  e.xet  t  ti 

7-0  p.c        4  0  p.c. 


Starch 

Fixed  ether  extract 
Percentage  uf  N.  in  lixed 
ether  extract  . 


2-0  „  0-5 
15-0  „  6-0 
not  less  than 
250  „  fiO-0 

0-0  .,  6-0 


4-0 


3-25 


'  These  flKuitMi,o»)ta!ijed  from  Actaein  pq)per.  whicb  oltan  contains  hollow  kcrncjB  and  •Iwll  UiexwM.^^^ 
approaciie.i  iu  ouo  ottwr  »amplBor  the  same  kino*  Apsrt from  those  the  maximuai  flgotes  wonia  be— Ain  7^p,c. 
and  insoluble  ash  1*80  p.c. 
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Ill 


Black  p«pper  should  be  free  from  added 
ftcpper  sheila*  iMpper  dust*  and  other  pepper 
by-uriKlucts, 

U)ng  Pepper  ia  the  fruit  of  Piptr  ofktinamm 
[(Mill.)  (MK'.]  and  P.  lon^m  (Lirui.)  (X.  O. 
Fiueractat)  which  gcowa  in  the  ialandia  of  the 
M«Jay  uchipelago,  Bttngal,  «id  the  PkSlippiae 
ittlands. 

The  fruit  apika  has  the  form  of  catkins  from 
2  to  ti  cm.  long  and  4  to  7  mm.  wide  in  the  case 
of  officinarum,  that  of  P.  longuvi  being  shorter 
au(l  broader.  It  consiats  of  numerous  minute 
berries  dbposed  along  and  partly  embedded  in 
an  elongated  axia.  it  haa  an  odour  and  flavour 
somewhat  reaemfalnig  ordinary  pepper  but 
u<  ikcr  and  leB8  agr>  lM  >,  the  smell  Mooming 
decidedly  obje<itional>ie  ua  warming. 

It  contains  about  the  aame  amount  of  volatile 
oil  and  about  half  the  amount  of  piperine  present 
in  t)nliuary  {icpper,  and  owing  to  the  fact  that 
tlie  fruit  f>ften  trails  on  the  ground  the  ash.  is 
liable  to  be  liigh,  owing  to  the  inchi.sion  of  elay 
and  tiiiud  from  the  udliercnt  aoU,  to  remove 
which  no  special  steps  are  taken.  The  figures 
obtained  bv  the  analyaea  of  five  samples  by 
Oaaiplidl  IirowB  and  by  Wmton,  Ogden,  and 
''fitobBU,  are  aa  iollowe  t — 


Max. 
9-61  p.0. 

7«*  n 


lllQ. 

810  p.c 
0  15  „ 


Total  ash  . 
A.^h  insol.  HCl.  . 
Ether  exttaot  • 
Staioh  and  matters  eon 

vertibleiBtoaiigai    .  40  34  „       42  88  „ 

Fibre  ....  16-70  „         6  lO  „ 

Nitrogen            .       .  2*80  „         2O0  „ 

Alcohol  pTtrnct    .       .  8-67 

Starch  by  diantaae       .  30*55 

it  does  not  come  into  the  retail  market,  and 
its  chief  u.se  in  in  the  pickling  and  canning 
trade,  and,  iormerW,  at  all  event>«,  for  the 
adoHeratioit  of  bbok  and  white  pi  pptr  {q.v.), 
for  which  pur]x>Be  it  may  bo  bIcatluHl. 

It  has  been  used  medioinally  as  a  stimulant 
and  carminative.  C.  H.  C. 

PEPPER,  CAYENHE.  Cayenne  pepper  is 
the  '.Iritid  and  powdered  fruit  of  vuriuuH  ttmall 
fruited  species  of  Capsioym  of  which  C.  fatiigin- 
tnm  {  Wume)  and  Cfrvtatrens  (Linn.)  are  the  most 
important.  The  plant  is  indigenous  in  tropical 
America  and  is  cultivated  in  hot  and  temperate 
climatee  in  many  parts  ui  the  world. 

The  fruit  is  elont^ted,  oonieal,  and  bas  a 
shiny,  bri '!it  r.  1  irfico  btcoming  dull  red  and 
ahrivoUed  wticn  <liy.  The  potls  are  from  ^  to 
2  om.  long  and  contain  numerous  yellowish, 
flattened  kidney  ahaped  aeeda,  3  to  4  mm.  in 
diameter. 

Fapnka»  a  large  f  mited  variety  of  €ftg>$ievm 
annuum,  is  grown  In  Hungary,  Spain,  Italy, 
France,  and  Turkey,  The  fruit  is  from  2  to 
6  cm.  long  omi  has  a  hritrht  retl  or  yt  llow  shiny 
surface,  but  has  not  the  inteT^soly  hot  and 
punpsent  flavour  of  oayenno  pepper.  It  is  need 
chiefly  on  the  Continent. 

Other  varieties  of  C.  annuum  are  olso  widely 
employed  on  the  Contbient  and  in  Amerioa  for 
picklinj;. 

Piniiento  a  large  fruited  i)epper  of  bright 
red  ookmr  and  very  mild  flavotir.  used  for 
stuffing  olivea  and  as  colouring  matter. 

CompoiMoH.  The  eharaeteristio  eonatitaenta  ' 


arc  a  red  colouring  matur,  prcaent  only  in 
the  pod,  soluble  in  ether,  light  pctroituin, 
carbon  disulphidct  or  chlorotorni,  and  an 
active  prineipb  copaotoiite,  C^gHj^NO,,  to  whioh 
the  characteristic  ilavour  is  mainly  due,  and 
which,  thou^  it  preponderates  in  the  pod,  is 
alao  found  in  tlM  aeed  (Micko,  Zeitsoh.  Nahr. 
genussm.  1,  8J8;  2,  411).  There  is  al.sb  a 
tasteless  and  udourlw>h  tixc-d  oil  and  an  oleorciOD 
{«yn.  eapsicin),  whioh,  as  used  in  medicine,  is  a 
mixture  of  fat,  resin,  and  vnrious  other  sub- 
stances extracted  by  the  aolveut  employed 
(AJeoliol,  JlP.  Codex ;  Acetone,  U.S.  Pharma- 
copeia). Analyaea  by  Kichardaon  (U.S.  Depart, 
of  Agric.,  Biv.  of  CSien.  BtUL  13»  1887)  of 
Captieum  <iiiiiiiimiyidded  the  foUowing  leaulta : 

Taua  L 

Seed  Pod  Fruit 

Loss  at  100"  C.      .       .    812  14-76  11-94 

Albuminoids  (Nx  0-20)  .  18-31  10-99  18-88 

Fat  (ether  extract)        .  28  54  5-48  15-26 

Fibre  ....  17-60  23  73  2109 

Ash     .      .      .       .8^2  0'<t2  S>20 

Oayenne  pepper  ia  mainly  used  as  a  condi« 
.  ment  and  also  in  canary  and  chicken  foods. 
The  whole  fruit,  ripe  or  unripe,  appears  in 
the  market  aa  oapeionma  or  ohilljee,  low  grade 
fruits  of  large  size  oeing  usually  employed  under 
these  names  for  pickling,  etc.  The  dried  fruit 
of  Capsicnm  jiiiuimum  is  *  official '  in  the  British 
Pharmacopoeia.  Taken  internally,  it  aote  aa  a 
alomaehie  and  oarminative  to  the  alimentary 
canal,  extf>rnally  as  an  irritant  and  vesicant. 

Adulkratton.   Although    a    long    liat  of 
adnltenmta  ia  given  in  most  text -books,  oayenne 
!  pepper  is  rar^y  sophistieated  in  this  country 
i  at  the  present  time.    The  adilition  of  toreigu 
;  starches,  such  as  wheat  and  rice,  of  nnnenil 
j  suhfitanoea,  gypanm  and  red  oehie  and,  to  mask 
I  the  presraoe  of  t{|g;iit'Coloared  adtilterant«  like 
stareh  an<l  gypsiitn,  Mjeh  di\erse  materials  as 
turmeric,  eround  redwood,  and  aniline  dyee 
should  atiO  be  looked  fw.    Qronnd  untahells 
and  olive  stones  have  alao  been  found  oompara* 

tively  recently. 

Dtiection  of  adulteration.  Mid  j^^npical  ex- 
amination will  suffice  to  detect  the  adulterants 
of  vegetable  origiji.  The  pre.senee  of  foreign 
starches  will  be  at  once  apparent.  The  very 
minute  staroh  graina  of  oayenne  peppw  are 
only  present  in  very  nnu!  nnmben,  the 
(plant  iiy  being  depeiulent  on  the  ripeness  of  the 
fruit  when  gathered,  and  are  usually  embedded 
in  cells. 

The  microscopical  appearance  of  cayenne 
pepper  is  very  characteristic  and  comparison 
with  a  atandard  sample  will  enable  any  of  the 
above-mentioned  vegetable  adulterants  to  be 
detected  with  comparative  ease  (v.  Pkppkr). 

Preparal ion:>  of  tlie  sanijile.  both  before  and 
after  removal  oi  the  fat,  should  be  mounted  in 
water  or  dilute  glycerol.  Fragmenta  of  the 
e])i(  ar{i  showiiii;  quadrilateral  cells  of  \\hii.h  the 
walk  have  a  slij^htly  wavy  outline,  but  are  not 
beadc<l.  and  which  are  arranged  in  rows,  aerve 
to  distinguish  cayenne  pepper  from  paprika. 
(For  furtlier  details  ai>  lo  the  structural  dif- 
ference between  different  species  of  capsicuma, 
M€  Pharm.  J.  1901,  13,  552 ;  1002,  69.  3;  or 
Winton,  Hioroecopy  of  Vegetabla  Eooda.) 
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PEPPER,  CAYENNE: 


The  prejieiicc  of  mineral  adult«rant8  nill  be 
indicated  by  a  high  aah ;  nuuhells  or  olive  stones 
will  raise  the  proportion  of  fibre  (estimated  as  in 
Pepper,  9- v.).  For  tht*  dcU-ction  of  uil,  soliiMc 
vegetable  or  coal  tar  ooiours,  the  ether  extract  ut 
the  sample  may  be  shaken  with  »  mixture  of  2 
parts  of  carbon  disulphitle  and  15  parts  of 
ethyl  alcohoL  The  carbon  diiiulphidu  will  dis- 
solve the  oil  and  the  natural  colouring  matter 
of  the  capsicum,  while  most  aniline  colours  Will 
pass  into  the  supernatant  alcohol  layer. 

Table  II.  (Parry,  "Food  and  Druffs")  shows 
the  limits  within  which  the  figures  obtained  by 
the  analyses  of  cayenne  pepper  are  found  to 
vary,  and  Talilc  III.  ^'ives  qguTes  for  ohiBies 
and  Table  IV.  for  paprika. 


Tabu  II. 


Ifbiitaie 
Ether  extmot. 


volatile 
„         „  non*vulatilc 
Alcohol  extract 
Starch  by  diastase  method 
Fibre     .       .       .  . 
Nitrogen 
Ash,  total 
„  soluble  in  water 
„  uMotaUe  in  HQ 


Maximum 
7»8 

2-8 
15-6 
300 

1-  6 
250 

2-  40 
7-2 

3-  3 


Hinhnum 
8-ff 

0-7 
I«0 
250 

0-8 
20-0 

208 

6-U 

0-30 


Tabls  in. 

Analaysps  of  wboitt  chillies.  (Zaj\ziliar, 
Japan  and  Bombav.  8  samples  in  ail.) 
nimton,  Ogdea  and  HitohdU  Ana.  Report, 
CdnneotftBat  Eiper.  Station,  1898,  200.) 


Moist  lire 

Kliit  r  t  xtraot,  volatile  . 

„      ,.  non>voUtile 
Alcohol  extract 
Staxeh  fdiaetaae  method) 
Fibre  .... 
Nitrogen,  total 
Aah, total 
„    soluble  in  water 
insol.  in  HCl  . 


'  Maxi- 
mum 

7-08 
2-57 
21-81 
27-61 
I  1*46 
124-91 
2-34 
0-06 
4-93 
I  0-23 


Mini- 
mum 

3-67 
0-73 
1717 
21-62 
0-80 
20-36 

2-  13 
S-08 

3-  30 
006 


Aver- 
age 


20- 15 
24-36 
101 
22- 36 

2-  lS 
5-4b 

3-  9S 
015 


Table  IV. 

Analywis  of  paprika  (whole  pods).  (Douliftk' 
and  Ogden,  J.  Amer.  Chem.  JSoc.  30,  UHJS,  1181.) 


Ifasl-  Mini-  Aver- 


lA>»t  at  100%. 

Bther  extract*  volatile  . 

noB-vdatlie 

f       •»  ,f 

loiliiif  number 

JteducinK  matters  (aoid  con- 
verfeiuu)  as  stardi     •  . 

YibTc  .  .  .  .  . 
Nx6-iiC  .  .  .  , 
Asb  total  .... 

Boliiiilr  in  water 
n    infol.  UCI 
JUkallid^of  ash.  total 

„       f<(il.  Ill  wafer 


I 


1-25 
U-09 


7-20 
0-17 
7-42 


tt-52 
0-93 
»-67 


1S6-8    190-S  1S8-S 


21-4 
10-83 
1744 
706 
6-79 
0-22 

:>-7ii 


10i2 
151 
14f>6 
5-tfl 

-I :.'.» 
in  If) 
Ci-lti 
4-U7 


19-40 
1.V33 
15  •&! 
«  22 
5- 14 
0-08 
704 
4-93 


Standards.    The  oflicial  standanl   of  the 
U.S.  Department  of  Agriculture  for  cayciuiei 
pepper  providee  that  it  shall  be  the  dried  ripe  i 


fruit  of  C.  Jruttscins,  C.  bufrulunt,  ut  any  ^mall 
fruited  species  of  capsicum,  and  that  the  dxed 
ether  exteact  ehoula  not  be  below  16  p.c.,  the 
total  ash  not  more  than  (5-.')  p.  e.,  the  ash  insoluble 
m  ilCl  not  more  than  0*6  p.c,  starch  (diaAta^e 
method)  not  more  than  1*6  p.c.,  and  tibre  not 
more  than  28  p.c.  C.  II.  C. 

PEPPERHINT.  The  Mtniha  piperita  (Lmn. ) 
of  Europe  and  America;  M.  arveHtit  fLinn.)  of 
Japan.  Extensively  grown  for  the  sake  of  its 
volatile  oil,  which  is  procured  by  distilling  its 
leaves.    The  oil  and  the  prepiiiations  made  from 

1  it  are  used  as  aromatics,  carmiuatives,  and  stimu> 
lants,  and  are  uscfal  in  medioiBe  for  griping  pains. 

'  It  is  also  employed  in  the  form  of  mint  camphor, 

:  or  menthol,  lor  outward  applicatiou  in  afiecuons 

j  of  the  nervea  («.  Oub,  BSBraraiAL). 

Oil  of  peppermint  amounts  on  the  average  to 

j  0-8  of  the  totcii  phuit  u=.ed.    The  cryst&b  uf  i>ep- 

[  permiut  camphor  .ire  oljtaincd  from  the  diblillate 
by  cooling ;  the  oil  having  been  drained  ofi,  the 
process  is  repeated,  when  •  tolefaUy  pure  oi  is 
dee  u  red.   After  a  third  repetition  no  orystaUisa- 

;  tion  takes  place. 

!      HmflMrt,  or  peppermint-camphor,  in  its  com- 

!  merciid  state  is  a  white  crystallised  mass,  melt- 
ing at  about  3r>^  and  boding  at  210°.  When 
purified  by  distillation  the  melting-point  is 
raised  to  42"  uiui  i  lie  lK>iling-point  to  212°. 

Menthone  C]3ll,oO  is  a  colourlei^s  mobile 
liquid,  neutral  to  test  paper?,  soluble  in  almost 
all  proportions  in  iUeuhol,  chloroform,  benzene, 
ana  earbon  disnlphide,  but  insdnble  in  water. 
It  stands  to  iiu  nthul  in  a  similar  relation  to  that 
in  which  camphor  stands  to  borneol,  as  is  shown 
by  the  fact  that  menthol  can  be  reproduced  from 
its  ketone  C,3HjyO  by  a  reaction  ^imiliir  to  that 
by  which  borneol  is  produced  from  eaiintlior. 

Menthene  (  ,,,ii  j„  is  a  eoU>urless  Uquid  of  an 
agreeable  odour,  moderately  soluble  in  ether  or 
alcohol,  more  so  in  benzene,  turin-ntine,  and 
petroleum.  It  may  Imj  prepare*!  hy  lu  iting 
menthol  with  zinc  chloride.  See  J .  Moss  ^i'harm. 
J.  [iii.l  5,  6A0);  J.  Haokay  {ibtd.  [iii.]  6,  826) ; 
Beckett  and  Wright  (Chem.  Soc.  Trans.  ISTO.  1,1); 
M.  Moriya  (ibid,  Ibbi,  39,  79);  Atkinson  and 
Yoshida  {ibid.  1882,  41,  49)  (v.  PeppeiwMiU 
cam]>}"'r,  art.  Camphors  v.  Tkri-exes). 

PEPPERMINT  CAMPHOR  v.  Camihobs. 

PEPPERMINT  OIL  v.  Oils,  essektiau 

PEPSm.  ^  Fepaintim  {Pepsine,  Fr. ;  Ptprin, 
Ger.).  Pepsin  is  a  ferment  or  enzj^me,  exist- 
ing in  the  acid  secret  ion  of  the  mucous 
membrane  of  the  stomach  or  gastric  juice. 
It  poasBBses  the  property,  in  presence  of 
dilute  acifl.  within  certain  limits  of  tein 

perature,  ot  converting  albuminous  food,  into 
soluble  assimilable  peptone.  Schwann  (Mfiller's 
Arch.  18;J<>)  made  the  first  attempt  to  prepare 
the  ferment  in  a  form  available  for  supplying 
artificial  digestion  in  cases  where  the  natural 
function  was  imperfectly  performed.  To  obtain 
a  good  product  and  to  preserve  it  requires  great, 
care  and  skUl.  The  animal.H  generally  selected 
aro  the  hog,  sheep,  and  calf,  and  the  preparation 
uBunlly  employed  is  simplv  the  dried  mucons 
membrane  of  the  stomacli.  Details  of  nue- 
paration  arc  given  bv  IJeale  (Mctl.  T.  Gai. 
1872,  1,  152),  Wasmann  (Uhm.  Phvs.  Chem.  2, 
40),  Ikiicke  (Sitz.  Ikr.  AW.  m'\),  Schmidt 
{Aimaleu,  01,  22),  Liebreich  (Practitioner, 
March  1877),  Petit  (J.  Phsinu  Chim.  [▼.]  2,  86), 
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OhapotMat  (OompC.  wnd.  95,  140),  Maly  (J.  pr.  t  t<>t»tion  U.  however,  denied  by  Tauatar  (Ber. 
Chom.  [U.I  11,  104),  Wittick  (J.   1870,  8»4),    I91(».  -t:?.  127.2149;       alao  WollhiMtdll,  *«. 
Meissner  {Z.  Rat.  Med.  7. 1 ;  8, 280;  10, 1  j  12,46;  j  639 ;  Rieaenfeld,  ibid,  m,  2504). 
14.  78  and  303) ;  also  Scheffer  (Amer.  J.  Vbaxm.  t     Tlw  only  penuurbomteB  wfafoh  ham  b«en 

42,  98;  43,  3;  Pharm.  J.  [iii.]  1,  666;  2,  Tfil,  prepared  are  those  of  the  ilkali  uu-uh,  and  of 
7iJ3),  SdJdon         [iii.]  4, 89),  Long  (Mod.  Preaa.   bariom  (WolSenstein  and  Peltner,  Ber.  1908,  41, 


ar.  8.  300),  Kinkead  (Lancet,  1870,  2,  667), 
Farr  (Med.  T.  Gaz.  1871,  I,  302),  Rennard  (J. 
1874,  944),  Zwick  (Amer.  J.  Pharui.  43,  261), 
Auflouarl  (Year-Book  Pharm.  1878,  343), 
Pekelharing  (Zoitaoh.  physioL  Chem.  ^  233). 
Nmioki  ukd  Slsber  {»id.  32,  891),  Schrampf 
(B«lt.  chem.  Physiol.  Path.  6,  396). 


271).  Sodium  hydrogen  peroarbboftte 

4Na3CO,.H,C04 
has  been  used  as  a  disinfectant  nnd  in  the  pre- 
paration of  hydrogen  pero.xide  (D.  P*.  P.  188569). 
PEREZONE.  An  alcoholic  solution  of  pipitza- 

hoic  acid  obfjiiiu'd  from  tho  rhizomes  of  Perezia 


P^psia  of  oommerce  varies  maoh  inactivity  '<  o-^'i^^a  (A.  Gray),  found  in  Mexico,  it  is  extremely 
(TiiBon,  Lanoet,  1870,  2.  212;  Grienon,  Year-  I  sensitive  to  alkalis,  wWoh  colour  it  fM»<maiave^ 

Book  Pharm.  18S7,  203).    6  milligrams  digested  '  »nd         ''♦^  "^ffl      '^t^  indi^-itor. 
with  12  r>  grama  of  coagulated  and  firm  white        PERFUMES  (SYNTHETIC).    Prior  to  1875 
of  fresh  eggs  and  125  0.0.  of  acidified  water  ;  perfume.<i  were  prepared  almost  entirely  from 
containing  about  0-2  p.c.  of  hydrogr'n  chloride  plants  by  various  processes  of  di-^tillation  and 


at  40*5*'  for  6  hours  with  frequent  -ihaking  should 
i^i  ve  an  almost  clear  solution,  containingonl  y  a  fe  w 
amall  flakee.  Thie  method  of  taeting,  whioh  is 
adopted  by  thePhannaoopoeia,  is  tile  ontoome  of 

nutnerou3  investigations  as  to  the  effect  of  differ- 
rnt  tcmperatureaand  different  forms  of  albumen, 
together  with  the  adeotion  id  an  aoid  and  deter- 
mination of  its  appropriate  strength.  Compare 
Petit  (J.  Pharm.  (Jliim.  [v.]  1,  82  ;  2,  85),  Bengcr 
(Pharm.  J.  [iii.]  12,270,  415),  Griitr.nor  (Zoitsch. 


extraction  (r.  Ous,  Essenti  al)  ;  musk  and  civet, 
uHed  from  the  very  earli<'st  times,  wore  of  animal 
origin ;  synthetic  perfumes  were  unknown.  To- 
day, almost  «Twy  Howw-pmrfnme  may  be 
imitated  by  a  .so-called  'synthot  i-^  oil,'  the  odour 
of  which  closely  resembles  tltat  of  the  natural 
product.  The  faithfulness  of  the  inritatlmi 
varies  very  much  wnth  the  different  seents  ;  it 
is  doubtful,  fur  instance,  whether  any  purely 
synthetic  violet  or  rose  oil  at  prueent  in  ei 


anal.  Chem.  1874,  106),  Vigier  (J.  Pharm.  Chim.  ,  can  vie  with  the  natural  fragrance.    The  terra 

IV.]  0, 398 ;  9, 461 ;  10. 17),  Schlickum  (Year- Book  •  synthetic  '  thus  applied  is  misleadinc  :  the 
*harm-  1886,  96).  DaHtre  ((lompt.  rend.  Soc.  '*  synthetic  oils  '  are  in  fact  mixture.s  of  a  number 
BioL  1894,  778^  Croner  (Virohow's  Arcliiv.  150,  of  ohemical  compounds,  some  of  which  have 
S80),  HarUy  (J.  Pharm.  Chim.  [vi.]  10,  105).  been  obtained  by  synthetio  proeeeaes,  othen 
Peyjtic  activity  h  inhibited  or  destroyed  by  i  merely  isolated  from  the  essential  oils  in  which 
antiseptics  (Grober,  PBiiger^H  Archiv.  104,  109),  ,  they  occur.  In  many  cases,  the  inoni  satis- 
oertaio  bacteria  (Papaaotiriou,  Arch.  Hygiene,  factory  re.sultH  are  only  obtained  by  blending 
57,  269),  or  bv  shaking  (Shaklee  and  Meltser,  I  the  '  synthetic  '  with  a  n,ntural  oil.  Thn^, 
Proc.  Amer.  Physiol.  Soc.  1908,  29).  |  jasmine  oil  is  added  with  good  effect  to  the 

In  addition  to  the  method  given  above,  '  synthetic '  oils  of  rose,  lilac,  muguet.  Ac  % 
various  other  methods  have  been  devise<l  for  the  ketone  (jasmone)  characteristic  of  jasmine 
the  determination  of  peptic  activity  (Samojloff,  oil  has  been  isolated,  but  its  composition  haa  not 
Pflti:^er's  Archiv,  S.j,  H*)  ;  Mcunier,  J.  Pharm.  ai  vet  been  determined,  and  no  synthetic  sub- 
Chim.  [vi.]  14,  555 ;  Kuttner,  Zeiteoh.  physioL  .  stance  hitherto  obtained  is  entirely  satiafaotory 


Cihem.  82,  63;  Fttid  and  Leviaon,  Koonem. 
Zeitsch.    473 ;  Einhom,  Chem.  Zentr.  1008,  iL 

1295). 

On  the  question  of  the  identity  of  pepsin  and 
rennin,  «m  Schmidt-Nielsen  (Zeits<  h.  pln^Iol. 
Chem.  48,  92),  Gewin  {j^ui.  32),  Baniz  (iV>i>/, 
54,  .'J.)!)),  H)unman*ten  (»6»<i.  5l»,  18),  Hi  r/.og 
{ibid,  60,  298),  Taylor  (J.  BioL  Chem.  5,  399). 

A.  a 

PERCARBONATES  MjC,0„  may  be  prep  ircfl 


in  repladn;;  it.    In  oertaiii  oawe  whwn  the 

constitiif  inn  (  f  the  ehnraeteristic  constituent  c-f 
a  particular  perfume  has  not  hoen  elucidated, 
th«  substitaie  may  cui^sist  of  a  snbotaooa 
po8sej«in?  an  entirely  ditferent  stnietnre  from 
that  of  the  natural  product  yet  closely  resem- 
bling it  in  smell.  TlUHl  tiie  oharaoteristie 
principle  of  musk  is  a  non-nitrogenous  ketone 
of  unknown  con.stitution  :  synthetic  mnsk  con* 
fiista,    however,  of    various    di-   or  txinltCO- 


by  ciectrolysing  a  strong  solution  ^  the  normal  >  derivatives  of  tertiary  butyl  toluene. 


oarbonates  at  ->30^  to  —40*  (Riesenfeld  and 

Roinhold,  Ber.  1!>00.  42.  4377).  The  potassium 
salt  is  a  bluish-white,  amorphous  deliquescent 
powder  which  deoomposea  on  heating  into 
potassium  carbonate,  carbon  dioxide  and 
oxygen,  and  is  a  strong  oxidifiing  and  bleaching 
agent.  When  added  to  a  neutral  solution  of 
potaadum  iodide,  it  immediately  liberates  iodine 
thus:  K,C,0,+2K1-=2K,C0,  +  I,  ;  no  oxygen 
Ijeinff  evolved.    The  above  aufliors  regard  this 


The  Nj^Bthetic  perfume  industry  nay  be 

said  to  have  originated  with  the  mannfaeturc  of 
vanillin  from  uugoaul,  described  in  a  patent 
taken  out  by  Tiemann  in  1876  (Eng.  Pat.  1161) ; 
shortly  aft<>rward3  in  187!1,  coiimarin  and 
heliotropin  were  prepared,  and  since  that  time 
the  pro<lu(  tion  of  synthetic  substances  for  use 
in  the  blending  <oi  perfumes  has  steadily 
oontinned. 

Not  unlv  is  the  scent  of  an  oil  taodi6ed  bv 


action  as  oharacteristio  for*  the  percarbonates,  i  the  presence  of  minute  traces  of  odoriferous 
and  thffmtore  maintain  that  the  'peroariKmates,*  1  snbstences,  bnt  the  degive  of  dilution  is  an 


sMf'h  rn  Naj^'O,.  obtained  ^y  the  action  of 
hvdrugeii  iwru.xidf  on  sodium  carbonate  (Tana- 
tar,  IJor.  1890,  32,  1641 ;  J.  Russ.  Phys.  Chem. 
Soc.  in02.  34,  'J.">2),  are  additive  compounds  of 
carbonatcH  and^iiydrogon  iHjroxide.  Tiiia  con- 
VoIh  IV.— IP.* 


imp<jrtant  factor  in  pruducins  fhr'  rcqiiisito 
odour.  The  solvent  inoM  commonly  usmhI  is  a 
95-96  p.c.  ethyl  alcohol.  The  condition  of 
the  alcohol  is  of  great  importance  ;  it  must 
be  free  from  fusel  oil:  and  taste,  hhuH,  and 
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colour  must  givo  no  iniUcotion  of  impurities. 
Methyl  alcohol  Imds  little  appHrsitioii,  Ln-gely 
owing  tu  the  fivct  that  tho  commerciivl  ulcokul 
contains  more  or  less  acetonp,  which  has  an 


poHidon  of  the  snhstituents  in  tlie  benzene 
nucleus  on  tho  smell  fRrr.  21,  2S32).  Tt  Ip, 
however,  tlifficult  to  ditiw  any  general  con- 
clusions :  we  are  met  with  startling  anomalies. 


injurious  effect.  95  p.0.  aloohol  is  alito  owd  for  saoh  m  tbe  well-known  recwmblaoM  b«fciraen 
preparing  the  infodons  of  the  flowior  pomades,  |  the  odoon  of  benzaldehyde  and  idtro-benzene, 
1250  kilos,  of  .'ioh'cnt  being  used  t^i  extract  1000  and  little  can  be  said  mw  that  the  part  played 
kilos,  of  pomade.  The  extraction  ia  twice  re«  i  by  unsaturated  groupings  is  important.  The 
'  so  tihtat  three  infusions  arc  obtained,  I  subjeot  is  partioSuarly  duBonlt  to  iaTSStigate, 


peated 

dimini.shiiiii  in  strength.  For  the  choapt-r  *?orts 
of  oxtracttt  and  toilet* w^terci,  the  reotiti&d  iipirits 
of  wine  is  replaced  by  potato  spirit. 

The  least  soluble  of  tho  synthetic  perfumes 
are  the  artificial  musks,  of  which  leas  than  I  p.c. 
dissolves  in  alcohol.  Benzyl  ben /on  to  and 
benzyl  cinnamate  are  used  as  solvents  for  these, 
1  kg.  of  tho  former  dissolving  500  grains  ketone 
niosohus  or  250  grams  Miisr  Btmi  . 

The  extracts  which  are  sold  as  handkerchief 


sinr-o  our  scusaiion  offers  only  a  vagniS  nsnaa 
of  classifying  mid  measuring  smelL 
I      The  list  of  substances,  used  in  the  com' 
pnundin^^  of  perfinnos  is     lr)np  one.    The  moflt 
,  impiirtuttl  uf  tUt'tio  arc  as  fuUovvd : 
I      Hydrocarbons.   With  the  exception  of  sty- 
rene  and  iK;ymene,  the  hydrocarbons  whioh 
I  occur  in  the  natural  perfumes  and  oontribate 
to  their  oilnur  belong  to  the  terpene  gronpw 
Finenc,  with  its  characteristic  odour  of  pino- 


prafoBies  are  known  as  qnadmple,  triple,  double,  needles,  is  the  oliief  oonstitnent  of  pine-needle 
and  nmple,  according  to  tluir  strenu'th ;    I2  " 
parts  of  a  triple  extract  will  furnish  20  parts  of 
doaUe  or  30  parts  of  simple  extract  by  dilntioa 


with  alcohol  and  water ;  in  tlio  preparation  of 
the  double  and  simple  extracts,  the  second 
infusions  of  the  flower  pomades  are  also  utilinej. 

For  the  preparation  of  aqueous  and  dilute 
alcoholic  toilet  water>^,  only  a  limited  nnmber 
of  substances  are  avail.il>l'',  owlnir  to  th*-  sparing 
solubility  of  the  majority  of  perfumes  in  water. 
The  most  soluble  are  phenyl  ethyl  oloohol 
(2  p.c),  benxyl  aloohol  (I  piC.)  and  vanillin 
(0-8  p.c). 

JteUaian  hekceen  rongtiiution  and  tiwU. — 
Our  knowledge  of  the  relations  between  the 
chemical  constitution  of  a  compound  and  its 
odour  is  vory  scanty.  Within  tho  samo  class 
of  compounds,  there  is  a  general  resemblance, 
and  there  is  a  gradual  change  of  odour  in 
passing  from  one  tnemher  of  a  homologous 
series  to  the  next,  well-marked,  for  instance,  in 
such  a  serlM  as  that  of  the  fatty  esters.  Anster- 
weit  and  Cochin  (Cirapt.  rend.  I')  10,  IW.  093) 
have  stufliw!  the  effect  of  tho  alkyi  subbtituents 
<m  the  geriniol  and  citronellol  midecules.  In 
citronellol,  the  introduction  of  one  methyl  or 
ethv!  group  is  accompanied  by  a  marked  odour 
of  tei  roses :  a  second  methyl  or  ethyl  group*  is 
described  as  producing  an  odour  of  roses  with 
a  faint  odour  of  camphor.  But  if  the  sub- 
.stituont  be  a  propvl  or  Imtyl  radielr,  the  rone 
odour  almost  vaoishca :  if  phenyl  be  the 
entering  radicle,  the  rose  odour  is  much  aug- 
ment* 1.  In  geraniol,  the  introduction  of  one 
or  two  methyl  groups  prwlucea  a  smell  of 
pelargonium  leaves ;  the  ethyl  group  appears 
to  leave  unaltered  the  odour  of  the  original 

faraniol.  The  effect  of  the  position  of  the  alde- 
yde  group  in  the  cf/cioseraniolene  ring  was 
studied  by  Merling  and  Weldc  in  their  work  on 
iimone  (Aunalen,  1?>09,  366,  119).  Their  con- 
clusion is  that  aldehydes  which  nre  derived 
from  cyciogeraniolene  form  with  acetone 
products  possessing  the  odour  of  violets  if  the 
iUdehvde  group  ia  adjacent  to  thf  methyl 
groups.  Tho  intensity  of  the  odour  mu  roases 
with  the  nnmber  of  inothyl  groups  wliich  are 
adjacent  to  the  iJdoliyde  grouy) ;  if.  howeVM, 
the  latter  be  removed  from  tlic  proximity  of 
the  methvl  j^ronpH.  the  odoiir  vanishes.  In  his 
work  oii  the  nitrobutylx^lenes  {Artificial 
iluakii),  Baur 


»'»-ll+°;  sp.gr. 
1 -45789  (Tto. 


oil  ;  fMimonrne  occur?  in  the*  oils  of  lemon, 
orange,  orange-flower,  Ijergamot,  kc.  :  men- 
thene  is  found  in  oil  of  peppermint  and  carvene 
in  caraway  oil  iv.  Tebt'exesI.  The  halogen 
derivatives  ^d  a-chloro-  and  a-bromo-styro- 
lene  are  used  in  the  preparation  of  oil  of 
hyacinth. 

Alcohols.   The   saturated   fatty  aloohol!* 

occur  commonly  as  extern  ;  the  alcohol'^  of  th.,- 
terpene  and  of  ihe  aromatic  series  are  either  free 
or  in  oomlnnation  with  UMj  adds.  The  latter 
are  used  in  preparing,  amongst  othen^  the  oils 
of  rose*  jasmine,  hyacinth  and  lilac. 

OLonnc  raBPSim  aloobou. 

CH, :  C(rn,irH,CHjCH,-CH(CH,)CH,-CH,OH 
(PIT  ^.C :  CH  CH,  CH,-CH(CH,)CH,-CH,OTI 

b.p.  rd -citronellol]  (17  mm.)  Ii7'-118*;  sp.gr. 
0*85W  at  17*5*» ;  [o^^  -f  4'»  at  17*6« ;      1-46679 ; 

b.p.     -citronellol]  (15  mm.)  113' 

0-  8612  St  2<r:  [al_^    4'*  20'; 

mann  and  Schmidt^  Ber.  1896,  29,  906). 

^•CStroneltol  ocean  in  geranium  and  in  Java 

dttoTiella  oils  ;  /-eitrnnellol  has  been  isolated 
from  geranium  and  from  rose-oiJii.  Prolonged 
discussion  has  taken  place  as  to  the  identity  of 
citronellol  with  tli<?  aln.hols,  'rhodinol,'  '  rc- 
uniol,'  ami  '  rtiMJul '  irtoLitcd  frum  geranium  or 
rose-oil.  It  is  now  accepted  that  the  last  two 
are  mixtures  of  citronellol  with  geranioL  The 
evidence  as  to  the  chemicrf  identity  of  the 

1-  rhodinol,  described  by  liarbier  and  I'ouvenult 
(Compt.  rend.  1897, 124, 1308),  is  somewhat  uoa- 
flioting,  for  Sohimmel  k  Co.  (Report,  Oct.  1904, 
1231  -!iM  .vfd  tli.it  citron*  llol  obtained  by  the  re- 
duction of  citroneilal  gave  a  pyror.ic«mic ester,  the 
semi-oarbazone  of  which  wa-*  identical  with  that 
similarly  obtain«Ml  from  rh«>dinol.  each  melting 
at  110'*-lir.  The  moat  sat isf acttiry  explana- 
tion ofthodiscrepant  results  obtaine<l  by  different 
ol>»ervers  app«»ar!*  to  l>c  that  recently  offered  by 
Harries  and  Himmeltnann  (lier.  1908,  41,  2187), 
who,  from  studvnng  the  action  of  ozone  on  the 
oitroncdla  compounds,  arrived  at  the  conclusion 
that  citmneUnI  consists  of  a  mixture  of  two 
inom- ri  h ditT^  'iuL'  in  the  pn?itinn  of  the 
double  bond  as  represented  above.    By  the 


le  nitrobutylxylenes  (Artificial  i  double  oona  as  rcpresouteu  ooove.  i»y  uie 
has  slso  stnalBd  the  effect  of  the  t  notion  of  ozone  on  citroneDol,  20  p.o.  c3i  aestone 
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is  prodaoed  corregponding  to  20jp.c.  of  the 
tlKMliAol  stractora  rCII,),C!^C<.  The  cvidenoe 

for  tKi^  fonmila  nf  cif r< •iioll'il  is  f>aml  chiefly 
\i]x>n  the  behaviour  of  the  corrcflponding  aide* 
hydo.  citmnellal  (u.  infra). 

Citronollol  occurs  in  rompnny  with  freraniol  : 
the  boilinff- point*  of  both  alcohol.'*  lie  v  ery  close 
to  «Ach  other,  but  geraniol  is  the  leas  stable  and 
ffisy  be  flestruyecl  by  heating  uith  phthalio 
aahydridc  at  200*  or  \rith  benzoyl  chlorido  at 
Hd--  ir><»-  I  Barbier  and  Iknivrault,  <"'>inj)t.  rend. 

121,  530).  rMtronellol  may  be  obtAined 
from  eitroiuina  oil  by  rerlucing  with  sodium 
amalgam  anri  arpfio  K-id  whni  thf  alrlciiyd-.s 
dtral  ami  eitronellal  are  reduced  to  <  ilroiusllul. 
The  mixture  of  geroaiol  and  eitronollnl  is  then 
treated  with  pho«phom«?  trichloride  in  ethereal 
s«uutioa  at  a  low  temperature  :  a  phosphite  of 
ottcoDellol  is  formed  which  is  extracted  by 
vater,  gtmanvl  chloride  remaining  in  the  ethereal 
Uyer  (Tlemann.  Ber.  180fl.  »21V 

Cold  dilute  KMnO|  oxidi.-r.s  citrdncllnl  \o  a 
polyhydrio  alcohol,  oonverted  by  chromic  acid 
mixture  to  aoetmie  and  0-nethyl  adipio  acid. 
It  is  characterise  liyjiliquii!  jihtnalic  acid  csfcr 
jrivine:  a  cristalliau  ^silv«'r  salt,  and  l>v  its  oxida- 
tion to  eitronellal,  the  latter  being  identified  by 
ita  temi-carbaxono  (m.p.  84°)  or  ita  oompoand 
wfth  B-naphthocinchonmic  acid. 

The  isomeric  aloohobof  the  formula  C,oH,  ^0, 
linnlooi,  Qernniol,  and  nerol,  readily  nnden^o 
matnal  transformation.  Thue  if  geraniol  do 
heated  at  2*Xf  with  \\id<  r  in  an  autoclave, 
linalooi  k  formed  (8«himmel  Report,  April, 
1808,  25).  When  treated  with  hydroohforic 
a^id,  C'-raninl  is  ennrerted  into  linnlyl  chloride, 
fn)ra  whicii  linalooi  may  he  n»)tained  by  the 
action  of  alcoholic  pota<»h  or  of  a  snhition  of 
h7I  vcr  nitrate  (Tiemann.  Ber.  1898,  31,  832 ;  1895, 
2a,  2138).  On  the  other  hand,  by  the  action 
of  acetic  anh^'dride  on  linalooi,  a  mixtnr'^  of 
the  acetates  of  geraniol,  neml,  and  terpineol  h 
formed  (Tiemann  and  Schmidt,  Ber.  1895,  28, 
2137  ■  Tif-nrntui  and  Smimler,  ibid.  1893,  26, 
2714  :  Stcuhan,  J.  pr.  Chem.  1898,  [ii.],  58,  109  ; 
TMteehd,  Ber.  19M,  80,  1780).  They  fre 
n.iciitlv  occur  toccthnr  and  have  mH  tlircc  h.  -n 
(leiccUMl  in  the  oiis  of  rose,  neroii,  petit  grain 
and  linaloe, 

Linalooi  C,„H,,0 
(CH,),C:CH  CH,-CH,C(GH,)(OiI)(:H :  CH,  or 
CH, :  C(CH,)CH,-CH,<3H,<?(CH,)(OH  )GH :  CH, 
b.p.  198*-199»(13mm.)88-3*  Sf>  .'^<':  pr.  0  S7O 
at  15"^,  Ti^  l-4ftflS  fCildmnstcr.  \r<  l>.  Plintm. 
1H96,  233.  179):  Minalool  [aj^^  -20**  7'  :  Imalooi 
[alp  +       8'  (St«'phan). 

Linalof)!  is  the  chief  constituent  of  linaloe 
oil  ;  it  rtccTjrs  a»  the  I  form  in  the  oil 
from  Cayenne,  and  both  as  d  and  I  forms 
in  that  from  Mesrioo.  Among.nt  other  oils 
in  which  it  ha->  '"••■n  d'  tcctcd  are  coriander 
(«/),  -jweet  iirange  {d),  nutmec  ('0.  ylatis;- 
ylang  (I),  rose  (I),  rfnnion  Kcranium  (/). 
petit-irr  iiri  (I).  Ijcrgamot  (1),  ner.tli  (/),  U-moii  (/) : 
IQ  the  ft'iir  lufii  of  thew  and  in  lavender  and 
jaemine-nowcr  nil**,  it  i<f  also  present  a.H  the 
acetat''  ;  thf*  hutynite  »>cnirH  m  lavender  oil 
and  tlie  »V»olnjtyrate  in  (^•ylon  Hnnamon  nil 
and  the  t«ovalerate  in  the  oil  of  sas^^afia-*  !  i 
It  ia  isolated  by  fractional  difitiUatiou  and 


i  ntuified  by  the  action  of  phthalio  anliydride  on 
I  Ite  aodiam  eomponnd ;  Bodium  linalyl  phthalate 
I  is  soluble  in  water  and  after  saponifying  with 
j  alcoholic  potash,  tlie  linalooi  may  be  extracted 
;  with  ether.  Citral  is  obtained  by  oxidation 
\vith  chromic  acid  mixture  (Bertrnm  and 
Waldbanm,  J.  pr.  Cliera.  1892,  [u.]  45,  5'JL)). 

Dilute  KMnO,  in  the  cold  oxidises  it  to 
polyhydrio  alcoliols,  which  are  converted  by 
cliTumic  acid  mixture  into  acetone  and  Inevulic 
acid  (Tiemann  and  Sernmlcr,  Ber.  1896,  2H, 
2130) ;  by  reduction  with  nickel  and  hfdfogeu, 
2 :  6-dimethyl  octane  has  been  obtidned  (Ber. 
1908,  41,  2083). 

It  may  be  identified  by  its  phenyl  methane 
(m.p.  65''-66**)  or  ita  a-naphthyl  uxethane  (lu.p. 
53")  or  it  may  he  oxidised  tO  Oitnl. 

Geraniol  C,oH,,0 
(CHj)/? :  CH  CHj  CHj  CtCHa) :  CH  CH  ^OH 

b.p.  (17  mm.)  120'6''-122-6'' ;  sp-gr.  0  8804  at 
20  :       1<4760  Cnemann  and  Semmler,  Ber. 

1893,  20,  2711). 

Geraniol  forma  the  chief  constituent  of 
Fnlmaroea  and  of  Oerman  and  Turkish  roae  oiie 

'  atid  occurs  in  geranium,  oifronclla,  lemongrasa, 
and  many  other  oil.s.  It  is  also  fr>und  as  ace- 
tate, Movalerato,  n-ciiprr>ate,  and  tiglate.  It  i.s 
isolated  by  frii^tiunal  distillation  and  purilied 
either  by  means  of  it»  crystalline  eomponnd 

j  with  calr^ium  chloride  (IWtram  and  (5ildm<  i^fc: . 

I  J.  pr.  Uhem.  1896,  [ii.]  63,  233 ;  1897,  6fi,  uOI  k 
or  by  treating  ita  sodium  oompottnd  with 
phthalic  anhvdride  in  benzene  solution  (Tie- 
mann and  Kriiger,  Ber.  1890,  29,  1901).  By 
oxidation  with  chromic  acid  mixture,  (  Mial  is 
obtained  (Tiemann,  lier.  1898.  31,  828),  from 
which  trcraniol  mny  again  be  obtained  by  rc<luc» 
tion.  The  catalytic  action  of  copper  at  a  high 
temperature  has 'also  licen  utilised  tor  the  oxida- 
tion of  geraniol  to  citral  (Bonwrolt,  Bull.  Soc 
chim.  I'.'tlS.  |iv.j3,  119).  The  action  nf  chrnmic 
acid  mixture  after  treating  with  KMnO^,  pro- 
duces aoetono,  laevnlie,  and  oxalic  acids 
(Semmler,  Ber    1**93.  20.  2720).    Geraniol  is 

I  more  stable  than  linalooi  to  the  action  of  aci«l8 
and  i.s  ((uantitatively  converted  l)y  acetic  anhy- 
dride into  ^eranyl  acetate.  J?y  the  action  of 
dilute     lljSO,,   terpin    hydrate   is  obtained 

,  (Tiemann  and  Schmidt,  Hid.  1895,  28.  2138): 
concentrated  formtc  acid  reacts  forming  o- 

I  t.erpiticol,  ft  rpinene  atid  dipent#ne  (Bertram  and 
':ildm.'ist.-r.  .1.  j.t    (  5, -■[.,.  isMi.  [ii.^  4V).  Hr> ; 

.  Steuhan,  ihid.  1899,  [u.]  00,  JiM).  The  iihthalic 
acid  ester  fm.p.  47'),  the  a-naphthyl  urcthane 
(m.p.  47"  48°),  and  tlie  di-phenyl  urethano 
(m.p.  124")  are  clmracteristic. 

Werol  C,pH,^0,  sterenisomeric  with  geraniol  $ 
b.p.  220^  227^:  Pi.V  (2.5  mm.);  np.^rr.  0-8813  at 

1  15  ;  occurHin  ncroli-oil, chietlv  as  acetate  (Hesse 

land  Zeitschel.  .1.  pr.  Cticm.  i!«02,  [li.]  00,  .W2), 
ill  nnc,  linaloe.  and  ](etit  grain  oils,  and  in  the 
oil  of  III  lirfir)/-!  urn  ii  icj 'i-<(ifn\i  n  in  (Heine  k  Co.. 
1).  K.  P.  2<tO:{S2).     h  may  he  <.l.faincd  l)y  Ihe 

I  action  of  acetic  nnlmUi<le  on  linalo(»i  (Zeit.-<ehel, 

I  Ber.  !!J<W,  39,  1780) :  abont  6  p.c.  is  fonnetl  <m 
rediicintr  l  iind      It  h;is  a  r..st>  like  .-^mcll  and  in 

'  chemical  l>ehavi<Mir  rewemliies  geraniol.  Meiol 
diKw  not,  however,  civi*  n  erystnllinr  compound 
vu'li  r,,f"L  ami  rr:\r\  -  w  tii  (liliite  H.SO,,  form- 
ing  terpin  hydrate  more   readily  than  Uoe> 
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genyaioL    Its  di«phMiyl  urothane   melta  at 


CYCLIC  TKHPKNE  ALCOUOliS. 

Tuplneol  v,  TsBrxnas. 
BonMl «.  CA»«»a. 

V. 


AROMATIC  ALCOHOLS. 

Benzyl  alcohol  C,H,CH,OH;  b.p.  205*. 
q>.gT.  1-05  at  15°,  »^*  1-540;  occurs  free  in 

toBlBtoae,  ylang  ylang,  eamatioii,  jaamina  oils,  • 

ns  acetate  in  ylang  ylang,  hyacinth^  and  jasmine 
oils,  a8  beuzoate  (ylang  ylang),  cinnuiuat«, 
salicylate  (ylang  ylimg),  and  phenyl  acetate 
(nerali).  It  is  manufactured  by  the  action  of 
lead  oxide  at  100*  or  of  potassium  carbonate  on 
benzyl  chloride,  or  by  the  action  of  potassium 
acetate  and  saponification  of  the  aoetate  formed, 
li  is  eluuraoteriMd  bv  a  phenyl  urethane  (m.p. 
78*),  a  phthalic  acid  cater  (m.p.  106°- 107°),  and 
a  semi-carbazono  of  its  pyroraceiiiic  ester 
(m.p.  176°). 

Phenyl  ethyl  alcohol  C.Hj  €HjCH,OH ; 
b.p.  220°-222°  (740  mm.),  sp.gr.  1-2042  at  16", 

1*88S1S;  ooenn  in  tom  aad  iMrali  oili  as 

benzoate  and  phenyl  acetate.  In  preparing 
rose-oil  by  stetun  distillation^  much  of  thi^ 
phenyl  ethyl  alcohcd  is  lost.   It  is  obt^ned  h\ 

reducing  (1)  phenyl  atetiildcliyde  with  wxliuni 
amalgam,  and  (2)  phenyl  aoetic  ester  with 
sodiiim  Mad  alcohol ;  in  its  mannfiMrtan  olSur 

methods  are  probably  used.  It  is  purified  by 
means  of  its  compound  with  calcium  ciUoride 
(Bouvcault  and  Blanc,  D.  R.  P.  164294  ;  Compt. 
rend.  190.3,  130,  1676;  li>03,  137,  GO).  It  may 
be  Beparntcil  from  citronellol  and  gerauiol  hy  its 
greater  sululiility  in  dilntc  alcohol.  The  i  ln  nyl 
arethane  melts  at  80°,  the  phUwlic  aoid  eetec  at 
188°'— 180*. 

Phenyl  propyl  alcoholC,H,-CH,-CH,-CH,OH ; 
b.p.  235°,  8p.gr.  1-007  at  VS".  This  alcohol, 
hyadnth-Uks  in  odoor,  is  obtained  by  ndnoinfr 

cinnamic  ester  with  sodium  and  nlcohfM 
(Schimrael,  D.  R.  P.  116091)  or  by  reducing 
benzyl  aceto-acetic  ester  (Itouvcault  and  Blanc, 
D.  R.  P.  164294).  The  phaoyl  uvethano  meUs 
at  47°-48°. 

Cfmuunle  altolMl  (v.  GDnrAMio  Aloohol). 


The  methods  used  in  the  prcp.iration  of 
the  esters  are  (I)  the  action  of  hydrochloric 
acid  on  a  mixture  of  alcohol  and  acid ;  (2) 
the  action  of  the  alcohol  or  its  milium  com* 
pound  on  the  fatty  acid  anhydride  or  chloride, 
the  reaction  on  the  large  soale  being  oarried  oat 
in  pyzidinc  solution. 

In  preparing  tiie  esters  of  those  olefloie 
tcrpeno  alcohols  which  thcins.  Ives  undergo 
change  on  heating  with  acid  reagents,  a  mixture 
of  the  aloolKd  and  aoid  may  be  tni^  witii 
small  quantiti)  s  of  a  mineral  acid  below  30" 
(Bertram,  D.  K.  P.  80711). 

The  atty  aoid  esters  find  wide  appli  iiion 
as  fruit  essences.  A  list  of  those  more  especially 
used  in  perfumery  is  appended. 


BolUng-pofait 


90  ( 10  mm.) 
97  -loo-  (10  mm.) 
119 '-12r  (15  mm.) 
112^(780)38^(12  mm.) 

(700) 
I       y^  (10  mm.) 
128^-129^  (16  mm.) 
070  (10mm.) 

110^1U«(10mn.) 


SynUMUe  oU 
in  wlildi  nieA 


Umebloeaom 


Jasmine 
RoftC 

Hork'itiiHit 
Orange  flower 
|Bar|amot, 


Bttor 


Bornyl  formate 
Gitronellyl  „  . 
Oernnyl     ,.  . 
Aroyi  acetate 
B«azyl  „ 
Bornyl  ., 
Oeranvl 
LInalvl 

PlMDyl  ethyl ., 
TerpUMOl 

Gersnyl  proplo- 

nafo  . 
(ioraiiyl  Imtyrat* 
U«ran>  l  caproate 
Ethyl  oensnthy- 

late 

EtliylpSlaiionale 


A  large  number  of  patents  deal  with  the 
preparation  of  the  esters  of  the  cyclic  terpene 
alcohols:  thus  in  preparing  isobomeol  esters, 
camphene  and  the  fatty  acid  may  be  heated 
with  P,0,  (Schindclmeiser,  D.  R.  P.  220190). 
pinene  Iwdcochluride  warmed  with  the  fatty 
acid,  and  anhydnms  dno  sulphate  (D.  R.  P. 
196017),  &c. 

Amongst  the  aromatic  acid  esters  used  are  : 


Metliyl  beaioate 
Ethyl 


I'heriN  I  ethyl,, 
l,ii>ul\l  ,, 
Meiiiy  1  i*alicylate 

Ethyl 

Amyl  „ 


BotUag'ffaiiit 


190-2'  (740  mm.) 

211°-212^(72»mm.) 
t2t<^4" 


217  (730  mm.) 

I  234"  (743  mm.) 
Il7e«-S77°(743mni 


SynUwUc  oU 
In  wUeh  wed 


YlapK  -  ylang, 

hyacinth 
YlanR-ylantf 
Largely  u«e<l 
a-*  a  folvent 
for  non  •  al- 
coholic rer- 
fiime*.  e.g. 
arti  nci  al 
niu.»k» 
Hyacinth 
VlanK-ylanK 
Oil  of  wlnter- 


.)  Olovsr 


Tlie  eatctii  of  the  unsaturated  and  ketonic 
fatty  acids  also  find  considerable  application. 
The  a3-unsaturated  aoids,  e.g.  nonylenic  aoid, 
may  be  prepared  by  condensing  aldehydes  with 
inalonic-  acid  in  pvridino  Htilution  (Weizmann 
and  Uarding,  Chem'.  Soo.  Trans.  1910,  97.  299). 

The  aoetylene  oarbozylie  adds  are  prepared 
by  acting  on  the  sorlium  componnds  of  th< 
acetylene  hydrocarbons  with  CO,  in  ethereal 
solution.  Heptine  (C^H^t)  and  octine  (C„H,4> 
are  thus  converted  to  oclinic  and  noninic  acids  ; 
on  boilini;  thc«se  with  alcoholic  caustic  jiotash. 
esters  of  /^-kctdiiic  acid.-*  are  obtained  (Moureu. 
D.  K.  PP.  132^02, 1902  ;  133631 ;  158252.  1905). 

These  esters  are  also  directly  prepared  bv 


treating  the  scxiiuni  conipound.s  <>{  the  hyilii« 
carbons  with  chloroformic  ester  in  ethereal 
sotutioo. 

PHSNOLS  AND  TU£IK  KTUEUii. 

fSoBllitllol  (v.  EiroBiroi.). 
AMthoIe  ( ANKTiii.r.r.). 
Thymol  ir.  1'hkn"i.  .\m>  its  HoMoi.oiirjEs). 
Naphthol  ('.  N AinTHAi.ENK). 
The  methyl  and  ethyl  3-naplithyl  ctlifr'^  are 
both  known  a.s  nerolin,  the  former  as  yara-yara. 
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Um  Ifttter  a»  brumDlia.  in  very  tiiiute  Moiotioii, 
Um  odonr  tmtmVIm  thftt  of  omoge-flowor. 

General  metiiodB  naed  lor  tfao  pfodoetioD  of 

higher  fatty  aideh^dea  ate — 

(1)  The  reduction  of  the  eater  of  the  c<^rre- 
sponding  acid  to  the  aloohd  Mid  rahMquent 
fixidatioo  of  the  nicohol,  hmitftd  coppw  Oting 
naed  HH  the  caUlyiit  agcuL. 

(2)  The  method  «.f  Darzena  (D.  R.  P.  174239, 
1742781,  bj  wiiioh  a  ketone  ia  condensed  with 
eillaraoaitie  etter  in  the  presence  of  an  alkaline 
".n  ltMising  11  gent ;  on  heating  the  giycidic  acid 
thua  obtained,  C0«  ia  ovolved  and  the  aldohyde 


oxidifod  with  oold  permanganate  and  then  with 
ohromio  sold,  MOtone  and  laevulio  acid  result. 
In  acetio  Mid  solution,  it  i.-^  rtiiuuid  by  &<>dium 
amalgam  to  gpcuioL  The  action  of  aodiuw  hi* 
sulputo  pffoduoM  diffanot  oomponnds  •eoofding 
t>t  thu  corulitioir^  (Tii mann,  ibifi.  IHMS,  31,  3317). 
I  lie  uoniiai  cuuipduud  from  which  the  citral 
may  again  be  regenerated  1^  ill*  MtloB  ol 
alkaliti,  is  formed  in  the  presence  of  a  Hniall 
quantity  vl  fauJpUuruuii  acid.  The  ^^uu^iitho- 
cinchoninic  acicl  compotttd  (nup.  200")  it  Vied 
for  its  identification. 
atrontUal  C„U„0 

(CH,),C:CH-CH,-CHjCH((;H,)CHjCliU 
CU,:C(CH,)CH,CH,-CH,(;iI((;H,)Cll,CUO 


SSr^rodtoirSJ-  tff^JJt^*^**^  '         ^^^^^  (26  mm.);  Bp.gr, 

(Cii«),CO+UGH.<X>OJfit^(GH,).CM^a-C00Et 


V 
i  I 


>tCH.),CHCHO-i-CO, 


(CH,),C<JHGOOH 

V 

o 

Uigher  fattv  aldehydes  h»Te  boen  deteoted 
in  ttib  of  con,  lemon,  fto. 

OetaUehyde  C\H„0 ;  b.p.  OO^-W*  (10 
mm.),  i»p.gr.  0-827  at  Id >  11,^  141866.  Pre- 
pared Irom  octyl  aloohol  (gftWmmd,  Rep. 
ism;).  25^  Tt..  /3-naphthyl  oinohoDklio  Mkl 
derivative  meitti  at  234^. 

n-WMtMiAfU  C,H„0  ;  b.p.  80".8S<*  (13 
ram.),  sp.gr.  0-8277  at  15°,  n»«*  1-42462  Firnt 


o  nr/SH  at  17-5  ,  nu  1*4481,  ao  IS*  aO*.  Occurs 

chiefly  in   t  itronolla   oil.    It   is  rd  by 

Modium  iinialgatn  tu  citruucllul  ;  the  artum  of 
acids  reauit.s  in  closing  the  ring,  t«opulegol  being 
formt<l.  'I'lu'  action  of  Hodiutn  bi.sulpliite  has 
been  wtudied  l>y  'iiomaun  (Btr.  Ibl'b,  HI,  3b06). 
15y  adjusting  tbe  conditions,  methods  of  separa- 
ting citral  and  oitconallal  hftro  been  devised. 
Thus  whilst  oitral  reacts  with  dilute  solntions 
of  Bo<lium  lji8uli)hite  and  Mc.irboiiato,  citronellal 
reacts  only  with  concentrated  solutioiu  (Ber. 
1800,  S8;  Slffy.  Ifttoh  diMurioD  hM  token 
place  as  tu  the  i  b  i^tity  of  natural  dtronellal 
with  tho  compound  obtained  by  oxidibiug  rose- 
oil  citnim  Uol,  the  latter  compound  being  deMg- 
mitc<l  by  Barbior  nntl  Bouveault  im  r!io<iinal. 


d«ieoted  in  rone  oil  (Schimmel,  Rep.  lUOO,  M)  i  J'»^/onvoniion  of  rUudinal  to  nnnthunc  ut.der 
Md  «ib«>quently  in  orris,  cinnamo!,,  nuuuluin  I       'nflucnce  of  acid-  "  ^y  Barbi.  r  a.ui 


nod  leriK/n  <jilg. 

A  yield  of  71  p.c.  is  obtained  by  diMtilliiig 
a-hydroxydeoic  acid  (Bagartl,  Boll.  8oc. 
chim.  1907,  iv.  346;  liouveault  and  Blanc, 
Compt.  rend.  13«,  1903.  167).  Identi6cd  by 
the  oxime  (in.p.  6tt°),  Homi-carbazoao  (m.p.  100°) ; 
yields  peUrgonic  acid  (b.ji.  2r)2' )  on  oxidation. 

i»-D«e*ldehyde  C,„Hj..(),  b.p.  m^'-W  (12 
mm.).  2O7''-20»°  (7f..'.  mm.),  Hp.gr.  0-828  at 
I5^  njf'  1-42977  (SU-pli^n.  J.  pr.  C  Vm.  1900,  [iL] 
fti,  rj25).  (><-(;urn  in  orris,  n^roii,  mandarin  and 
otht^r  oiln.  A  '  icld  of  52  p.c.  i«  obtained  by 
dittitling  «- hydroxy undecy lie  acid.  'I'hc  oxlme 
nidto  00"»M»nii-carbazone  at  102'', /3-naphtho- 
cfaoboniiiie  wnd  oomponiid  at  287*. 


Clfral  fsjcranial),  (\^H..O 
ia)  (i  Hjj.C :  CH-CUVcU,-C((:H-)  :  Cli  CHO 
(6)CH, :  C(CH,)CH,<3H.-0H,-qCHt)  i  CH-CHO 

b.p.  I10''-U2*' (12  mm.);  .^p-r.  0  807*2  it  If,  . 
Hp  1*4831.  Occurs  in  lemon  grass,  citroncUol, 
rose,  and  many  other  ofls,  as  two  stereninomeric 
fornifl  (a)  and  {b)  (chii  fly  f!ic  fotrm  r),  giving 
■oaucarlwMCones  melting  respcitively  at  164 
nad  171*  cnomnnii*  Ber.  1800.  82.  US).  On 
oxiifi-^iria'  c?*-r;iniol  with  chromic  ncid  mixture, 
a  30-40  p.c.  yield  of  '-itral  in  obtained,  and  it  is 
ols'i  formed  when  linal  1  ni  1  n  rol  are  oxidiffod. 
It  has  n  )iyritli»-«iscd  by  diistilling  a  mixture 
of  the  C4,ki>Hn  saltH  of  gi;raiiie  and  formic  acida. 
On  heating  with  acidn,  it  in  (uioverted  into  oymeno 
(TiMnaon.  Ror.  1890,  32,  107);  with  caustic 
soda,  methyl  hoptenone  and  acetnldehyde  are 

forme<l.     Dxidatiotj  witb  rhrffmir  .i'  id  tiiixtyf 

eonirartsit  into  methyl  heptenone,  but  if  linit 


Bouveault  (Compt.  rand.  1886.  122,  737  ;  1804. 
138,  1699 ;  BuU.  Soe,  nhfan.  1000,  nil]  23,  468), 
although  denied  hf  Tlemami  and  sdiniidi  <Bot. 
1897,  30,  38). 

Harriea  and  Himmelmsnn  (Ber.  1008,  41, 
2187)  have  since  shown  that  in  citronellal  thi> 
two  iitomeric  compounds  formulated  above  arc 
present.  The  m micarbazone  (okpi.  82-6°)  and 
j9-uapht!iyl  cinchoninic  add  OOmponnd  (nL|k. 
226*^)  are  ciiaracteriatic. 

>M \TlO  ALDEHVPKS. 

Benzaidehyde  C.H.-CUO  (v.  BEiiZAU>KHVua). 
Fbrayl  MMlalMiydt  C,H,-CH|-GHO;  b.p. 

16*  (5  mn.K  t^gr.  1^16  at  16%  1*68686 

(Scly  nimc!  and  ('<>.).  Thin  may  bo  obtained  fron 
plicn,vl  ciilor  (or  a-lirom)  lactic  acid  or  from 
pbeny!  and  «-brom-8tyrol.    By  gentle  oxidiiliw 

ap**nts  it  i.H  <  ^ln^ 'Tt<  <|  intotlic  corresponding  add* 
It   iH    uiintaljlt!  and  tcnd-s  U>  p<jlymcri«o  on 

Ckmamaldebyde  C«U.  CU:CU<;UO  (v. 
CnntAMio  Alobhydb). 

SaUcyaldehyit  C«U4(0H)CH0  («.  Sauoyuo 

Aloeuyok). 

AnistMeliide  C,H4(0CH,)CH0,  fi-niethoxy 

b'  r.zaldchvdc  (Aub^pine);  b.p.  248"  (corr.),  91" 
(4  mm.),  8p.gr.  l-r2H-l-129  at  15",  r.-;'*  1-672. 
Prepared  by  the  oxidation  of  ani^^i  oil,  ootuiistiog 
CH:CH-CH, 


chiefly  of  anethule  | 


with  about 


10  p.c  of  thoisomuricestragok-.    The  oxidi»ing 
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agont0  used  are  dilute  nitrio  adid,  obcomio  acid 
mixture  or  uzone.  It  w  (ilso  obtained  by  the 
methylation  of  p-hydro.\\  In  nzaldohydc.  The 
aemi«earba20oe  melto  &t  ' 20^^-204%  the  two 
mo^imtions  of  the  ozime  at  68*  and  132* 
reapectivdy. 

CHO 

^\ 

\  JOCH. 
OH 

CHO 


VaaiUln  i    Unn.  i*'-  Vaitiluk). 


Heliotropln 


.0, 


(Hperanal) 


methyluie  pvoto- 


oatechuic  aldehyde.  White  crystals  in.\).  36"; 
b.p.  236°.  Ueiiotropin  has  toe  oharactenstic 
odour  of  heliotrope  flowers,  but  it  has  only  been 
detected  with  certainty  in  the  flowers  of  Spirasa 
vimttria  (linn.).  It  was  originally  syntheeieed  by 
Fittig  and  HBelk  from  piperonylic  acid«  and  mw 
prepared  from  piperine.  Cmund  pepper  Ib 
mixed  with  Blaked  lime  and  wat«r,  evaporated 
to  dryniem  and  extracted  with  ether.  The 
residue  i''  boilo»I  with  .il'uliolii-  potash  and 
the  potassium  pipt^rat^'  lurniol  oxidised  with 
permanganate.  From  tlxe  !  It*  red  adutioilt 
holi otF'  pin  crystalliaea  out.  It  is  now  manu- 
fiic  lured  by  the  oxidation  of  Mosafrol  with 
permanganate  or  chromic  acid.  The  product 
ia  steam  dift-MM«  extracted  A^-ith  ether  and 
purified  by  means  of  its  bisulphite  compound. 
The  yield  prodiKfd  by  oxidation  of  .safrole  is 
muoh  lesSf  so  that  the  safrole  is  oonTertod  first 
to  Mos^^le  by  boiliiig  with  akohoUc  potash. 
CH :  CH<CH,      CHt'CH :  CH* 


The  orris  root  is  extracted  witii  ethtf  and 
the  extraoted  matter  distilled  in  stehm.  The 

volatile  fraction  Votitainh  iroin  .  iiiyris-tif .  antl 
oleic  acidu  and  their  ebters  and  ok-ic  aldehyde. 
The  acids  and  esters  are  removed  by  treating 
witli  alcoholic  potu>h.  the  aldohydes  oxidioe<i 
by  nteauB  of  silver  uxiUe,  aud  linaliy  the  irone 
■sparatcd  by  eonversion  into  its  phenyl  hydra  • 
zone  (Tiemann  and  Kniger,  F<'t.  ISO.'i. 
2675).  It  may  be  obtained  more  convt  ujently 
from  orris-root  oil  by  fractional  distillation. 
The  ameU  of  the  pure  substance  is  ahan> 
when  conoentrated,  bnt  if  largely  diluted, 
resembles  that  of  \iolet8.  11  ■  ynthcais  hi\^ 
been  aooomplished  by  Merliug  and  WcJdc 
^Annalen,  1900,  S60^  119)  who,  stuting  from 
i«opropylidene  arotnncetic  ester,  8uocee<lcd  in 
obtaining  ^A-cycU/vHru]  ;  on  condensing  thi^ 
with  acetone,  irone  was  produced. 

It  is  characterised  by  ii  tplicnyl 
hydrazonn  (m.p.  IT^^-ITS"),  and  an  oxuiie 
(m.p.  121-5*').  crystaUiaing  with  difficulty. 

loDone  CitUttO 

CH 

^*  s  /^<I«I :  CH-CO-CH, 
0 


I 


U- 


-<JH, 


'x  'ox 

U  CH, 


The  use  of  ozone  as  oxidising  agent  gives  a  good 

jrield  of  a  pure  profluct  {Otto).  It  may  also  be 
prepared  by  the  action  of  methylene  iodide  on 
protocateohuic  aldehyde  in  presence  of  alkali. 

Sinrr  its  inti  ^luction  in  1879,  tlic  price  has 
fftllt  n  tinni  u»  'iOs.  per  kilo.    It  must 

be  k.'i)i  ill  I  cooi,  tbrk  place  since  it  becomes 
gradually  discoloured  on  exposure  to  light ;  in 
the  hot  weather  it  is  conveniently  kept  in 
alcoholic  solution.  It  may  be  idcTitified  h\  a 
semicarbazone  (m.p.  224''-i25°),  by  reduction  to 
piperonyl  alcohol  (m.p.  61*'),  or  by  oxidation  to 
pipetonylie  aeid  (m.p.  228**). 

KBTOKSa. 

The  most  important  members  of  this  class 
are  iruue,  the  odoriferous  principle  of  orris-root 
iononOf  the  basis  of  the  synthetic  violet  pi-rfumes, 
and  jiusmone,  the  ketone  isolated  by  H«-^^n  from 
jasmine  oil,  the  constitution  of  which  is  as  yot 
unknown. 

irone  Ci,U„0 

CH, 


UH, 
CH,,  C-CH, 


(II  mm.),  sp.nv  0-933 

one,  b.p.  127^-m'6* 


I 

a-Ionone,  b.p.  I23*-124' 
.t  20°,       1-4980;  /3-lom 

(lU  mm.),  8p,gr.  0-9iQ  at  17  ,  n};'  1-521. 

lonone,  obtained  by  Tiemann  ami  Kriiger 
(Ht-r.  1S93, 20,  2ti91 )  inanunsucce.'^sful  endeavour 
to  synthesise  none,  iorms  the  basis  of  synthetic 
violet  perfumes.  Citral  and  acetone  interact,  in 
tho  pre-ii-ncr  of  alkaline  rondiiisitiL'  .iiionts, 
forming  ^'^t  u</o-iuuonc,  a  pale  yellow  strongly 
refractive  oU,  boiling  at  143M4(i»  (12  mm.^ 


CH  CHO 


Cl(  H,), 


H,C 


OH. 


CHHJH:CH<X)-CH» 


H/'HC. 


CHj  C0-1:H:CH\ 

C(CH,), 

b.p.  144''  (10  mm.);  sp.gr.  0  9:J9  at  20^  [a], 
+40",  Up  1-50113  (Tiemann  and  Kruger). 


CH 


C(CH^). 

This,  when  treated  with  acids,  is  converted  into 
a  mixture  of  the  isomerie  oydio  ketones  a-  and 

fi-  ionono.  Ah  tin-  alk.ilinr  rnndfiisinf:  .ipent 
dilute  baryta  waUT  may  l>e  U4>td,  ur  liu-  dry 
mixtun)  of  citral  and  acetone  may  be  shaken 
with  dry  sodium  peroxide  (Kuvsc,  D.  R.  P. 
127601).  or  with  PbO.  LaO,  or  'borates  (Haar- 
1  and  Reimer,  D.  K.  P.  130467).  Tho 
proportion    >f       or  fi-  compound  produoed 
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dojpends  on  the  natun*  rtf  the  uoid  ohuseD  to 
effect  the  dusiiig  uf  the  ring.  Cuuoenirat4xi 
Kulphiirio  Mid*  or  the  prolunged  action  of  dilute 
aoids  produces  chiefly  the  0-  ( ompound,  concen- 
trated phosphoric  or  formic  acids  almost  entirely 
the  a-  derivative.  a-Ionone  is  tmubfonncd  by 
ooooemtntedaulDhanoMidiioto  the^-oompound. 
Varioas  methods  have  been  devised  tor  the 
separation  of  tho  a-  and  5-  forms.  If  thv  mixed 
biHulpliite  compounda  be  distilled  in  steam, 
0-  ionone diatils  over;  the  «•  oohipovnd  remaing 
behind  in  corabinntion  and  is  liberated  on  the 
addition  of  iUkuli.  Tho  difTorcnco  in  solubility 
ol  the  semicarbnzones  may  aJso  be  utilised. 

a*Tonone  is  charactorified  by  ft  jKbcomphe^yl 
hydrazone  (m.p.  142°-143°). 

/3-Ionono  is  ciinractcns<.!d  by  ft  |>>hKOfliphail^ 
hydraxoue  (oLp.  116°-lia°). 

Th»  temieiurbaKoiMR  melt  rewpeottvdy  at 
107^-108"  (a)  tind  148' (B). 

A  largo  number  of  patents  deal  with  the 
preparation  of  rimflar  prodneta.  HomokigtiM 
of  acetone  and  other  keton<^s  may  replace 
acetone  (Fr.  Fat.  269884).  Iv&iderine  is  thus 
produced  by  condensing-  with  methyl  ethyl 
ketone,  iantliono  with  methyl  pt  titenone  (Fr. 
Pat.  278333),  ganthono  vnth  nieaityloxidc 
(D,  R.  P.  118288).  Calcium  chloride  and  iron 
ohlorids  have  also  been  used  as  oondensing 
agents.  The  ohaceoterisUo  violet  odour  of  these 
L<iin)xmnds  only  beconMS  ftpperent  m  dilute 
solutioua. 

Tonone  hydrate  and  ita  hom<dognes  prepared 

noiidensiiig  citral  hydrate  with  acotono  are 
aW*  described  (Uoulin,  JL>.  K.  P.  198483. 2UUt>54). 


Cpamvlii 


«,  GSouMAAiN)  hfta 
new  mown  hay. 


the  soent 


OXIDR. 

Cioeol  {V.  Camjphobs). 

(  mMpoCNDS  CONTAl.KIXO  NITBc)GEN. 

Indole*  a  oonetituent  of  jasmine  flower  oil  (v. 

Scatole  i    11    ill  rivet  {v.  Indolks). 

Methyl  aDthraoUate,  m.p.  24°-25^ ;  b.p.  132^ 
(14  oun.),  sp.gr.  1 '168  at  15  .  Occurs  in  ncroli, 
tiihorose,  yl  iiig-ylang,  jasmine  flower,  bergamot 
aud  ot  hur  u'ilL  It  cousiiita  of  white  crystals 
wliiclt  show  a  bine  fluorescence ;  solutions  are 
also  fluorescent. 

Methyl  roethyhmthranilate,  m.p.  iH  o^-lO-s" ; 
h  p.  130'  (13  mm.)^ sp.gr.  I'laOat  16*.  Ooeurs 
in  nuuularin  oiL 

mtrobenzene  is  used  as  asubatitttteforlNtter 
almoiid  oil. 

Tlinitro-tert.  -bui^ltoluene 

(Tonquiiiol  or  Muso  Baur),  pale  yellow  or^rtals 
(m.p.  96°-97'').  Prepared  by  condooaing  mo* 
butyl  chloride  with  toluene  in  the  presenoe  of 
AUJj  ami  nitrating  the  prorliit  t  farmed  ■  during 
the  process,  the  i^obutyl  is  transformed  to 
tertiary  butyl.  The  butyl  toluene  is  added  to 
5  times  its  weight  of  a  mixtnre  of  1  part  HNO, 
(1-5)  uid  2  parts  fuming  HaS04  oontaining 


XHB    CBB    or   SYNTHETIC  SUBSTAXCB3  IK 
BLKMDINa  OK  PEIIFUMKS. 

By  suitably  mixing  and  diluting  the  com- 
pounds enuuiLiatcd  above,  a  j^'n-at  variety  of 
perfomee  may  be  produced  aud  maiur  of  the 
natural  ofls  tuad  eztraots  hnitated.  Tne  exaet 
composition  i>f  these  siibstitutcs  varies  with  the 
particular  maker  and  is  kept  as  a  trade  secret. 
As  far  as  possible,  a  knowledge  of  the  compoei* 
tion  of  the  iiat  mal  oil  serves  as  a  guide  in  choosing 
the  constituents ;  in  the  blending  of  perfumes 
tho  best  results  appear  to  be  obtained  by  the 
addition  of  both  natural  and  synthetic  products. 
Thm,  iu  the  group  of  perfumes,  jasmine,  lUac, 
muguct,  &c.,  jasmine  oil  u  ftdded  to  ft  mixture 
of  wnthetio  aobatancea. 

BMgftmot.  The  nmturel  oil  oontaina  about 
p.c.  of  linalyl  acetate  :  other  constituents  arc 
Umonene,  di-pentene,  linalool,  camphono,  octy- 
lene,  aeetie  ackl  (Burgess  and  Page^  Ghen*  Soc. 
Trans  l!«04.  85,  1327),  and  two  snfaitftiicee  of 
unknown  constitution,  bergaptene 

(Pomoranz)  and  bergaptine,  a  coumarin-like 
substance,  melting  at  59-6**  (Soden  and  Kojahn, 
Pharm.  Zeit.  40.  778).  The  main  constituent 
of  the  synthetic:  oil  is  linalyl  ;i<  i  f  iir  ;  t.  ipineol 
acetate,  geranyl  propionate,  and  gerauyl  luethyl 
ether  are  also  used  m  Ite  preparation. 

Carnation.  Eugenol,  isoeugenol,  caryophyl- 
leue  are  used  as  ingredients  of  oil  of  carnation. 

Hawthorn.  The  scent  of  the  hawthorn  is 
f^thfuUy  reprodooed  by  anisaUiehyde  (Aubd* 
pine). 

HflHolrope.  Attempts  to  identify  heiio- 
tropin  in  the  extract  of  heliotrope  flowers  have 
failed;    the  odour  of  synthetio  h^otropin 

closely  resembles  th  a  f  the  helioti  pt  fl  aver 
and  is  the  basis  of  all  the  heUotrope  puriumes. 
Its  odour  ia  improved  bv  the  addition  of  eon* 
ui.urn  and  vmoiUin  and  by  Uending  with  me 
or  jasmine  oil. 

Hyacinth.  EnUaar  (Chem.  Weekbkd,  1, 
1910,  7)  identified  benzyl  alcohol,  benzyl  ben- 
xoate,  aud  ethyl  cinnamatc  in  the  essential  oil 
ofhyadnth;  hefailed  to  detect  methyl  anthrani* 
late.  Cinnamio  alcohol  is  enwoiaUy  charac- 
terised by  a  hyacmth-like  smelL  Hie  following 
constituents  are  used  in  preparing  an  oil  of 
hyacinth:  phenyl  ethyl  alcohol,  cinnamio 
•loohol,  phenyl  ethyl  aldehyde,  methyl  1)enz<)ate» 
phenyl  ethyl  ft(etat<-,  methyl  and  ethyl  cinna- 
mates,  terpineoi,  and  o-chlor-  and  a-brom« 
styrolenes. 

Jasmine.  The  oil  extracted  from  tho 
pomade  obtained  froui  jasmine  flowers  by  the 
nmee-s  of  cnfleurage  was  shown  by  Ucsse  to 
have  the  following  compoeitioa  (Ber.  1899,  32, 

Bentyl  aoetftte       .  .65-0  p.o. 

Linalyl  acetate       .  .     7-5  „ 

Benzyl  alcohol        .  •     6-0  „ 

Linalool         .       .  .    16-0  „ 

Indole    .  .2-5 

Methyl  anthrauilate  .  0'6 
Jaemone  (a  ketone  Ci,Hi.O)  3*0 

methvl  anthranilnte  cannot  ho 


The 


•« 

M 
M 

extracted 


directly  from  the  plant,  but  appears  to  be  formed 


15  p.e.  anhydride  and  heated  at  100*  for  8-9  during  the  process  of  enflenraga   By  diataUa- 

I  tion  with  steam,  04  p.o.  methyl  ftathiaoilftte 
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mm  obtained.  The  oii  obUiacd  by  diatilliog 
tlie  fvwh  flowen  wa«  fonikl  to  boitoefroiii  indole 

(HeBsc,  Bor.  1904,  37,  1457). 

£Ize  (Clxem.  Z&ii,  1910,  U,  912}  fuund.  in 
addition  to  the  aboTe^  eiimainyl  acotute,  gcraniol,  | 
p-crest)l,    and    p-crcsyl    methyl    ctlifr.  The 
8yntlu:tic  oil  (.ou^ihts  chiefly  uf  bc-iuyi  ucctute  , 
and  benzyl  alLuhul  to  which  cinnamic  acetate,  ' 
Unalooi  and  its  acetate,  indoiio  and  mathyl  i 
aathnnilate  may  be  added.  The  snbitanee  | 
peculiarly  chariictemtic  of  tlic  jasmine  t^ccnt 
appeam  to  be  the  ketone  jaiimoDe,  which  cannot 
yafe  be  obtained  syntiietioally.  A  proportion  of 
jasmine  oil  is  generally  added  to  the  mixture  of 
synthetic  substanoee,  as  the  oil  prepared  only 
from  ^thetk  mbatancea  ia  not  entirely 
aatisfactory.  i 

Lilae.    Tcrpiiiool  ia  the  chjiracttristic  con-  i 
stituent  of  lilac  |)cTf  ume».    Commercial  terpineol 
is  prepared  by  the  action  of  dilute  acida  on  \ 
te^in  nydrate,  the  fraction  boiUng  up  to  216",  | 
being  known  us  ttTpiuul  ami  terpiiiulene,  above 
210'^  as  terpineoL    Commercial  terpineol  is  '< 
obtainable  botii  in  tha  aofid  and  liquid  forms, 
ihv  I 'Iter  having  the  more  intense  odour.  It 
ooutaius  both  di-x>entene  and  terpinolene. 

my  of  tha  Vallay  (Muguet).    Terpineol  is 
also  tisod  as  a  constitufut  of  the  lily  of  the  j 
Valley  pei-fuiuti.i  with  guiauiul  iiud  citroiiellul.  I 
A  mixture  of  90  p.c.  terpineol  and  10  p.c.  polma  . 
roaa  oil  has  *  strong  mugoet  odour.  Linaiool, 
benzyl  aloobol  and  its  acetate  afo  amongst  the 
otiiei  I   n.-^titucnts  employed. 

Musk.  .Natuial  muak,  obtained  from  ^ 
•bdominal  gland  of  tiia  mask  daer  {Mot^ma 
moschifertu),  owes  its  characteristic  odour  to  a 
ketone,  muscone  (C^^HaoO  or  C),H],0) ;  the 
diatillate  obtained  on  distilling  ioB  secretion  in 
Bteam  is  extracted  with  ether,  trefit«'<l  with 
alcoholic  ^tash,  wjuilied  with  wat-er  anci  iinally  I 
distilled  tn  vaeud.  The  ketone  passes  over  in 
the  fraction  boiline  at  US^-U?"  (3  mm.). 
Huaoone  is  now  sold  in  alcoholic  solution.  As 
early  as  1759,  Margraff  had  ohtaiiieJ  a  product 
smeilinc  of  musk  by  treating  amber  with  nitric 
add.  In  1878,  Ton  Geriontefli  obaarred  th<> 
musk-Like  odour  of  chlor-  and  brom-nitro- 
oyiueues  and  tluee  years  later,  Kolbo  prepared 
another  musk-scented  compound,  di-nitro- 
?»-cympnr.  in  18SS,  P.aur  took  oTit  the  first 
patents  for  the  preparation  of  uitilitia)  musk 
and  has  since  mmie  an  exhaustive  study  of  the 
gronpe  in  the  benaene  ring  conditioning  tbe 
musK'like  odour.  Two  idtro-  gmupa  must  be 
present,  and  a  third  m  jjiiilive  j^roup  symnutri- 
cally  arranged ;  the  three  other  positions  are 
filled  by  alkvl  groups,  of  which  one  must  be  a 
tertiary  radicle.  A  largo  number  of  these 
artilictai  musivs,  di-oitro-  or  tri-nitro-  deriva- 
tives of  tert-l)uty  I  toluene  or  •xylene,  liave 
been  introduced.  Iha  moat  important  of  these 
are  : 


oompositioa  of  a  specimen  of  the  natural  oil  is 
^vm  as  foUowa  (Hesaa  and  Zeitachd.  J.  pr. 
Oiam.  1902«  {ii.)  66^  461} 

p.c. 

Uydrooarbona  (pinene,  camphene,  dipen- 

tene  and  a  pnralTin  (\  j  .       .  36*0 

Terpeue  aleuliuls  and  acetates — 

l-Linalool  30-0 

1-Linaiyl  acetate  ....  7*0 
d-Terpineol  .....  2-0 
Goraniol  and  neroi  .  .       .     ->  ■*> 

Qecanyl  and  neryl  acetates  4-0 
d-Neinlidol    .  .      .  .6-0 

Methyl  anthranilato  ....  O-O 
Acetic  and  palmitic  acids       .       .       .  0-1 

Indole  0*1 

Resin  and  loss  (dcoylio,  phenyl  acetic 

acids,  ins.)  ....  11*2 


100  0 


Trinitro-tert-bntyitoli 


Muse  Baur 
Moschus 
Tonciuinol 

Trinitro  tertiary-butylxylene 
Mnak  kstona  2>initro-tert>butyl^xylylnMihyl 

ketone 

Husk  aldehyde  Dinitro-  butyl-m-zylyl  alde> 

hyde 

Oraoge-flower  ^synthetic  ucroU  oil).  The 


Methyl  and  ethyl  /3-naphfth^l  ethera  am  em« 
ployed  as  substitutes  for  neroh  oil ;  a  mbtture 

of  the  two  was  originally  introdueed  ius  neroliu, 
the  forma;  ia  now  known  as  yara*yara,  the  latter 
as  bromelia.   In  the  composition  of  the  ayn- 

thetio  oil,  geraniol,  linnlool,  nerol,  and  their 
Actiiaim  witli  methyl  anthraiulato  are  used.  A 
solution  of  40  grams  of  the  synthetic  oil  in  1  kg. 

of  alcohol  constitutes  thr-  tincture  used  as  the 
equivalent  of  the  lirbL  iniusion  uf  the  flower 
pomade. 

Rose.  The   natural  oil   was  shown  by 

MarkownikoS  in  1891  (Ber.  23,  3191)  to  oonrist 
of    an    inotlorous    hydrocarbon,  stearopt<;ne, 
melting  at  36-6°  and  a  liquid  portion,  eleoptenc, 
from  which  two  substances,  having  the  com* 
position    C,„H,,0    and    C,„H2„(),    could  be 
separated.    In   the   same  year,    I'oluck  and 
Eckart  {ibid.  23,  3554)  showed  that  the  liquid 
constituent  CioH,,0  (rho<iinol)  was  identical 
with  goraniol,  nsoialt'd  by  btiuimler  from  Indian 
mramum  oil  and  constituting  66-74  p.c.  of 
German  and  80-88  p.o.  of  Turkish  rose  oil. 
The   presence  of  citronellol   (C,oH,oO)  waa 
established  \>y  Tiemann  (Ber.   2'.t,  931),  who, 
b;^  treating  title  alcohols  at  a  low  temperature 
with  Fdg  in  ethefeal  aolution,  obtained  a  phoa* 
phito  of  citronellol,  geranyl  chloride  remaming 
m  the  ethereal  solution.    Those  two  alcohols 
form  the  main  oonatitueota  of  rose  oil  and  of 
sneh  preparations  as  roseol,  rcuniol,    «.!•<•.  In 
1900,  it  was  bliown  that  the  extract  ot  frcsli 
rose-leaves  contained  about  2  p.0.  of  phenyl 
ethyl  alcohol.   This  was  present  to  a  much  leas 
extent  in  the  (tils  obtained  by  steam  di8tillation» 
owing  probablv  to  the  loss  of  the  sparing^ 
solulue  siooiuu  in  the  steam  distillate.  h> 
addition  to  the  abov«  aloohda,  amaH  amounts 
I  of    linaluiil.    <  itrid,    and    nonaldehyde  were 
detected  (W  aibaum,  Her.  1900,  33,  2299,  2302  ; 
Up.  Soden  and  Kojahn,  ibid,  1900,  33,  3088; 
Sclummcl,   Hep.    1900,   5.1).    The  substance!? 
enumerated  above  are  Ui^ed  ia  iho  mauufacturi: 
of  synthetic  rose  oiL    Up  to  the  present,  the 
scent  of  the  oil  prepared  entirely  from  synthetic 
substances  cannot  rival  the  fragrance  of  the 
natural  product.    The  most  successful  prepara- 
I  tions  contain  some  proportion  of  the  natural 
I  oil  or  of  the  tincture  made  bom  the  natural 
'  extract,  to  which  some  synthetic  rose  oil  and 
[  sucix  substances  as  neroU  oil*  vanillin,  musk,  or 
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ptber  »vnthtti6  compounds  may  be  added  at  the 
cUMnrtion  ei  the  penomer.  Bxteniive  advlten- 

tion  of  the  natural  oil  takes  phu  c  at  the  sourco 
ol  prodaotiou,  *.g,  in  Bulgaria,  tho  geraniol  and 
(dtroneUol  fnun  oheaper  oils,  raoh  es  geranium, 
pnlma  rofln,  being  added  and  dietiUed  with  tlie 

rose  oil. 

VMet  The  bade  of  tlie  artiiicial  violet 
perfume*  is  ionone  or  some  clusely  allied  siib- 
8tanoe.  Tho  sct-iit  of  a-ionone  stated  tu  be 
sweeter  and  more  petietniting,  reetsmbling  more 
oloaelytbatolonisrooti  thatof  tbe^-oompound 
reeemUee  mora  doeely  the  natural  violet. 
After  isnu'Uing  a  natural  vi(»Iet  extract  or  a 
aolution  of  ionone  for  some  little  time,  the  odour 
often  cannot  be  peroeiired,  the  naul  nerve- 
endings  being  cjvsily  fatigucnl  by  thia  scent. 
The  smell  of  violets  is  only  apparent  when  the 
pure  substance  is  diluted.  Ionone  was  origiiially 
placed  on  the  market  as  a  10  p.c.  ak!ohi)lic 
solution,  10  grams  of  which  gave  I  kilogram  ol 
violet  tini  turt'.  Now  the  pure  Kubstances,  oon- 
aiating  of  100  p.o.  a-ionone  and  100  p.0.  0>ionone 
reapeotively  are  obtainable.  Irone  and  deriva- 
tives of  ionune  also  find  application.  With 
the  violet  tincture  so  prepared,  other  tinctures 
made  both  from  natural  and  synthetic  oUa  are 
blended  :  rose,  jasmine,  orris,  ylanc-ylang,  are 
amongst  those  thus  used.  As  instances  of 
violet  scents  prepared  from  natural  and  syn- 
thetic substances,  the  following  may  be  quoted 
(Mami,  Moderne  Parfumorie) 

Sprittc  vloM.  TloM  scent. 

jrrm^.  gmu. 
eooo  Infnsfam  viuiets,  i.     5000  Ttawtae  ionone  >. 
2W0      „      tme,  1.         1000      „      to9ti-r>i\  » 
740      „      jatmlne,  I      lOOO      „      jasmine  = 

«M      .,      acacia    ' 

50  Tincture  coinnahn 
50  Infusion  benzoin 
60      .,  musik 
100  Solution  roM  oil 
too  nacture  vanillin 
40      ,,  viodoron 

Tlang  ylailf  «IL  The  oil  extracted  from  the 

flowers  of  Canangn  odorai  a(Hook.)(!,'.On^,  Essen- 
tial) contains  about  30-32  p.c.  linoloul,  U  p.c. 
liivalyl  benzoat«>,  7  p.c.  linalyl  acetate,  a  little 
geranid,  and  about  30  p.e.  of  a  hydrooacbon* 
eadiaeneu  Hethyl  aloobol  and  ji-ereeyl  aoetate 
have  also  been  detected  (Darzens,  Bull.  Soo.  chim. 
1902,  27,  83).  Baoon  identitied  in  addition 
formio  acid  and  teoeafrol  (Sohimmel,  Bep.,  Oct. 
1908).  In  the  composition  of  the  artificial  oil, 
the  following  compounds  occur ;  linalool, 
gefaoiol,  nMtiayl  and  ethyl  benzoates,  linalyl 
and  geranyl  benzoates,  benzyl  salicylates  and 
other  esters.  Bacon  {i.e.)  also  examined  a 
number  of  esters  with  reference  to  their  tnita' 
bility  ae  oonstatnente  of  thia  oiL 

mw  mown  hay*  Oonmarin  forms  the  main 
constituent  of  Hum  p<'rfume  and  with'lt  tinctures 
of  orange,  rotie,  jasmine,  &o.,  are  blended. 

As  instances  of  two  weII>kno«n  fancy  per- 
fumes, the  following  may  be  quotrd  (Mann, 
Moderne  Parfumerie).  Toeae  arc,  of  course, 
subject  to  wide  variation. 

Pean  (TBvpacai.  Sm  liompist. 

snn*.  srms. 

60  Caaaie  flower  ofl  SOOO  Tinctore  of  rose,  I. 

100  Sandalwood  oU  1000        „      ca»Me.  I. 

60  Niobe  oU  1000  tUlMKMe.  I. 

200  Bergamnt  oil  2550  Vstract  of  rseeda 

1000  Tincture  of  mupk  2000  bercaniot 

1000         ,,      civet  10  Rosewood  oil 

1000  lofouon  o<  tolQ  fiO  Befgamoi  oil 


£sB  liouQuet. 

1(K}  Infusion  of  mu*k,  I. 
Tinctuiu  of  civot 

100  Infmlon  of  tolu 
Sluaaoll 


Peat)  d'Espaeue. 

gnus. 
40  VeUver  uU 
10  Turan  oQ 

10,U00  ttpirit 


Eau  de  Cologne.  This,  one  of  the  oldest 
and  most  famous  of  perfumes,  \vaf  uiannfactured 
in  Cologne  at  the  end  of  the  scvcnteent  h  ceiitmy. 
It  is  disputed  whether  Joliriiui  Maria  farina  or 
Paul  de  Feminis  of  Milau,  U)th  of  whom  cume 
from  Italy  to  Cologne,  was  the  original  inventor ; 
in  both  oasea  the  secret  was  bequeathed  to 
their  successors,  that  of  Paul  de  Feminis  passing 
to  his  nephew,  Johann  Anton  Farina  :  there 
are  now  three  firms  bearing  the  name  Farina 
who  claim  to  possess  the  original  formula  and 
who  /.calou'^ly  guard  it.  The  gencrn!  nature  of 
the  preparation  of  £au  de  Cologne  is,  however, 
known,  altliough  details  of  the  preparation  may 
Ix*  lacking.  The  quality  of  the  spirit  used  is  of 
paramount  importance  :  only  the  mobt  highly 
purified  spirits  of  wine  may  be  used,  and  after 
the  perfume  is  prepared,  it  must  be  left  iot  * 
long  tune,  some  yean  if  possible,  to  matnie. 
The  firms  who  potiBcss  the  original  secret  con- 
tinue to  use  the  same  ingredients  and  are  not 
conoemed  with  synthetic  oils.  Other  perfnoMirs 
make  use  of  such  synthetic  oils  as  nerol  and 
bergamot,  with  those  of  roseiuary,  lemon, 
lavender,  and  petit-grain ;  the  composition  of 
eacli  Eau  de  Cologne  varies  conaidemUjr.  A 
typical  example  is  as  follows  : — 

aO^OOO  grama  spirit. 


soo      w  o'-fiTit'o 
SOOO       „        in  :1 
60       ,,  mus-k 
10  Vlanu-ylanL'  oil 
200  Infunion  benzoin 


100 
30 
100 

300 
300 
00 


ft 
*> 


ueroli  oil. 
rosemary  oiL 
Ifitoham  laveodsr  oB*' 

lemi'Ti  oil. 
„     bergamot  oiL 
M    petn  grain  oiL 
{See  Oils,  Esssnti^L;  Gildemeister  und  Hoft- 
I  mann.  Pie  Aetherischen  Oele,  lOlO*  Otto,  Les 
I  Parfums ;  Uann,  Die  Hoduna  Farhunone ; 
&c.)  I.  S. 

PERHYDROL.  Trade  name  for  a  solution  of 
hydroccn  i>eroXide  (7. v.). 

PUUCUliE  «.  FsLsran. 

PBRILLA  OIL.  PeriDa  oil  oooura  to  an 

extent  of  36-8  y.c.  in  the  nuUs  f  /'( riJJa  oc^moide^ 
(Linn.),  an  annual  labiate,  indigenous  to  the 
East  Indies  as  also  to  China  (Manchuria)  and 
Japan.  It  is  rxtensively  grown  in  China  and 
Japan,  and  i.s  al^o  cultivated  iu  the  Himalayas. 
Thr-  plant  is  sown  in  April,  blossoms  about  the 
end  of  September,  and  ripens  two  weeks  later. 
The  seed  is  known  iu  Japan  a.s  Ye-Goma,  or 
Se-no-abura.  For  the  physical  and  chemical 
oharaoteiistios,  see  taUea  under  Oils,  Fizsd, 
aimPATB. 

This  oil  hii«  tlio  highest  iodine  value  of  any 
known  fatty  oil,  and  simulates  linseed  oU  in 
taste  and  smell.   Endoavoun  have  been  made 
to  import  it  into  Bun^  as  a  substitute  for 
I  linseed  oil.  J.  L. 

PERMANGANATES  r.  Manoakbse. 
'      PERNA^IBUCO  WOOD      Braui.  Wood. 
I      PEROFSKITE  ot  PEROVSKHEc  TiTAJJitm. 
I      PERONIN.   Trade   name  for   the  hydro- 
I  ohlotide  of  moiplvine  benayl  ester,  used  as  a 
I  sedatiTe  {v.  S-nmnnc  dbvqs). 

PEROXOLS.  Trade  names  for  mixtures  of 
,  hydrogen  peroxide  containing  salicylic  acid. 
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PEROXOm 


Owbolio  acid,  3-naphthol,  thymol,  camphor, 
menthul,  Ac.     Used  (Li^^iaffdaiiU'*. 

?£R0XYOAS£S  v.  ii'ji&uxNXAiioii. 
raSSBlTOL  «.  CABvoHTOKAxaa. 

PERSIAN  BERHIES  aro  tho  scetl-beariug 
fruit  uf  various  species  of  Hhamnm,  growing 
wild  or  onltirated  in  Franoe,  Spabi,  Italy,  the 
T-rvnnt,  and  i'ertiia.  The  PtTbiau  berry  pn>.pi-r  is 
obtained  irom  R.  amyydalmua,  K.  oieotdea,  and 
M.  §ttxaiili»,  and  is  imported  Smyrna  and 
Aleppo.  Its  sixt!  ih  about  that  of  a  p^a,  c-  lmir 
yellowish-green,  surface  much  shriveiied,  nard, 
and  divisible  along  weU«marked  dejUMMsions 
iorming  a  cross,  into  iaax  parta»  aaoh  oontaining 
» triangular  seed  ;  its  taate  ia  inteoMly  bitter. 

Avignon  or  French  berries,  the  protluct  of 
Ji.  infectoriaa  (Lion.)  and  M.  AkUtrnm  iLmn.), 
am  nuaUBt  in  aise  than  tha  foregoing  and 
contain  only  t  wo  .secda. 

Spanish,  italiaa,  und  iiuugaiiun  berries  are 
respectively  the  products  of  if.  maatilU, 
injedoriui  (Lijuu),  and  R.  calfiartiai  (Linn). 
Tiieae  are  jdmilar  in  quality  to  tho  Avignon 
berries.  Other  qualities  omne  froni  the  HovMi 
Wallachia,  Mid  ikaeatabia. 

That  dl  of  tiieae  botanical  Tarieties  do  not 
contain  tixe  same  constituents  appears  certain 
from  the  work  of  Xaohiroh  and  J^olaooo  (Arch. 
Fham.  1900,  288,  460)  and  other  ohamista, 
on  the  R.  mthartica;  but,  on  the  other  hand, 
there  is  «very  reason  to  suppose  that  the  colour- 
ing constituents  of  the  botanieiil  group  to  which 
the  term  Persian  {)eriy  pcopei  IB  applied  ftCe 
identical  in  eucii  casu. 

Gelatly  (Edinburgh  Now.  PhiL  Jour.  7,  252) 
was  the  first  to  isolate  from  Persian  berries  ' 
(A  fffidorM  [Wald.  et  Kit.])  the  glucoside 
xanlhorfutimin  C45Hj,0,„  which  on  hydrolysis 
with  acid  gave  a  sugar  and  a  colouring  matter 
tkamsMUn.    HUsiwets  (Annalen,  112,  107)  con- 
sidered that  xanthorhamnin  was  identical  with  | 
quercitrin,  and  rhaiiuietm  with  quercetin,  but  j 
Sohiitzen burger  and  Bortiche  (BuU.  Soc.  Ind.  I 
Mulhou>f,  .'},"),         (iLiiifd  thi.s,  and  assigned  to 
rhamnetin  the  furmulrtC,2ll,i,U,.  Xanthorham- 
nin, which  Schutzenbergor(  J.  1868, 774)  termed  a- 1 
rhamn^gin  was  considered  to  jxtssess  the  formula 
C_,4H3,,(),4.    The  presence  of  a  second  glucoside, 
0-rliuiiui"jiii.  was  also  detected  by  this  chemist, 
and  from  this  by  hydrolvais  fi-rhaametin  was 
derived.   Uebermann  and  H6rmann  (Annslen, 
106,   ni3)   also  investigated   Persian  berries, 
dcvi«icd  a  methcKi  for  the  preparation  of  xantho- 
rliamnin  and  rhamnetin,  and  prepared  ▼axioas 
dorivativt:,-;  of  the  latter. 

It  is  uuvv  kuowa  tiiat  Persian  berries  contain 
the  glucosides  of  three  colouring  matters, 
namely  rhamnetin,  rhamnazin,  and  quercetin 
(Ebmg,  Monatsh.  6,  889;  9,  ^49;  12,  175; 
Perkin  and  Gddard,  CSiAm.  Soc.  Trans.  1806. 
07.  500). 

To  i8(date  these  substances  Persian  berries 

are  extracted  witli  b.iiling  waUT,  tho  solution 
treated  wnth  a  sni  dl  (luantitv  of  sulphurie  acid, 
and  digested  while  boiling  for  one  liour.  The 
glucosides  are  thu>i  hydroly.^exi  and  the  crude 
colouring  matterh  oeparaLc  in  the  form  of  a 
greenish-yellow  precipitate. 

The  pxodaot  is  extracted  witli  boiling 
alOfdid,  ^bich  dissolves  principally  the  i/uerctii/i, 
this  being  tho  most  solnitle  of  the  three  colouring 
matters.   The  residue  now  contains  rhamnetin 


and  rhamnazin,  and  the  latter  is  it^moved  irom 
the  former  by  two  or  three  exIxskCtions  with 
boiling  acetic  acid. 

Mumnttin  C,,U,2(k  cry.-.tal]iss8  in  yellow 
noodles  very  8p,iringly  soluble  in  acetic  acid 
and  aloohoL  U  dissolves  in  alkaline  solutions 
vdih  a  pede  yellow  coionr,  and  gi^es  with  alcoholic 
lead  acetate  an  orange-red  precipitate  ^^'Ken 
acetylated  it  forms  tdraacetyl  riuimvtlin 
C,,}1«0t(C,H,0)«  (liebermano  and  Hormaun), 
colourless  needles,  m.p.  183°- 185°,  and  OO 
bromination  dibromrhamneiin  is  produced. 

lihamneiin  aulphatt  C,gH,,0.,H,S04 (Perkin 
and  Pate,  Ghem.  8oc.  Trans.  1896,  67,  660), 
orange-red  needlesi,  and  monofcia89ivmrkamneim 
C,  JljjOjK  (Perkin  and  WiW.n.  ibid,  um,  83, 
13(i),  orange-yellow  needles,  have  been  prepared. 

Rhamnetin  is  in  reality  a  gnenetinnumo- 
virth.-/!  rthir  (Horzig,  I.e.),  for  on  iligesfi;  ii  ith 
Ijydnu  no  acid  it  is  converted  into  qu^uiin, 
and  when  methylated  with  methyl  iodide 
quercettiUtiramethyl  ether  is  prndnccd. 

By  the  action  of  boiling  potassium  hydroxide 
solution,  tjf  boiling  alcoholic  potash,  or  by  aspirat- 
ing air  through  its  alkaline  solution,  rhamn^in 
gives  profocofseAnic  aeid,  and  a  frjrmpy  |Movo- 
glucinol  derivative.  I'Ik  latter,  identified  by 
means  of  its  diazobeuzeuo  compound,  con- 
sists of  -phloroglucinol  moTwmelh'!^  tther  (Psrldn 
and  Alli  son,  Chem.  Soc.  Trans.  1902,  81,  ,701, 
and  consequently  the  constitution  of  rhamnetin 
ia  to  be  ezpreaaed  as  follows : 

OH 


CH,0 


ou 


Rhamnetin  is  a  strong  dyostufi,  and  ^ives  on 
mordanted  woollen  doth  aluides  which  axe 

practically  ideatical  witii  those  produced  1^ 

quercetin  : 

Chromium.      Alvmlmm,  Tin  Iron, 

Refl  Brown         Bright  Deep- 

brown,        orange.        orange.  olive. 
(Perkin  and  Wilkinson,  t^iV^  1902.  81,  590). 

Rhnmnazin  <''j-H,40-  (P.  and  f!.),  yellow 
needles,  m.p.  214"-21o',  is  moderattily  soluble 
in  boiling  toluene,  a  property  which  distinguisheti 
it  from  both  rhamnetin  and  quercetin.  It  dis- 
solves in  alkaline  liquids  to  form  orange-yellow 
solutions,  and  with  alcoholic  ferric  chkflids  gives 
an  olive-green  colouration. 

AeO^ rhaminazin  C,,H,,0.(C,H,0)„  oolonr- 
Icss  nee-lles.  li.nzn\,lrh(inin<izin  C,-ll,iOj(C,H,,(>)3 
colourless  needles,  m-p.  204'^-2O5%  and  di- 
bromorhamnaiin  G^Hi^RttOj,  yellow  needles 
have  been  prepared. 

Khamnazin  is  a  quercetin  cUmclUyl  ether. 
Digested  with  boOing  hydriodic  acid,  it  is  con- 
verted into  quercetin,  and  by  means  of  methyl 
iodide  into  quercetin  tetramethyl  ether.  Boiling 
alcoholic  potash  hydrolyses  rhamnazin  with 
formation  of  mnillie  aeid  and  phloroglvcinol 
monomethyl  eihrr  (Perkin  and  AIltRon,  I.e.),  It 
accordingly  poasesasa the oonsUtution  - 

CH3O I  ^  ^  --^  -  ^^O^^^^OB 
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Rbamnazin  dues  not  readily  dye  mortianted 
calico,  but  oo  mordantud  wool  given  shades 
resembling  thoee  whioh  an  pvodooed  by  kaeinp* 

VhriJiniiaH.     Aluminum.         Tin.  Iron. 
Gulden       Orange        Lemon  Olivo 
yellow.        yeUow.        yellow.  brown. 

Only  a  itiijaii  aoiount  of  thin  coluutiug  matter 
is  present  in  Persian  berries. 

Xaniliorham  iri  f  '^HjiOjo  >8  readily  prepared 
by  eJttracting  powdered  Persian  berries  with 
three  times  their  weight  of  boiling  85  p.c. 
alcohol.  On  standing  the  dark  brown  filtered 
extracl  depoiuts  a  large  quantity  uf  the  impure 
glucosidd  as  a  brown  resinous  mass.  From  the 
Buperoataat  liquid  on  gtanding  a  purer  xanthu- 
rhamniii  tepamtes  in  the  fonn  of  pale  yellow 
Ciiuliflower-likc  precipitate,  and  in  siicli  quantity 
as  to  congeal  the  whole  liquid  to  a  stiti  paste. 
This  is  ooUeoted,  repeatedly  crystcdliHed  from 
alcohol,  and  finally  from  alcohol  cunt  jinirn'  a 
little  water  and  ether  (Laebermann  and  Hormann, 
Lc). 

Xanthorhamuin  consi-stb  of  pale- ycUowneedl^s 
readily  »ulublo  in  water  and  hot  alctjhol,  soluble 
in  alkaline  solutions  with  a  yellow  colour. 
With  baflio  lead  acetate  it  ^vee  an  oraugo 
precipitate.  Aooovding  to  the  irork  of  Lieber- 
luann  and  Horuiann,  xanthorhamnin,  when 
h^^dxd^aed  with  aoiU,  giTes  rhamnetin  and 

C4tH„0„ +5H,O-40,H,4O, +Ci,H„0,. 

More  recently,  however,  xanthorhamnin  has 
been  shown  to  posiHjjis  the  formula  Cg4U4jOjo» 
and  that  by  means  of  its  specific  ferment 
rhamninast,  contained  by  Pendaa  bexries,  it  is 
hydrolysed  with  formation  of  rhamnetin  and  a 
complex  sugar  rhamninoae  Cj^H^O,* 

C„H„0,  Tt,0=C„Hi,0,+C,»H„Oi,. 

When  rhainniuose  \s  digested  with  boiling  dilute 
acids,  it  is  Con  verted  intu  2  moleciUes  of  rAajnwwe, 
and  1  mole^  nl  '  i  f  gnlicto.^n  (Q,  and  G.  Tauetf 
(jompt.  rend.  IttUU,  129,  725) 

CmHmO„+4H,0-CH„0«+SC,H,40,. 

No  glucosidea  of  rhaninazin  or  quercetin 
hare  been  isolated  as  yet  from  Persian  berries, 
^nie  aetioo  of  the  ferment  rharaninase  is  readily 
demonstrated.  If  cnished  Per.sian  berries 
contained  in  a  mutdiu  h&g,  are  sutipeuded  in 
water  heated  to  40",  a  yellow  solution  con- 
taining the  glucosides  is  produced  ;  this  quickly 
becomes  opaque  and  a  hcavj'  precipitate  of  the 
mixed  colouring  matters  i.s  eventually  produced. 
To  irithin  leoent  y«un  this  reaction  waa  oanied 
out  on  a  oommeraal  aoale,  and  the  produet  waa 
placed  on  the  market  under  the  name  of  *  rluimn6- 
tine.'  This  reaction  can  bo  employed  to  dis- 
tinguish between  the  dyeing  properties  of  the 
^'luooHides  (XJntained  in  the  berriei^,  and  the  free 
colouring  matters  produced  by  their  hydrolysis. 
Thus  if  Persian  berries  be  added  to  a  cold  dye- 
bath,  and  this  is  sluwly  heated  to  Ijoilin^,  the 
glucosides  are  hydrolysed  by  tlvo  ferment;  but 
if,  on  the  other  hand,  the  I>errie8  bo  at  once 


plunged  into  boiiinK  water,  the  ferment  is 
killed  and  a  solution  the  glnooddes  is  obtained. 
In  the  former  ease  wool  mordanted  with  tin 
givea  an  orange-red  shade,  whereaa  in  the  latter 
a  pnse  yellow  ooloar  is  prodneed. 

Begfond  the  oidiniuy  extxaot  of  Persian 


berries  whioh  is  prepared  m  iar^o  quantity  by 
extracting  the  wmm  with  boUmg  water, 'and 

evaporating  the  solution  under  reduced  pres- 
'  sure,  uo  Bpecud  oominercial  preparations  uio 
I  manufactured  at  the  present  time. 
•      fhjdng  propcriies. — In  wool  dyeing  Persian 
;  berries  are  little  employed  on  account  of  their 
expensive  nature ;  moreover,  they  poaseBa  no 
I  special  advantage  over  quercitron  bark  and  old 
fustic.    Persian  berries,  as  a  rule,  give  redder 
ahadcs  than  quereitron  bark,  a  fact  wWch  is  io 
be  explained  aa  due  to  the  hydrolybis  of  it« 
glneoildes  by  the  ferment.  The  quercitrin  of 
qu(  r.  itr  m  bark  is  not  accompanied  b}  such  a 
I  spcciiic  ferment,  and  consequently  the  simdc*. 
!  given  by  this  dyestuff  are  of  a  yellower  character, 
i  With  tin  mordant  Persian  berries  give  bright 
,  yellows  and  oraiigo*»,  which  are  only  fairly  fast  to 
light;  but  according  to  Hummel,  the  yellow  iah- 
olive  produced  with  copper  mordant  is  extremely 
fast,  and  is  darkened  rather  than  oUierwise  by 
exposure.    Pert^ian  berries  are  8till  used  to  a 
considerable  extent  in  calico-printing  for  the 
formation  of  yellow,  orange,  and  green  shades. 

A.  G.  P. 

PERSIAN    GREEN.       Emerald   green  v. 

PlO.MKNTS. 

PERSIAN  BBD.     Bam  kad  ehromaic  v. 

Chromium. 

PERSIMMON,  the  fruit  of  Diospijros  tirginiana 
(Linn.),  much  cultivated  in  Japan,  and  now  in 
I  California  and  other  warm  eonntriea.  When 
freshly  gathered,  the  fruit  bis  a  very  a.stringent 
taste,"  which  it  loses  on  keeping,  especially  if 
exposed  to  a  low  temperatare. 

K&dg  ^VCB  as  its  average  compositiol^ 
invert  Caue     utber  N- 
Water  Protein  sugar  s<u«ar  (tee  extract  Fibre  Ash 
061      0-8     13-5    i-0       160        1-8  09 
Tannin  is  abundant  in  the  freshly  gatheted 
fruit,  but  on  storage  is  deposited  in  an  insoluble 
form,  in  certain  specialised  cells  (Bigelow,  Gore 
and  Howard,  J.  Amer.  Cham.  8oe.  I1I06, 28, 688). 

TT  T. 

PEBSULPUURICACIDandPERSULPUAIES 

PERTHITE  r  Fel.si'ab. 
PERU  BALSAM  v.  Bausams. 
PERUVIAN  BARK  v.  \  BaETO- alkaloids. 
PERYLENE  (peri-dinaphthylene).   A  hydro- 
carbon CsoHi,  obtained  by  heating  either 
naphthalene,  or  1  :  i'-dinaphthyl  with  ahiminuim 
chbride ;  or  by  heating  1 :  S-dl-iodonaphihalene 
with  finely  dfivided  ooppor.    Glistening  yellow 
(■rv.stiilline    leuflets,    ni.p.   264°-265''.  formin.i; 
ellow  to  reddiBh-yeiiow  solutions  witli  a  blue 
luoi«scenoe  (SoholJ.  Seer  and  WeitnnbSck,  Ber. 
1910,  43.  2202). 

PETALITE.   A  lithium  aluminium  nlicate 
;  LiAl(8i,0.)t  containing  4-9   p.c  Utbia,  and 
much  resembling  spodumene  [LiAl{SiOa)i]  m 
I  appearance.    It  usually  forms  platy,  deaww 
I  masses  (hence  the  name,  from  ir#TaAo»,  a  leaf) 
I  of  a  white,  grey,  or  pinkish  colour  and  wuh  a 
I  vitreous  lustre  ;  sp-gr.  2-4  (that  of  spodumene 
I  beinj;  n  iT)).    It  is  ii)und,  together  with  other 
Uthium-bcaring  minerals  (lepidolite,  tourmaline, 
and  spodumene),  in  an  iron  mine  on  the  island 
of  Uto  near  Stockholm,  where  it  has  been  mined 
'  as  a  (K»urre  of  lithium  salts.    It  was  in  this 
:  mineral  that  lithium  was  discovered  by  J.  A. 
i  All vedson  in  1817.   Other  localities  are  Peru  in 


lit 
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Maine,  and  Bolton  in  UwMadiiiietta.   A  culour- 

leas,  glassy  variety,  kiiuwu  as  castorile.  i  t mnd 
in  the  granite  of  the  island  of  Elba.    L.  J.  {5. 

PETIT-GRAIN  OIL  v.  OiLB.  xwxKTUi. 

PETROFRACTEUR.  An  cxploMv  resem- 
bling kinetiU  (v.  KxPLobiviis)  iu  composition,  but 
differing  apeoiaJly  in  that  it  contains  no  gun- 
cotton.  Is  said  to  congibt  of  a  mixture  of  lU 
p.a  nitrobenzene,  (iT  p.c.  potAs.siuiii  chlorate,  20 
p.c  potassium  nitrate,  and  3  p.c.  antimony 
pentasulphide  {v,  Watson  Smith,  J.  boo.  Cham. 
Iiui  1887.  fi). 

mBOLIUM. 


AVEBICAK 

L  Occurrenee. 
Three  closely-relatod   raw   materiaJsi,  ail 
belonging  to  tha  elus  of  bitumens,  have  been  I 

noted  as  ocrurring  associated  together,  some- 
times as  diistiuct  occurtouoes,  sometimes  in 
complete  physical  admixture,  viz.  natural  gas,  I 
liquid  petroleom,  and  ozokerite  or  nattirnl 
paraflfat   To  theiBO  three  must  be  added,  in 
contiidenng  the  American  production,  a  fourth 
variety  of  bitumen,  asphalt,  for  we  have  learned 
to  speak  of  petrcdeams  with  a  paraffin  base  ' 
and  petroleums  with  an  asphaltic  base,  fiom 
which  latter  variety  much  true  asphalt  can  be  , 
and  it  now  industrially  obtained  I 

Leaving    this    di.siinction    between  native 
petroleum^  to  be  roferred  to  more  fully  in 
speaking  of  the  ultimate  piodtMto  and  utilisa- 
Uona,  we  will  note  the  present  proclut  tiun  of 
ontda  peferolenms  in  America,    i  lie  pioducing  i 
fields  are  now  commonly  gruu])ed  under  eight 
heads :  (a)  the  Appalaoluan  field,  (6)  the  Lima- 
Indiuia  field,  (e)  the  Illinois  field,  (d)  the  Mid  I 
continent  field,   (r)   the  Gulf  field.   (/)  the 
California  field,  (f/>  other  tields  of  the  United] 
States,  (h)  Canadian  field. 

The  Appalmhian  field.  Under  this  head  is 
now  included  the  production  of  Pennsvhania, 
New  York,  Eastern  Obio,  Weet  V  irginia, 
Kentucky  and  Tennessee,  which  Rtatcs  lie  alone 
the  Appalachian  range.  Iu  general,  the  oil  is  | 
what  lb  known  as  '  Pennsylvania  '  grade,  and  | 
commands  a  hkher  price  than  any  other. 
Thia  is  because  it  oontains  a  paraffin  base,  is 
prncticaUy  free  from  sulphur  compounds,  and, 
in  consequence,  is  more  readily  refined  and  yields 
»  higher  percentage  of  valuable  products.  In 
certain  parts  <if  this  field  very  valuable  natut  il 
lubricating  oik  are  obtained,  and  in  some 
amorphous  paraffin  separates  out  in  the  tanks 
used  lor  storage  of  the  crude  oil  and  in  the  pipe- 
lines. Because  this  petroleum  is  so  largely 
nuuie  up  of  the  paraffin  series  of  hydrtvcarbons, 
it  is  easily  refined  by  acid  treatment  and  yields 
the  largest  proportion  of  gasoline  and  burning 
oiL  It  is  true  that  the  Kentucky  and  Tennessee 
oils  arc  not  quite  equal  to  the  Pennsylvania 
grade,  but  they  are  neverthelees  of  the  same 
paraffin-bivse  cla-ss  ..f  <<ih.  Of  the  states  com- 
prising the  Ajppalacluau  tieid.  West  Virginia 
now  leads,  with  Pennsylvania  second,  and 
80Uth*eastern  Ohio  third.  '  In  general  this  grade 
of  orade  ofl  is  gathered  by  the  pipe-lincH  under 
eollcetivc  niinuis  of  Bradford  crude  in  the 
northern  part,  Middle-District  crude  for  the 
oentral,  and  Sonth-Westem  erode  for  the  West 
Virt^inia  and  South-E  i-k  rn  Ohio  oil. 

The  Lima- Indiana  Jidd,   This  takes  its  name 


primarily  frtiui  the  lo^n  of  Luna  m  >ioiiiier» 
Ohio  where  this  class  ol-flil  ■iv  as  lirst  produced. 
It  does  not  oome  from  a  sandstone  formation 
as  in  the  case  of  the  Appalachian  oil,  but  from 
what  Ls  known  Keolo^ncaiiy  as  the  'J'reuton  liinu- 
stoao»  iu  which  alteration  of  the  dolomitic 
limestone  has  left  porosity  snffioient  for  oon- 
siderablo  oil  accumulations.  This  oil,  as  that 
from  the  neighbourmg  state  of  Indiana,  is 
sulphur  containing,  and  therefore  more  difficult 
and  e.\j)cnj<ivo  to  refine.  It,  however,  cnntaina 
a  paraUiu  base,  and  is  now  made  to  yield  products 
nearly  or  quite  equal  to  those  obtained  from 
Pennaylvanla  oiL 

T\«  IlUnois  field.  This  is  of  relatively 
recent  development,  only  hai  iiiL'  begun  to 
produce  actively  in  IdW,  but  in  liM/9,  it  ranked 
tlurd  in  amount  of  produotion,  being  exceeded 
only  by  California  and  the  mid-continent  field-^s. 
it  now  exceedo  tiio  entire  Appalachian  field  in 
its  production. 

The  oil  is  in  the  main  found  in  the  sandstone 
formation,  and  hence  is  geologically  ditlerent 
from  the  Lima-Indiana  oil,  and  contains  less 
sulphur.  It  is  also  a  paraffin-base  oil,  and  as 
far  as  examined  chemically  it  seems  to  stand 
intermediate  between  the  PSnnaylvania  oils  and 
the  Lima-Indiana  oiL 

Mid-XfonHneni  fidd.  The  area  included  in 
this  field  consists  of  fininhcrn  KansaK,  the  oil 
deposits  of  the  new  state  of  Oklahoma  (formerly 
Indian  territory),  and  northern  Texas.  This 
field  is  also  of  oomparati  \  cK  recent  development, 
having  developed  from  lests  than  ona  million 
barrels  in  1902  to  about  fifty  million  barrels 
in  1909,  and  53,500,000  barreb  in  1910,  so  that 
it  is  only  exceeded  in  production  at  present  by 
the  t'alifornia  field.  By  far  the  largest  amount 
of  the  oil  is  produced  in  Oklahoma,  Kansas 
coming  second.  Hie  oil  is  most  generally  ti  a 
8ome\vhat  a.sjihaltic  base,  although  paraflin- 
cuntaining  oil  is  obtained  from  part  of  the  field. 
Very  much  of  the  oil  from  this  field  is  now  used 
as  fuel  oil  and  has  been  extensively  introduced  in 
place  of  cuol,  so  that  the  production  of  the  latter 
has  fallen  off  in  several  of  the  states  supplied 
by  pipe-line  from  the  Oklahoma  oil  regions. 

The  Ovlf  field.  This  includes  the  oU  fields 
of  Louisiana  and  coastal  Texas.  In  tliis  field, 
the  accumulation  of  petroleum  is  determine 
by  a  type  uf  geologic  stmotute  which  is  unique. 
The  oU  occurs  in  recent  rocks  and  these  forma- 
tions are  characterised  by  flat  or  gently  sloping 
strata,  in  which  ooour  peculiar  domes.  Tnese 
latter  arc  perhaps  uplifts,  perhaps  due  to  sub- 
terranean crystalltbatiuu  of  bait,  gypsum  and 
limestone,  which  may  liavo  elevated  the  strata 
above  them  so  as  to  form  these  characteristic 
domes  or  '  mounds,'  as  they  arc  called.  Drilling 
on  the  top  or  sides  of  t  hcse  mounds  has  frequently- 
developed,  as  at  Spindle-Top,  large  oil  gushers 
associated  with  salt  water.  Most  of  the  Tens 
oU  is  mainly  valuable  for  fuel  oil,  liecause  of 
the  low  percentage  of  burning-oil  fraction 
obtainable  and  the  presence  of  heavy  hydro- 
carb"n>.  It,  moreover,  is  largely  of  an  asphaltic 
base,  and  therefore  the  residuums  from  Texas 
oils  have  been  of  especial  value  for  fluxing  the 
hard  asphalt^.  The  Beaumont  oil  is  one  of  the 
strongest  iu  huiphur  of  .American  petroleums 
and  the  sidphur  compounds  are  of  an  unstable 
oharacter  so  that  free  sulphur  at  times  deposits 
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f  nuu  them,  as  was  first  established  by  Richard- 
son, and  in  their  distiUatum  mnok  hydrogen 
sulphide  is  liberated. 

The  Calif omia  field.  This  field,  since  1909, 
has  become*  the  first  in  amount  of  production, 
having  furnished  in  that  year  the  enormous 
vidd  of  08,250,300  twndfl,  and  in  1910  the  still 
iMflVr  production  of  nearly  78,000,000  barrels.  ' 

xhe  California  production  is  moreover 
pntfltioany  all  obtained  from  four  or  five 
conticnoa';  counties  in  southern  California, 
partly  coastal  and  partly  forrains  the  valleys 
MtWMn  the  SisRM  mod  the  Coast  Range. 
Kern  and  Fresno  counties,  which  lie  inland, 
are  at  present  the  most  prolific  sections,  the  noted 
Coalinija  dopDsit  bcint;  in  the  latter  county, 
while  Santa  Barbara,  Ventura,  and  Los  Angeles 
oonntMS,  wUoh  «n  ooastal  oonnties,  are  next  in 
importance.  The  California  oil  h-tu'I^  liave  been 
found  to  be  of  much  greater  thickne&s  than 
those  of  eastern  fields.  In  some  in.stances 
1100  feet  of  oil  sand  has  been  encountered  in  a 
well  and  in  hundreds  of  wells  from  200  to  500 
feet  of  sand  are  found.  This  insures  a  long  life 
to  the  individual  wells.  While  there  is  some 
variation  in  the  California  oils,  they,  are  in 
Ceneral  distinguished  by  two  charact«ri-<tic.s : 
they  almost  aU  contain  nitrogen,  indicating  in 
pait  at  least  an  animal  origin,  and  they  etmiain 
ail  asphaltic  rather  thn n  a  p  >  ra fTl  n  base.  Indeed, 
tluBy  ace  found  associated  with  solbl  asphalt 
depodts  and  muoh  of  the  re.'^iduum  from  Cali- 
fornia oil  is  used  as  asphaltic  flux  and  for  the 
manufacture  of  artificial  asphalt.  Much  of  the 
Oalifomia  oil  is  used  as  fuel  oil,  and  enormous 
quantities  ace  taken  for  this  purpose  by  the 
railroads  and  steamship  lines. 

Other  frU^  of  the  UnU''d  SlnieM.  Only  two 
additional  states  require  special  mention  in 
this  oonneotion,  Colorado  and  Wyoming. 
Golovado  for  a  nnmber  of  years  has  produced 
a  nkoderate  amount  of  an  oil  with  a  parafiin 
base  and  free  from  sulphur,  theproduction  being 
centr<^d  in  two  localities,  Flnrence  and  Boulder. 
Wyoming  produces  an  oil,  al-^o  free  from  sulphur, 
and  espeeiallj  characterised  by  the  excellent 
quality  of  the  lubricating  fraction  so  that  it 
has  commanded  a  special  price. 

IT.  Physical  and  Chemical  Properties. 
The  petroleoniB  of  North  America  as  now- 
known  differ  very  widely  in  both  physical  and 
chemical  character.'*.  Winn  the  American 
petfoleum  itidustry  began  in  1861,  and  for  many 
years  thereafter,  the  oil  that  was  refined  and 
'marketed  was  Penn.sylvan»a  crude,  or  as  it  is 
now  calle<l.  il  ichian  oil.  Tliis.  already 
stAte<l.  is  relatively  easily  refiucd  and  vields  a 
largo  nerconta^o  of  excellent  quality  ^ming 
oil  ana  piraffiu.  and  is  substantially  free  from 
sulphur  and  nitrogen.  Later  the  Lima,  Ohio 
oil,  and  the  Oaiutdian  oils  were  disooveted. 
which  contained  a  smaller  percentage  of  illnmi- 
nants  and  notable  amounts  of  sulphur  oompoumis 
and  requirerl  a  special  anil  more  expensive 
refining  treatment.  They,  however,  contained 
a  piraffiri  base.  The  Oalifomia  oil.  however, 
was  of  ut'taMv  diffiTi-iit  tvpc.  much  of  it  wan 
very  heavy,  some  being  found  of  a  density  as 
low  as  12*B.,  and  it  yielded  very  little  illnmmat- 
injr  "il.  ^vas  sf)on  found  to  contain,  in 
addition  to  sulphur,  organic  nitrogen  com- 


pounds, and  the  hydrocarbons  ^sent  wre  not 
of  the  paraffin  series,  ^diich  were  so  characterLst  ic 
of  Pennsylvania  oil,  but  heavy  asphaltic  oils 
which,  on  concentration,  yielded  solid  asphalt 
material. 

The  Texas  oil,  which  next  appeased*  seems 
in  lar^e  degree  to  be  intenlieittate  between 

tlie^e  types,  and  while  yielding  some  paraflRn 
contains  also  much  asphaltic  base.  It  is  also 
specially  characterised  in  some  localities  by 
an  abundance  of  loosely-combined  and  even 
fr«e  sulphur.  The  Illinois  field,  as  already 
stated,  is  more  an  approximation  to  the  Appala- 
chian field,  yielding  a  paraffin-base  oil,  altnougb 
with  more  sulphur  than  Pennsylvania  oil, 
while  the  Mid-Continent  fieUi.  on  the  other  hand, 
yields  predominantly  an  asphaltic-base  oil, 
although  yielding  paraffin  in  many  oases. 

The  crude  petroleums  vary  in  colour  and 
gravity  from  the  dense  California  oils,  which  are 
almo!<t  black,  to  the  light  crudes,  of  51*B.  in 
p  irf  s  of  the  Appalachian  field,  which  are  greenish 
in  bulk  and  reddish-brown  by  transmitted  light, 
or  exceptionally  yellow  or  amber  in  colour. 

Scientific  stucly  of  American  petroleums  has 
been  made  chiefly  by  Warren,  C.  P.  Mabery, 
''litTord  Richardson,  and  Yonnc. 

Bosi4ps  the  saturated  paraffin  series 

^»IIt...i» 

which  constitutes  the  bulk  of  the  PennsylTania 

oil.  UTi.-^aturatcil  open-chain  hydrocarbons,  pro- 
bably of  the  series  C.H,„  are  found.  The  well- 
known  aromatic  series  C.H,,  ,  ako  occurs  in 
many  of  the  paraffin-baae  oils  of  Pennsylvania 
and  Ohio,  ana  in  the  asphaltio  oQ  <rf  CShufomia* 
but  not,  so  far  as  known,  in  the  oil  or 

the  Texas  oils. 

Saturated    hydroearbons   of   <lie  series 
C„H,.  ,  and  C  Tf,.,  ,  (therefore  cyclic  and  not 
i  open-chain  hytirocarbons)  have  been  recognise<l 
j  by  both  Mabery  and  Richardson  aa  present  in 
the  heavier  fractions  of  many  oils  both  of  the 
'  Pennsylvania  and  the  California  tvpe. 

Unsaturated  cyclic  h\'drocarbong  of  hit;h 
raoleottlar  weight  are  found  to  be  the  character- 
iittio  constituents  of  asphalt-base  oils  like  those 
of  California. 

The  Kulphur  compounds  of  the  Lima  and 
the  Canadian  oils  are  now  believed  by  Mal)eiy 
to  be  cyclic  in  character  and  polymethylene 
ilerivatives.  He  terms  them  thiophaucs.  The 
nitrogen  compounds  of  the  Cslifomia  oils  are 
basic  bodies,  and  are  supposed  to  be  pyridine 
and  quinoline  derivatives. 

Phenolic  bodies  have  al.so  been  recocTiised 
in  the  California  petroleums,  and  have  been 
extracted  in  erystallhie  form  by  Riohardson. 

III.  Production  and  Transportation  of  the  Crude 

The  oil  comes  from  depths  which  vary 
within  very  wide  limits  according  to  the  geo- 
logical formations,  from  the  heavy  oil  strata 
of  West  Virginia  and  Ohio,  which  are  from 
50  to  60  feet  deep,  to  the  prodaeing  starata 
of  the  Washington  Co.,  l^nsylvania  dis- 
trict, which  are  from  2400  to  ^  Vin  foet  in 
depth,  and  to  some  of  the  California  wells, 
!  where,  as  in  the  Santa  Ifaria  diatnct.  \ve\\n 
have  been  drilled  to  a  depth  of  over  4000  feet. 
Many    wells,   particularly    in  newly-openeil 
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territory,  where  the  original  gas 
not  beet)  lost,  arc  flowing  well».  known  MDBMMig 
oilmen  aa  '  gushers.*  Tliis  yield,  however,  is 
n<  vir  Imiil;  maintaint-d.  and  df'<liu(s  rapidly 
until  pumping  booomes  necessary  in  order  to  j  Canadian  fields  in  order  to  shatter  the  oil*0Aiiid 
maiiitoin  tne  prodnotion  of  oil.  ^The  Amerieftti  |  and  open  up  oommitnioation  with  mw  porttons 
t>il  woIIh  have  in  gonoral  never  equalled  the   of  the  spongy  and  oil-sat  united  stntuni.  The 


several  stmta  penoteated  (Chew  on  FBtnleoai, 

p.  192). 

'Torpedoes,'  or  charttes  of  nitro -glycerin, 

have  ln'i  ri  used  ii\  the  Pennsylvania  ami  th* 


prolific  vieM  of  some  of  the  Baku  oil-fountains. 
The  bulk  of  t  he  j)rr)daotion  in  the  American  fields 
is  i>n\v  oht  lin.  <1  as  the  result  of  systematic 
puinpuiji.     I'here  are  exceptionM,  liowever,  to 

this  rule.  The  famous 
Lake  •  view  jaubiex  in 
Rem  Go..  Cblifontia,  bas 
probably       not  l)een 


charge  in  the  former  locality  often  ri»es  to 
80  or  even  100  quarts  of  nitroglycerin,  and  in 
the  Canadian  field  to  the  tenth  part  of  this 
amount.  The  main  torjxdo  is  fire<l  by  the  use 
of  a  miniature  toriK-<lo  or  '  nquib '  which  is  run 
down  in  contact  with  the  other,  and  tlMn 
fired  by  dropping  a  weight  upon  it. 

The  transportation  of  eriule  ,oil  fn»ni  the 


equalled  in  the  history  ,  wells,  which  are  often  in  isolated  positions,  to 
ox  the  petvoleam  indostiy  i  centrally  located  storage  tanks,  and  from  the 


of  the  world.  It  was 
brought  in.  in  March. 
1910.  at  a  rate  estimated 
at  10.000  l«rrels  a  day. 
later  incn^asing  its  ca- 
pacity to  about  30.000 
barrels. 
pUcmI 


jxiints  of  ])ro'luef ion  to  the  refineries,  is  now 
effit'ttMl  almost  exclusively  by  means  of  pipe- 
lines. And  as  it  was  found  more  convenient  to 
locate  the  great  refineries  on  the  Atlantic  sea- 
board, or  in  largo  manufueturini:  centres,  tlic 

?ip«*-lines  \v(  re  in  time  cxten(lc<l  so  that  New 
brk,  Philadelphia,  Baltimore,  Fittsburs»QeTe> 
to    its    orcdit  •  land,  and  Bnmlo  are  all  oonneoted  now  with 


<M».(M>0  b'lrrels  durint;  a  the  oil-producintr  regions  of  Pennsylvania  and 
single  day.  After  about  .  New  York  by  long  lines  of  pipe.  These  great 
nine  months  of  steady  '  tmnk  lines.  6  inches  in  diameter,  thus  traverse 

flnwiiitr  it  collapsed,  as  a    nearly  the  \vlioI(»  length  of  the  two  great  States 

of  New  York  and  Pennsylvania,  and  deliver 
thotuaqds  of  barrels  of  oil  daily  to  refineries 
on  the  route  and  at  their  di£ferent  termini  on 
the  seaboard.  The  six  great  lines  referred  to 
as  running  to  the  main  retiniuL'  eentn's  are 


result  ot  salt  wat<»r  break 
ing  into  the  oil  sand. 
During  its  career,  it  was 
estimated  to  have  pro- 
ductnl     over  8,000,O(X) 


barrels  of  oil,  or  more  { owned  by  the  National  Transit  Comraay,  an 


than  one-tenth  of  the 

total  output  of  the  state. 

The  oil  comes  usually 
from  well-defined  strata 

of  eonLdonicrati'.  <>r  '  sand- 
rocks.'  which  arc  sej>arate<i 
by  slate  or  shale  rock. 


organisation  closely  connected  with  the  Standard 

Oil  Trust.  The  \i  w  York  division  consists  of 
two  fi-ineh  pijM'-liiies.  extending  from  Olean, 
N.Y..  to  Bayonne,  N.J.,  and  Hunter's  Point, 
X.V..  312-<»  miles  in  length,  with  f-leven  ptinipine 
station.s  for  this  disUince.  and  has  a  cajweity  of 
28,000  l)am-ls  ]M't  diem.  The  pipes  are  buried 
These  'oil-sands  '  occur  I  at  a  depth  of  two  or  three  feet,  and  follow  the 
frequently  in  groups  of  general  contonr  of  the  country  through  which 
thn-e,  as  the  Venanuo  the\  j>as>.  'J'lic  pump?-.  L'cncrailv  of  the 
first,  seoond,  and  third  ,  VVorthington  pattern,  arc  po«x<rful  machines, 
sands ;  the  Warren  sands ;  i  and,  in  order  to  force  the  oil  such  great  distances 
and  the  Bradford  sands,    against  the  fricfin!>  of  the  pipes.  c:>rr\  a  pressure 

of  from  1200  to  I'tiH)  lljs.  to  the  Hquare  inch. 
The  iripss  on  the  main  line  are  all  tested  to  a 
pressure  of  2000  lbs.  to  the  square  inch.  The 
storage  tanks,  of  which  there  are  two  or  more 
at  ea(;h  st  atioit,  are  built  of  boiler-iron*  and  hold 


These  Hands  occur  at  in- 
tervals as  we  fjo  deeper, 
becinning  with  the  newest 
geologically,  and  going 
down  to  the  ohh-r  groups. 


It  may  happen,  too,  that  i  36,000  barrels  each. 


In  1905.  immeJiat^dy  u(M>n  the  discovery  of 

the  Mid-Continci.t  tidd".  the  Stamlard  Oil  Co. 
pudhed  iU  pipe  lines  suuth-westerl^'  550  miles 
into  Kansas  and  Oklahoma,  and,  as  this  did  not 

relieve  the  areat  production  of  this  field,  in 
IH09  great  trunk  lines  w<  r<'  run  fn>m  the  Okla- 
homa field  .'iOO  miles  south-eisterly  to  Baton 
Rouge,  Louisiana,  where  the  oil  was  either 
refined  or  shippe*!  by  T^-nter  to  all  desired  points. 
The  iww  TlliiMii<  til  I<!  w.is  similarly  <lrainc<l  I)V 
of  oil  in  several  sand  rocks  of  the  same  geo-  i  pipe-lines  northward  to  Chicago  and  westward 


m  a  particular  locality 

the  U])p'r  sand  of  a  group 
yields  the  oil  (hi  which 
case  it  is  likely  to  be  of 
a  heavier  character),  and 
in  another  locality  this 
sand  may  be  barren, 
while  oil  in  yieldetl  by  a 
lower  one.  It  is  rare,  how- 
ever, to  find  an  abundance 


logical  group. 

Tins  article  will  not  allow  of  i  (iifailcfl 
•lescription  of  the  extremely  ingenious  a]*paiatuH 
now  used  in  boring  the  American  oil-wells,  and 
in  fitting  them  for  the  production  of  oil.  The 
accompanying  illustration  gives  a  .se(;tional 
view  of  the  driUrog  of  such  a  well,  and  the 


to  the  Mississippi.   Many  large  refineries  were 

l)uilt  in  the  (  ctitral  \V<  t  and  along  the  Oulf  to 
work  uji  as  much  as  povsil.jc  of  this  oil,  C-ali- 
fonua  has  thn"c  8-iiich  trunk  pipe-lines  carrying 
till- oil  from  the  ]>ro<lur  ini;  localities  t o  tide-tt'Bter 
on  San  Francisco  bay  and  el.sewhcre. 

The  foreign  exportation  is  chiefly  of  fefined 
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oil  an«i  other  products.  A  cousiderable  quantity 
of  crude  petroleum,  however,  is  exported  from 
ttaiB  United  States  to  Franoe  to  be  xefined  there, 
tlM  nendi  duty  on  the  nflned  <rfl  enoimragtng 
tbe  home  refining. 

The  shipmcot  of  lefiued  oil  for  the  Far  East 
is  chiefly  in  oaiw  of  tin,  two  of  which  latter, 
holding  five  gallons  American,  or  nrarly  four 
imperial  gallons  each,  are  packed  together  iu  a 
wooden  oaao.  These  oaa^  go  to  China,  Japan, 
and  warm  climates,  as  the  loss  by  leakage  is  lees 
than  when  the  barrel  is  used.  The  shipment  of 
oil  in  bulk  for  fho  voyago  across  the  Atlantic 
to  Europe  ia  now  oarri^  on  most  lai;gehr  in 
taak  steamera,  and  qnite  a  fleet  mn  from 


Philr 


ia  and  Now  York  to  Enrrlish  and 


Cl'-rman  ports.  The  most  important  feature  of 
their  construction  is  the  provision  of  auxiliary 
tanks  above  the  level  of  the  main  storage  tanks 
and  in  communication  with  them.  The  storage 
tanks  can  thus  always  bo  kept  full  of  oil,  the 
aanliary  tanks  serving  to  hold  the  surplus  when 
the  storage  tanks  become  heated  and  supplying 
the  defioienoy  when  contraction  takes  pteoe. 

IV.  PncMses  of  Refining  and  Manufacture. 

As  petroloum  has  been  shown  to  be  a  mixture 
of  hydrocarbons  of  different  volatility,  the  first 
operation  would  naturally  be  to  effect  a  partial 
separation  of  these  hydrocarbons  by  a  process 
of  fractional  distillation.  But,  in  fact,  simpler 
lines  of  treatment  won-  first  tried.  It  was  found 
that  crude  oils  spread  out  over  warm  water  in 
tanks  and  exposed  to  the  sun  were  nraeh  im- 
proved  in  gravity  and  con.<ii?itcnoy.  Tlii.n 
process  was  chiefly  emi^ycd  for  the  production 
of  Ivbricating  oils',  and  tm  pcoduote  were  called 
*  sunned  oils.'  This  was  followed  by  the 
application  of  methods  of  partial  evaporation 
or  concentration  in  stills,  either  by  direct 
application  of  heat  or  by  the  use  of  steam^ooils, 
oarefully  avoiding  over<heating.  The  products 
were  called  '  reduced  oils,*  and  form  the  best 
material  for  the  manufacture  of  high-grade 
Infarioating  oils.  They  will  be  referred  to  again. 
The  proees-^  to  v/hich  the  great  bulk  of  crude 
petroluum  -  s  ilimitted,  however,  is  that  of 
fractional  <li-  11  *t  ion.  continued  to  the  eventual 
coking  of  the  residue.  As  the  most  valuable  of 
the  several  diiitillates  is  that  which  is  to  be  used 
as  illuminating  oil,  the  percentage  of  that 
distillate  obtainable  is  an  important  item  in  an 
oil  refln^.  A  normally  oondueted  fraeticmal 
distillation  of  PennR\lvanIa  ])efroleum 
gi  ve  f  rom  35  to  50  p.c  of  oil  suita ble  f or  il  1  u  i n  i  i  ui  t  - 
ing  purposes,  and  from  20  to  30pi.e.  of  lubricat  in  a 
oils.  .About  1865,  howver.  it  v-n^-  f  T;nd  that 
if  during  the  distillation  the  bea\  y  vupoui-s  \ierc 
made  to  drop  back  upon  the  hot  oil  in  the  still 
they  became  superheated  and  were  decomposed. 
This  process  of  destructive  distillation  or 
'  era(;kitig  '  allowed  of  a  notalile  increase  of  the 
iUuminatiug  oil  fraction  at  the  expense  of  t  he 
luKrloating  oil.  So,  at  pfesent,  some  7ff-H()  }).e. 
of  hunuiifr  oil  is  rditained,  wliilst  llie  residuum 
from  which  the  lubricating  oil  is  obtained  is 
reduced  to  6  p.c. 

T1i<'  prnross  of  refinlut:  crude  prtroleuni  is 
ttontrally  divided  into  two  quite  distinct  |Miii-s. 
Tie  'Ix  iizine*  and  bunnng  oil  di.stillatc  arc 
mn  from  the  same  still,  when  the  fluid  residuum 
is  transferred  to  what  are  osnany  called  'tar 


stills,'  in  which  the  rest  of  the  distilling  opcrution 
is  cundufted.  Tho  cruiie-oil  .-tills  in  almost 
exclusive  use  at  present,  consist  of  a  cylinder  of 
boiler-plate,  the  lower  half  being  generally  of 
steel.  .10  feet  in  length  by  12  feet  G  inches  in 
diameter.  This  still  is  set  horizontally  in  a 
furnace  of  brickwork  usually  so  constructed 
that  the  upper  half  of  the  still  is  cxTWsfxl  to  the 
air,  which  facilitates  the  cracking  in  the  latter 
part  of  the  distillation.  The  working  charge  of 
the  cylinder  stills  is  usually  750  barrels,  although 
1000  hrtirrels  stills  are  often  used.  The  stills  are 
usually  provided  with  steam  pipes  lx>th  closed 
and  perforated.  The  steam  issuing  in  jots  from 
the  perfbiated  pipe  has  been  found  to  fadlitate 
di^t  illation  by  oanying  over  medianieallj  the 
oil  vapours. 

The  condensing  apparatus  varies  somewhat 
in  the  details  of  its  construction,  but  consists 
essentially  of  long  ooils  of  pipe  immersed  in 
tanks  through  which  water  is  kept  flowing. 
The  terminal  portions  of  the  condensing  pipes 
all  oonverge  and  enter  tiie  receiving  house 
within  a  few  inches  of  each  other.  ^Near  the 
extremity  of  each  a  trap  in  the  pipe  is  mode  for 
the  purpose  of  <»rT>nng  away  the  nnoondensable 
vapour.  This  may  be  allowed  to  escape  or  may  be 
burned  underneath  the  boilers  or  stills,  effecting 
thweby  a  largo  saving  in  fuel.  The  condensing 
pipes  generamr  deliver  into  box-like  receptacles 
with  plate-glass  sides,  through  which  tlie 
runrunp  of  the  diHtillate  can  he  ()l)ser\"ed.  and 
^m  which  test  portions  can  bo  taken  from  time 
to  time  for  the  proper  control  of  the  prooess. 

The  tar-stills  are  u  nillv  of  steel,  cylindrical 
iu  shape,  holding  about  2&.)  barrels,  and  are 
set  in  groups  of  two  or  more,  surroonded  by 
brick-work.  Vacuum-stills  have  been  and  are 
still  used  to  some  crtpnt.  especially  in  the 
preparation  of  re<Iu  i  I  ils.  for  the  manufacture 
of  lubricants  and  products  like  vaseline.  Of 
coxirse,  the  evaporation  in  these  stills  takes 
place  rapidly,  and  at  the  lowe.-^f  t  nix  rature 
possible,  insuring  a  fractional  distillation  and 
not  a  deoompoeition.  If  supwheated  steam  be 
used,  moreover,  instead  of  direct  firing,  it  is 
possible  to  reduce  oils  to  IH^B.  without  any 
production  of  pyrogenic  products.  ContinnottS 
distil!  itir>n  has  not  j)roved  commercially  .mceess- 
ful  Hi  tilc  Unit^Hi  States,  but  has  latteriv  been 
tak(  n  up  again  and  is  used  on  oevtain  kmds  of 
mideoiL 

To  reoor  now  to  the  produets  of  the  first 

rout:li  distillation  of  crude  nil,  the  first  fraction, 
known  as  the  *  benzine  distillate,'  is  retiistillcd 
by  st«am  heat  in  cylindrical  stills  holding  500 
l)anels,  and  is  somrtimes  separated  into  the 
fullowintr  products:  i\  ino^tn,  100*-110*B. 
gravitv;  rhiirdene.  rMi°-100*B. ;  gasolene. 
SO^-WB. ;  naphtha,  TOMe*  B. ;  benzine,  62''B. 
gravity.  The  time  occupied  in  working  the 
charge  is  alniut  4S  lK>urs.  The  deodorisatlou  of 
the  benzine,  which  is  to  be  used  for  solvent 
purposes  in  pharmacy  or  the  arts,  is  efieoted  by 
the  lisp  of  sulphuric  aejii.  as  in  the  treatment  of 
the  buridng  oil  fracltun,  uuly  the  proportion  of 
acid  used  is  much  smaller,  and  the  agitation  is 
cfT'  <  ted  by  revoKin;,'  padilL-s  instead  of  !>y 
air-hla.st.  One-half  of  1  i).c,  i.->  .sullicicnt  in  thi« 
case.  Other  processes  have  been  propi  sefl  t<»r 
the  deodorisation,  such  as  the  method  of  the 
United  States  Fbamaoopoia  fot  *  purified 
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benzine.'  which  is  to  agitato  the  benzine  firat 
with  dilute  sulphuric  ncid  to  which  potassium 
permanganate  has  been  added,  and  then  with 
sodium  hydroxide  soiation  to  which  a  similar 
addition  of  potaasium  permanganate  has  been 
made,  and  follotvw]  finally  hj  washing  with 
water. 

The  treatment  of  the  iUuminating  oil  fraction 
U  a  move  important  prooees.  It  is  fint  sabjeoted 

to  treatment  with  .sulphuric  acid,  washing  with 
water  and  a  solutioti  of  caustic  soda.  This 
Operation  is  condneted  in  tall  cylindrical  tanks 
of  wrought  iron,  lined  with  shoot  lead,  which 
are  called  'aeitators.*  The  bottom  is  futint  i- 
shajx-d.  tcntiinating  in  a  pipe  furnished  with  a 
stop-cock  for  drawing  off  toe  refuse  acid  and 
soda  washinss.  The  distillate  to  be  treated 
rauft  hf  cooled  to  at  least  60*F.,  niul  hcforo 
the  main  body  of  the  acid  is  added  for  the 
treatment  any  water  present  must  be  oarefally 
withrlraAvn.  This  is  done  by  ,<?tfirtinfr  the 
agitation  of  the  oil  by  the  air-pump  and  intro- 
ducing a  small  quantity  of  acid.  This  is  allowed 
to  settle  and  vinthclrawn.  The  oil  is  now 
agitated  and  about  one-half  of  the  charge  of 
acid  is  introduced  ffnidually  from  above.  The 
agitation  is  now  to  be  continued  aa  long  as 
action  is  indicated  by  rise  of  temperature, 
when  the  dark  '  slud  j'^  acid  '  is  allowed  to  settle 
and  withdrau-n.  The  remaining  portion  of  the 
aoid  is  added  and  a  second  thorough  agitation 
takes  place.  'I*he  whole  cliiiri^f  of  acid  needed 
for  au  average  distillate  is  alx»ut  1^2  u.c,  ur 
about  6  lbs.  of  aoid  to  the  barrel  of  oil.  The  acid 
as  drawn  off  is  dwrk^blne  or  reddish-brown  in 
colour,  and  is  obarged  with  the  sulpho-  com- 
pounds of  the  olefities  and  other  utisaturat<'d 
hydroc&rbous.  while  the  free  sulphur  dioxide 
eseapes  in  abundance.  The  oil,  after  treatment, 
consi.sts  of  the  p;iraflin  hydroearlKitis  largely 
freed  from  admixture  with  oletiueii  and  other 
hydrocarbons.  In  colour  it  has  Ix^en  changed 
from  brownish-yellow  to  a  very  light  straw 
shade.  The  oif  is  now  washed  with  water 
introduced  through  a  perforated  pipe  running 
round  the  upper  circumference  of  the  tank. 
This  water  percolates  through  the  body  of  the 
oil.  renioves  the  acid,  and  is  allowed  to  escape 
in  a  constant  stream  from  the  bottom. 

When  the  wash-wat^r  shows  no  appreciable 
aoid  taste  or  reaction  the  washini;  is  stopped 
and  about  1  p.c  of  a  oaustic  soda  t>olutiou  uf 
12°B.  is  introduced  and  the  oil  is  again  agitated. 
When  this  is  drawn  oS  the  oil  is  ready  for  the 
settling  tanks.  Washing  with  water  after  the 
*soda  treatment  sometimes  follows,  but  is  not 
generaL  The  settling  tanks  are  shallow  tanks, 
exposed  to  sir  and  fight  on  the  rides,  and  in 
those  any  water  contaiiied  in  the  oil  settles  out 
and  the  oil  becotncs  clear  and  brilliant.  The 
tanks  are  proviiled  with  steam  coik  for  gently 
warniiiic;  the  oil  in  cold  weather  to  facilitate  this 
separation.  The  bringing  of  the  burning  oil 
fractions  to  proper  fire-test  is  now  always 
accomplished  by  '  steam-stilling,'  or  taking  out 
the  light  vapours  until  test  is  reached.  Those 
light  v  apour^  are  of  couTse  Condensed  and  go 
into  the  gasuloQc  tank. 

In  the  refining  of  the  Canadian  oil  which 
contains  sulphur  impurities-,  aft^T  the  r,in?tie 
suda  washing,  the  oil  has  been  treated  with  a 
iRjIution  of  uthugB  in  oaustio  soda.,  agitation 


being  contiuuiHi  for  about  6  hours,  or  until  the 
oil  19  Jt  i  1  uised.  .Sublimed  sulphur  is  then 
added  auJ  the  iigitation  renewed.  Aft<;r  ihi,- 
first  drawing  oil  of  the  litharge  solution  the  oil 
is  bleached  in  sunlight.  The  oil,  however*  is 
not  freed  from  all  its  sulphur  impurity,  even  by 
this  elaborate  treatment.  More  recently  it  has 
been  found  that  distillation  over  tinely-divided 
metallic  copper  under  certain  conditions  will 
much  more  effectually  free  these  oih  from  the 
sulphur,  and  this  method  ha^  (jceu  extousiveiy 
used  in  refining  Lima  Ohio  oil. 

Tlie  residuum  of  the  original  crude  oil 
distillation  is,  as  was  said,  distilled  from  the 
*  tar  stills.'  The  first  ruimings,  constituting 
from  20  to  20  p.a,  will  have  a  gravitv  of  38°B.» 
and  are  returned  to  the  crade-oiTtanlc  lor  distilla* 
tion  or  are  treated  and  purified  as  burning  oiL 
The  paraffin  oil  which  now  runs  over  may  be 
caught  In  separate  lots,  as  it  deepens  in  colour 
and  increases  in  flensity,  or  it  may  he  all  received 
together  to  be  tieatitl  in  the  parathn  a^tator 
with  acid  and  purified  for  the  separatton  of 
parailin  wax.  The  agitator  in  this  case  must  be 
provifled  with  steam  pipes  so  that  its  contents 
can  l>o  kept  perfectly  liquid,  and  the  char^'e  of 
add  is  larger,  amounting  to  ^  4,  or  even  6  p-o. 
The  treatment  included  the  usual  washing  witii 
water  and  soda,  all  nt  the  proper  temperature. 
The  '  sludge '  bepomes  quite  solid  on  standing, 
and  is  not  worked  over.  After  settling,  tnie 
paraffin  oil  goes  to  the  chill  rooms,  where,  by 
the  aid  of  the  ajumonia-refriger  itiug  lUiichinea 
Mid  the  circulation  of  OOOled  brine,  the  whole 
mass  is  brought  to  a  semi-solid  condition. 
This  is  fUter-prossod  at  low  temperatures,  and 
the  refined  heavy  oil  which  drains  nil  is  eollectcfl 
aslubrioating  oil.  The  press-cake  may  be  broken 
up,  melted,  and  recrystMllsed,  and  then  submitted 
to  still  greater  pressure  at  a  hij^fier  t<nnperature 
(70°F.)  than  befurc,  when  it  is  linown  as  '  refined 
wax.*  To  convert  it  into  Mock  paraffin  it  must 
be  washed  with  licnzine,  pressed,  melted,  and 
filtered  through  selected  filtering  clay,  when  it  is 
olttained  perfectly  colourleas  and  soUdiljing  to 
a  hard  translucent  block. 

The  distillation  of  residuum  is  oontmued 
until  the  bottom  of  the  still  Ixcouies  red  hot, 
when  yellow  vapours  issue  from  the  tail-pipe 
and  a  dense  resmons  product  of  a  light  yellow 
colour  and  nearly  solid  conf=isteney  distils  over. 
This  •  yellow  wax '  contains  antluaceue  and 
other  higher  pyrogenic  hydrocarbons.  Its  only 
use  at  present  is  to  add  it  to  paraffin  oil  to  increase 
density  and  lower  cold  tests.  The  coke  remain- 
ing in  the  still  amounts  to  about  12  p.c.  Reduced 
oi^  obtained  by  earful  driving  ott  of  the  light 
fnuitions  of  the  crude  petroleum  without  crack- 

in^,'.  St  ited  liefore,  ;ire  of  preat  value  Jis 
lubricants.  They  are  generally  made  by  vacuum 
distillation,  and  the  use  of  superheated  steam 
inst^jad  of  direct  tiring.  Thf  v  are  either  brought 
into  the  nmrliet  nt  once  withinit  further  treat- 
ment or  after  u  bone-bla<-k  or  day  fQtration. 
This  production  of  filtered  oils  is  usually  Com- 
bined with  the  manufacture  of  vaseline  or 
'  pet  roll!  um.'  us  it  is  now  known  in  the  U.  S. 
Pharmacupcaia.  Taidng  a  vacuum  residuum  a« 
the  raw  material,  this  is  melted  and  run  on  to 
filter>  i  f  line  jirunular  well-dried  l)<  r:c  black. 
The  filters  are  either  steam- jacketed  or  are 
placed  in  rooms  heated  by  steam  ooils  to  )20*F. 
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or  higher.  The  first  nuuuDga  are  coiourieKs ; 
aad  all  up  to  a  oertain  giade  of  odour  go  to  the 

manufacture  of  vaseline.  Beyond  tuat  the 
filtrate  is  known  as  '  iiit<;rc(l  cylinder  oU,'  and  is 
wwd  as  labrioant  exolusivcly. 

The  process  of  filtcatiun  of  oila  thxongh 
fuller's  earth,  now  oztennyoly  practised  wHh 
lubricating  oils  and  paraffin,  has  also  been 
applied  in  an  experimental  way  by  Pr.  David 
Ti  Day,  of  tha  U.S.  Qodo^oal  Survey  to  omde 
petroleums  with  interesting  results,  showing 
not  only  n  dccolouri>7ing  effect,  but  in  addition 
»  frattionntion.  These  results  are  briefly 
Bummnri?.  !  thus  (Bulletin,  2Ci5,  U.S.  Geological 
Survey  i:  '  1.  When  petroleum  iis  allowed  to  rise 
in  a  tube  packed  with  fuller's  earth,  there  is 
a  decided  nractionatUNEi  ol  the  oil,  the  fraction 
at  the  ton  of  the  tube  being  of  lower  specific 
gra^-ity  taun  that  at  the  bottom.  2.  \V]i(  ii 
water  is  added  to  fuller's  earth  which  contaiua 
potRdeaa,  tiha  oQ  whioh  is  displaced  first  di&rs 
in  specific  gravity  from  that  which  is  dis^aoed 
afterwarda  when  more  woter  is  added.  3.  When 
petroleum  is  allowed  to  lise  in  a  tube  packed  with 
Iiiller'd  earth,  tho  paraffin  hydmcarlKjns  tend 
to  collect  in  llio  lightest  fraction  at  the  top  of 
the  tube  and  the  unsaturated  hydrocarbons  at 
the  bottom.  4.  When  oil  is  mixed  with  fuller's 
earth  and  then  displaoed  with  water,  about 
ono  thirtl  of  f  h'  oil  remains  in  the  r  ath.'  These 
roflults  are  iuterestiog,  as  throwing  light  upon 
the  oconirenoee  of  diuiNnt  gndee  of  erode  oil 
under  different  geological  conditions. 

There  are  several  relatively  new  lines  of 
nuuniiaeture  of  petnleiua  praonetB  that  ako 
require  special  mention. 

Tho  great  demand  for  gasoline  for  automo- 
bile, motor-boat,  and  manufacturing  processes 
has  caused  petroleum  refiners  to  turn  to  all 
pomlUetonroee  of  these  tifhtfraotioiiB.  Normally 
100  barrels  of  cnidc  yield  but  5-7  barrels  of  a 
good  quality  gasolene,  and  the  consumotion  of 
gasolene  has  now  risen  to  900,000,000  gulons  per 
year.  Much  attention  has  therefore  been  given 
to  obtaining  a  light  gasolene  by  oondcosiug 
the  heavier  portions  of  natural  gas,  especially 
what  is  termed  '  casing-head  gas.'  In  West 
Virginia  and  south-eastern  Uliio  several  plants 
have  been  started  for  condensing  from  this  gas 
ita  liqaefiaUe  portions.  Gas-pampe  are  in  Ui^e 
for  drawing  from  petroleum  wells  the  heavier 
portions  of  the  petroleum  gas.  much  of  which  i.s 
oondoosablo.  ux  Califoniia  large  quantities  of 
heavy  petrolenm  gas  are  also  obtained,  and  it  is 
stated  that  every  1000  fort  of  the  pns  will  yield, 
on  oondensation,  two  gallons  of  gasolene.  As 
thonsanda  ol  irr^ting  plants  are  driven  by 
gasolene  engines,  and  many  gas  motors  am  in 
use  for  all  kinds  of  work,  the  demand  for  gasulcuc 
has  made  this  new  source  a  very  welcome  one. 

Gas  oils  are  now  prodnoed  veiy  extensively 
from  snoh  omde  oils  as  Tcxtm  petrolenm, 
whit  h  di>  not  yield  large  percentages  of  kt  roseru', 
and  are  then  dustruetivelv  distilled  in  uos-making. 
The  oil-gas  thus  obtained  has  a  high  muminatiiig 
power,  and  is  mixtd  with  wnter-:.'its,  which, 
although  cheap,  has  no  illuminating  value  unless 
oarbwetted. 

Petrr'lcnm  residuums,  notably  the  Lima 
residuum  and  latterly  the  Mid-Continent  oil 
residuums,  are  blown  with  a  current  of  air, 
wbole  kept  at  a  temperatnie  below  theii  distilling* 
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iwmt,  with  the  result  of  the  formation  of  a  semi- 
solid  or  solid  product  resembling  asphalt  and  used 
t\t  present  extensively  as  a  flux  for  the  hard 
natural  u^plialts.  The  Caiiforuia  petroleum 
readily  yields  an  aspholtic  residue  when  distilled 
and  much  artificial  asphalt  for  paving  purposes 
is  made  in  this  state.  SiUphur,  when  heated 
with  the  liquid  California  petroleums  of  aKphaltio 
base,  also  caos^  a  thickoning  and  the  production 
of  a  solid  aaphaltio  flnx. 

V.  Character  of  ProdwAa  and  Utilimtioiui. 
The  names  of  commercial  pradoots  obtained 

from  petroleum  have,  of  <'"nr«e,  been  almost 
infinitely  varied,  as  each  niauuiacturer  has  liis 
trade  names  for  his  special  products.  Wjd  shall 
only  designate  the  genetally  accepted  classes  ol 
prodnots.  The  first  fraction  commercially  ob> 
1  iiiii  !  is  the  •  light  naphtha.'  From  this  may  bo 
obtained  by  special  fracUoning  and  proper 
condensation  >— 

Cymogene,  ga-soona  at  ordinary  temperatures, 
but  Uquefiablo  by  cold  or  pressure,  o.p.  0*0., 
sp.gr.  1 10^ B.    Used  in  the  manufacture  of  ice. 

Rhigohnr,  condensable  bv  the  use  of  ice  and 
salt,  b.p.  18-3°C.,  sp.gr.  0  (kl  or  KMj^B.  Used 
as  an  ans^sthetio  lor  medical  purposes. 

Light  Fttroleum  or  Petroleum  ether  (Sherwood 
oU),  b.p.  W-WC.,  8p.gr.  0-6(KM)-666  or  86"- 
80*'B.  Lised  as  a  solvent  for  caoutchouc,  asphalts, 
and  fatty  oils,  and  for  carburetting  air  in  gas 
machines. 

Th('  light  petroleum  used  T)y  chemists  for 
solvent  purposes  may  verj  light*  88^B.»  or 
may  be  as  heavy  as  62°B.,  whioh  latter  is  used  m 
certain  classes  of  extraction. 

lAgroin  is  another  name  for  light  petroleum. 
Benzine  (deodorised),  sp.gr.  O-GliS-O-BOO  at 
WC.  (82°-80°B.),  boUins  at  46^-6^0.,  is  the 
light  BtHvent  described  in  the  UJ3.  Pharmacopceia. 

na-^dine.    This  term  is  now  broadly  applied 
I  to  the  produot  used  for  automobiles,  motor- 
I  boats,  and  intemsl'Combastion  engines,  and 
because  of  its  demand  may  vary  quite  widely 
,  in  quality.    Moreover,        goiioliao  i&  made 
1  now  not  only  from  Pennsylvania  oil,  but  from 
oils  like  California  and  Mid-Continent,  which 
I  are    dilJerently   constituted    chemically,  the 
products  will  differ  quite  notabb.  in  leal 
characters.   Thns  a  Califomia  naphtha  of  Gti^B. 
I  gravity  will  evaporate  at  ordinary  tempera- 
tures much  more   readily  than  Pennsylvania 
gasoline  reading  S0"B.  or  higher.    Ur  again  a 
wdl-ma^  60°-C3°  gravity  naphtha,  manulae* 
tured  from  Mid-Continent  crude,  has  a  lower 
b.p.  than  76"  n-avity  naphtha  made  from 
I  Pcnni^lvania  onrae. 

In  general,  enmmercial  ga.solines  arc  of 
heavier  gravity  than  before  the  demand  grew 
to  its  present  Bgures. 

Bvrmng  oU  or  keroMMe.  The  different 
boming  oilJi  are  known  often  by  special  names, 
of  which  the  number  is  legion,  but  they  are 
i  graded  by  the  American  petroleum  e:morter8, 
I  chiefly  aooording  to  the  two  standards  ol  ooloor 
and  iire-test,  the  colours  ronging  from  pale- 
yellow  (stAudard-white)  to  straw  (prime-wliite), 
and  colourless  (water-whito).  The  fire-tests  to 
which  the  commercial  oils  are  mttstlv  brouglit 
are  UU  F.,  \2(f¥.,  nnd  150^1".,  that  of  llU" 
going  mainly  to  the  Continent  of  Europe  and 
to  China  and  Japan*  and  that  of  120°  to  England. 
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Mofll  off  the  keraeene  for  export  is  now  refined 

on  the  basis  (»f  the  Abel  test.  An  oil  of  150°F. 
fire-test  aod  water-white  in  colour  is  known  in 
the  trade  aa  *  heed-light  oU.*  An  oU  of  800" 
firc-te^t,  and  sp  gr-  0-829  is  known  ea  '  minflnl 
sperm  '  or  '  mineral-colza  '  oiL 

Lubricating  oils  from  petroleum  have  aiemned 
an  importance  which  is  increasing  every  year. 
Some  crude  petroleuuiu  like  those  of  Franklin 
and  Smith's  Ferry,  Pennsylvania,  Mecca,  Ohio, 
Volcano,  W.  Vi^inia,  and  other  looalities, 
are  natural  htbiioatii^  oQb,  requiring  little 
or  no  treatment  to  fit  them  for  use.  The 
other  petroleum  lubrioating  oils  are  prepared 
in  one  of  two  waye  either  hv  dnving  off 
the  light  hydrocarbons  from  the  crude  oil, 
yielding  wliat  ia  called  a  '  reduced  oil,'  or 
they  are  the  oila  obtained  by  distilling  the 
petroleum  reeiduum  in  tar-stills.  The  lightest 
of  the  lubricating  oils,  varying  in  gravity  from 
82*B.  to  8S^B.,  are  frequently  called  '  neutral 
oila.*  Ther  axe  larnly  used  for  the  poipoie  of 
mixing  with  anfuaTor  -vi^etahle  oili,  and  it  is 
therefore  necessary  tluit  they  should  be  th(  )rotighly 
deodorised,  decolouriBed,  and  deprived  of  the 
bine  flnoreaoenoe  or  *  Uoom.*  The  first  two 
results  are  accomplished  by  bone-black  filtration, 
the  last  in  various  wayi,  such  as  treatment  with 
nttrio  acid,  addition  of  tnudl  quantities  of 
nitconaphthalenos,  &c. 

Heavier  lubricating  oils  are  called  '  spindle ' 
aod '  cylinder  *  oila.  8.  r.  8. 

Pktrolbum  froh  otsbk  Soxmcss  trait 

Ameuica. 

Towards  the  close  of  tho  nineteenth  centiiry 
the  United  States  and  Russia  occupied  positions 
of  greater  importance  in  respect  of  the  present 
and  proapective  supplies  of  petroleum  than  is 
now  the  oase,  for  within  recent  years  there  has 
been  crre.it  ri^-tivity  in  the  exploration  of  petro- 
liferous regiouH  and  tho  exploitation  of  other 
84)urccs  of  supply,  with  the  result  that,  although 
the  I'liit"  !  St  itcH  furnishes  considerably  more 
than  luUf  t  ie  aggregate  output,  many  other 
oountciea  are  now  contributing  on  a  scale  of 
increasing  commeroial  importance,  and  the  pro- 
duction of  potrolenm  has  become  widesprcatl 
in  charaot<T. 

In  these  ciroomstances  it  is  desirable  to 
give  statisticB  of  the  world's  output  of  petroleum 
for   1911,   the  l  itest  vo  ir   for    which  ofTicial  i 
returns  are  obtainable,  before  proceeding  to  j 
supplement  the  aoooont  of  the  petroleum  I 
industry  in  tho  United  States  by  particulars 
of  the  oorresponding  industry  in  other  countries 
(see  top  of  next  oolumn). 

Rusna. 

There  can  be  little  doubt  that  tin  «  called 
Eternal  Fire=?  at  Surakhani,  on  the  Ajishcnju 
po:iinsula,  ha^'e  been  frequcntnl  by  lire- 
worshippers  since  the  crunm.  n  .  rnent  of  the 
Zoroastrian  period,  to  which  the  date  of  600 
B.C.  has  usually  been  assigned,  although  the 
temple  which  iidw  stands  in  tluit  Inr.ility  is 
considered  to  be  of  Hindu  origin,  and  is  probably 
not  more  than  two  centuries  old.'   In  Gibbon^ 

•  Whsa  ids  pie  wet  writer  vfslteJ  Baku  tn  1884. 
hsloandthts  temple  deorterl.andthe  flretextingulstoJ. 
bat  lie  liai  ao  dlAoulty  in  igDlting  tto  gas. 
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Sooroe. 
United  States 

Ru&sia 
Mexico 

Dutch  East  Indies 

R(  111  mania 

(iaiieia 

India 

Japan 

Peru 

Germany 

Canada 

Italy 

Other  Oounteiea* 


Metric  Tons, 
2033,262 
0,008,260 

1,873,622 
1,670,668 
1,544.072 
1,458,276 
897,184 
22i»i87 
186,405 
140,000 
3M13 
10,000 
26,667 


Percentage 
of  TotaL 
68-80 

1916 
4-07 
3  52 
3-21 
3  04 
1-87 
0-48 
0-40 
029 
0O8 
002 
0-06 


•  Decline  and  Fall  of  the  Roman  Empire'  it  is 
recorded  that  Ueradius,  having,  in  a.d.  624, 
wintered  in  the  Hogan  Steppes,  at  the  mouth 
of  the  river  Kura,  70  miles  south  of  Baku, 

*  signalisod  the  zeal  and  revenge  of  a  Christian 
Emperor.  At  his  command,  the  soldiers  cx- 
tinguishfxl  the  fire  and  destroyed  the  temple 

of  tho  ilagi.' 

Marco  Polo,  writing  in  the  thirteenth  cent  m  y, 
says,  *  On  the  oonfines  towards  Georgine,  there 
is  a  fountain  from  whidi  oil  springs  in  great 
abundance,  inasmuch  as  a  hundred  shiploads 
might  be  taken  from  it  at  one  time.  This  oil 
is  not  good  to  use  with  food,  but  'tis  good  to 
bum,  and  b  also  used  to  anoint  camels  th.it  have 
the  man^e.  People  come  from  vast  distances 
to  feldl  It,  for  in  all  the  countries  round  there 
is  no  other  oil.'  *  With  reference  to  this. 
Colonel  Yule  remarks,  '  Though  Mr.  Khanikoff 
(tho  celebrated  Russian  traveller)  points  out 
that  spriiigs  of  naphtha  are  abundant  in  tho 
vicinity  orilflis,  the  mention  of  shiploada  (in 
Ramusis,  indoed,  altered — probably  by  the 
editor— to  camel-loadsl  and  tne  vast  ouantitiea 
spoken  of,  p<nnt  to  the  naphtha  wous  of  the 
Baku  peninsula  on  the  Caspian.  Ricold  sneaks 
of  their  supplying  the  whole  country  as  lar  as 
Bagdad,  and  Barbaro  speaks  of  their  practice 
of  anointing  '■ari\eN  with  oil.'  Peter  the  Great, 
upon  annexing  H:iku  in  1723,  made  arrange- 
mcnts  for  the  eoUiKJtion  of  the  oil  and  its  trans- 

Krtation  up  tho  Volga.  A  few  years  later, 
iku  having  meanwhile  been  restored  to 
Persia.  att<  inj)ts  were  made  by  England  to 
establish  a  trade  with  India  vid  the  Caspian 
Sea,  and,  some  oomplioations  having  ariaen, 
Mr.  Jonas  Han  way  was  deputed  to  ])rooeed  to 
Persia  to  investigate  affairs.  Upon  his  return 
Mr.  Hanway  published,  in  1754,  An  Account  of 
British  Trade  over  tho  Caspian  Sea,  wherein 
tho  following  references  to  petroleum  occur : 
'  What  the  Guebers,  or  Fire-worshipiwrs,  call 
the  Everlasting  Fire,  is  a  phenomenon  of  a  very 
extraordinary  nature.  This  object  of  devotion 
lies  alxfut  ten  Englisli  miles  north-oast  by  ea-nt 
from  the  (.'ity  of  Baku,  on  a  dry  rockv  land. 
There  ate  sevNal  ancient  temples  built  with 
stone,  supposed  to  have  been  aU  dedicated  to 

•  The  Book  of  SorMarro  Polo,  the  TeasCisn.  BdHed 
hf  Colonel  Heory  Tnle.  C3.,  London.  1871. 
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fire.  Amongst  others  is  a  little  temple  at  wliich 
the  Indiaoi  now  wonhiik   Here  are  ganexaUy 

forty  or  fifty  of  these  poor  dovotcM,  who  comr 
on  a  pilgrimage  from  ilieir  own  country.  A 
little  way  from  the  temple  is  a  low  cleft  of  a 
rock,  in  whioh  there  is  a  horizontal  gap,  two 
feet  from  the  ground,  nearly  six  long,  and  about 
three  broad,  out  of  which  issues  a  constant 
flame,  in  colour  and  gentleness  not  unlike  a 
lamp  that  bums  with  spirits,  only  more  pure. 
When  the  wind  blows  it  risos  sometimes  eight 
feet  high,  bat  much  lower  in  atill  weather. 
They  clo  not  pefeeiTe  lliat  fhe  Anne  nutlmi  any 
inipresaiori  on  the  rock.    Tliis  al?  i  tho  Indians 
worship,  and  say  it  cannot  be  resisted,  but  if 
extinguished  wiU  rise  in  another  jdaoe.  The 
earth  round  tho  place,  for  above  two  miles,  has 
this  surprising  property,  that  by  taking  u^  two 
Off  three  inches  of  the  surface  and  eddying  a 
live  coal  tho  part  which  is  so  uncovered  im- 
mediately takes  fire,  almost  before  the  coal 
touches  tho  earth ;    tho  flame  makes  tho  oil 
hot,  but  does  not  consume  it,  nor  affect  what  is 
near  it  witii  any  desree  of  he»t>  Any  quantity 
of  this  earth  carried  to  anotiber  place  docs  not 
produce  this  effect.    Not  long  nnoe  eight  horses 
were  consumed  by  this  fire,  Deing  nnder  a  roof 
whore  the  surface  of  the  pfround  was  turned  \ip, 
and  by  some  accident  took  llaiae.    If  a  cano 
or  tabe»  vwa  of  p*Per,  be  set  about  two  inches 
in  the  gmimd,  confincHl  and  closed  with  earth 
below,  and  the  top  of  it  touched  with  a  live 
coiU,  and  1)1owti  upon,  immediately  a  flame  issues 
without  hurtiqg  either  the  cane  or  paper,  pro- 
irfded  the  edra  be  eoverad  with  day*  and 
this  method  tiiey  use  for  light  in  their  houscn, 
which  have  only  tiie  earth  for  the  floor.  Tiiree 
at  four  of  these  lighted  canes  wiO  boil  water  in  a 
pot,  and  thus  they  dress  their  victuals.  The 
flame  nmy  be  extinguished  in  the  same  manner 
as  that  of  spirits  of  wine.  The  ground  is  dry  and 
fltonv,  and  the  more  stony  any  particular  part 
is,  tile  stronger  and  clearer  is  the  fiame ;  it 
smells  sulphurous,  like  naphtha,  but  not  very 
offensive.   Lime  is  burnt  to  great  perfection  bv 
meant  of  this  phenomenon,  tne  flame  eommunf- 
rating  it.=' If       any  distance  where  the  earth 
is  uncovered  to  receive  it.    Tho  stones  must 
be  laid  on  one  another,  and  in  three  days  the 
limo  13  completed.    Near  this  plnce  brimstone 
is  ducr,  nnd  naphtiia  springs  art)  found.  Baku 
vupplies  Ghilan  and  Mauikderan  snd  other 
couutries  conf isj;imns  with  naphtha.'  Hanway 
adds  that  '  the  chief  place  for  the  blank  or  dark- 
grey  naphtha  *  was  '  the  small  island  Wctoy. 
now  uninhabited,  exoepi  at  auoh  time*  «a  they 
take  naphtha  mm  thence.*  Tlie  island  thus 
referred  to  is  Sviat<n"  -  :   TT.  1y  Tsl;ind,  which 
Ueeat  the  extremity  of  the  pcniui^ula  of  Apsheron. 
Ot  the  Wetoy  naphtha  Hanway  says,  *  The 
Persians  lofid  it  in  bulk  in  their  wretched  vessels, 
ao  that  sometimes  the  sea  is  coveru«i  with  it  fur 
leagaea  togetlier.   When  the  weather  is  thick 
and  hazy,  the  sprint'^  boil  up  the  higher,  and 
tho  naphtha  often  takes  fire  on  the  surface  of 
tho  earth,  and  runs  in  a  flame  into  tho  sea  in 
great  quantitiea,  to  a  distance  almost  incredible, 
in  dear  weather  the  springs  do  not  boil  m  above 
twD  (ir  three  feet;    in   Ijoilin;;  ()\er  tn<'  oily 
8U  Instance  nmkos  so  strong  a  consistency  as  by 
degrees  to  almost  doee  the  mouth  of  tho  spring. 
SometinHW  it  ii  quite  dMed,  and  forma  hiii*>ftiw 


I  that  look  as  Uaok  as  pitch,  but  the  niiog  whioh 
I  it  reritted  in  one  idabe  bredn  ont  in  anotiier. 

Some  of  the  springs  which  Imve  in>f  been  long 
open  form  a  mouth  of  eight  or  t«n  ieot  diameter. 
I  "xbio  people  carry  the  naphtha  by  trouglit  into 
pits  or  rwervoirs,  drawing  it  oft  from  one  to 
another,  leaving  in  the  firvt  reservoir  the  water 
or  the  heaTier  part  with  wliieh  it  is  mixed  when 
it  issues  from  the  spring.    It  is  unpleasant  to 
the  smeU,  and  tised  mostly  among  tho  poorer 
sort  of  the  I'ersians  and  other  neighbouring 
people,  as  wo  use  oil  in  lamps,  or  to  Ixnl  their 
viduals ;  Imt  it  eommunteatet  a  ditagreeable 
taste.    They  find  it  bums  best  with  a  smrill 
admixture  of  ashes.    As  they  obtain  it  in  great 
abundanoa,  every  family  it  well  supplied.  They 
keep  it  at  a  small  distance  from  their  houses, 
in  earthen  vessels  underground,  to  prevent  any 
aooident  from  fire,  of  which  it  is  extremely 
susceptible.'    Hanway  also  describes  a  '  white ' 
variety  of  naphtha,  collected  on  the  penin-sula 
of  Apsheron,  as  '  of  a  much  thinner  consistency 
than  black  naphtha.   The  Busaians  dxink  it 
both  as  a  oordiiu  and  medicine ;  but  it  doee  no4 
intc\iL  a1(      If  taken  internally  it  is  said  to  1)0 
I  gomi  for  the  stone,  as  also  for  disorders  of  the 
{  breast,  and  in  venereal  cases  and  tore  heads  ; 
!  to  both  the  last  the  Persians  are  very  f^Ttlijrrt. 
Externally  applied,  it  is  of  great  uae  in  s(  oi  butio 
pains,  gouts,  cramps,  &c.,  but  it  must  be  put 
to  the  part  alTecled  only  ;   it  penetrates  in- 
stantaneously into  the  hlootl,  and  is  apt,  for  a 
short  time,  to  produce  great  pain.    It  has  also 
the  property  of  spirits  of  wine  to  take  out 
greasy  spots  in  bQIb  or  woollens,  bnt  the  remedy 
is  worse  than  the  disease,  for  it  loaves  an  ab'  n-in- 
able  odour.  They  say  it  is  carried  into  India  as 
a  great  rarity,  and  being  prepared  as  a  japan 
is  the  most  wautiful  and  lasting  of  any  toat 
has  yet  been  fountL'     A  third  source  of  petro- 
leum mentioned  by  Hanway  is  the  island  of 
Toheleken  on  the  eR?t<»m  side  of  the  Caspian. 
Of  this  island,  on  which  at  the  present  time  great 
activity    prevails    in    petroleum -prospecting. 
Captain  Woodrofie  says,  *We  weu(hed,  and 
eame  in  dose  under  tlie  east  ride  of  naphtonia, 
as  the  Kassians  call  it.    The  Persians  call  it 
Cherriken.    The  coast  is  di£Bcult  of  access, 
bdng  liiglu   It  contains  about  thirty-six  f  amiliee 
who  liavc  twenty-eight  large  boats,  with  several 
wells  of  naphtha.    The  people  exist  entirely 
hy  pixaey.  Tb  remedv  this  evil  Nadir  Shah, 
some  years  ago,  offered  to  forgive  all  that  was 
past,  and  to  receive  them  into  his  favour,  if 
they  Would  come  and  settle  about  Astrabad  Bay, 
where  they  might  have  lands  and  sell  their 
naphtha  to  <3ie  Inhabitants  of  that  quarter. 
This  they  accepted,  and  carried  on  a  brisk  trade 
for  about  two  years,  selling  their  naphtha  to 
the  Persians,  ^nirkomans,  fte.;  but,  getting 
tired  of  this  way  of  liv&Dg^  returned  to  their 
trade  of  piracy.' 

Russia  again  aimexcd  Baku  in  1806,  and  tho 
monopoly  of  producing  petroleum  was  conferred 
on  a  merchant  of  the  name  of  Miizoeff,  who  held 
it  until  1S72,  when  Ihb  monopoly  was  nyoked 
and  a  tax  imposed. 

The  abolition  of  the  monopoly  had  the  elFect 
of  preatly  iiirreasing  tlie  jircuhn  t ii  ii.  and 
MirzoclT  did  not  long  retain  a  |MiHition  of  supre- 
macy, for  in  1873  the  Khalifv  Comiwny  struck 
a  flowing  wdl  whioh  yidded  a  large  supply ; 
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and  in  the  fdlowing  yeu  the  Tmmoaspaa 

Tni<lin).^  Coinpiiny,  aftcrwarda  called  tho  Baku 
Petroleum  Compaoy,  took  the  lead  ia  tho 
bndiMM.  Tq  1676  lleMnk  Nobel  Brothers 
oommoneed  the  systematic  pr<vlu<tion,  rffining 
aad  traoHportation  of  petroleum  upuu  a  lar^o 
MM1«»  and  by  the  introduction  of  apiiroviil 
applinncM  for  drilling  and  refining,  ;uh  well  as 
hy  tho  installation  of  a  complete  system  of  pipe- 
lines, tank  steamers,  tank  barges,  tank  railroad 
wag^^oni,  and  storage  tanks,  inaugurated  a  new 
eia  m  the  RubrUii  petroleiiin  industry. 

For  many  years  Ihe-^c  ujH  ratluu.s  wen-  con- 
fined to  a  few  ac^uaro  miles  in  the  Baku  dia- 
triet,  the  prodoomg  fiolds  including  Balakhani, 
Sabuntchi,  Romani,  and  Bibi-Eil)at.  but  within 
this  small  area  such  pruUtic  vvi-llc>  were  drilled 
that  a  very  large  production  was  obtained. 
Thus  tho  celebrated  Droojba  fountain,  oom- 
ptotod  in  1883.  oommenoe<l  spouting  at  the 
rate  of  l,fiOO.O<M)  to  2.(M)().r)00  gallons  daily, 
▼ahiedat  £11,000,  and  other  wella  diilled  withhi 
later  yean  have  had  for  a  time  a  daily  yield 
of  morv  than  doiiMe  that  quantity. 

In  18U3  the  Grozni  field,  which  lies  about 
300  mikis  north-west  of  Baka,  began  to  attnot 
attention,  and  two  years  latt«r  it  pave  so  pro- 
ductive a  fountain  that  tho  outflowiiig  oil  con- 
verted a  ncigh)K)uring  valley  intf>  a  vast  lake 
in  which  lar^e  ships  could  have  floated.  From 
that  time  thu  progress  of  Gtoau,  was  fapid,  and 
it  now  ranks  as  one  of  the  grekt  oilnelds  of 
Russia. 

The  oilfield  of  Maikop,  in  wkidi  a  large 

amount  of  English  r^npital  has  already  been 
expended  in  drilling  oi>cTations,  is  aituatc<l  in 
the  Kouban  territory,  al>out  300  miles  west  of 
(trozni.  The  early  promise  of  large  production 
from  moderate  deptli  i;iven  hy  the  completiou 
of  prolific  spouting  wlis  ha-  not  l>een  fidfilled, 
but  deep  test- wells  are  being  drilled.  Meanwhile, 
however,  a  steady  yield  is  being  obtained  from 
ciTtiiin  part.-j  of  tin-  fiild.  Other  jx-tnilifrrnus 
lands  lu'  hiM  further  to  the  north-west  on  the 
Taman  Peninsula. 

As  alroa<ly  mentioned,  tho  Tslan<l  of  Tehe- 
lekcn,  on  tho  e^ttira  side  of  the  (  anpiau  Sea, 
is  now  being  actively  exploit rd  with  the  drill, 
and  spouting  wells  have  been  obtained.  Ozo- 
kerite is  also  being  obtained  hero  in  commercial 
quantity. 

Another  distnot  in  wliioh  spouting  wells 
have  reoently  been  obtained  by  drilling  is  that 

of  Ciurieff,  in  the  province  of  Uralsk^  on  the 

northern  side  of  tho  Caspian  Sea. 

The  cable  system  of  drilling,  commonly  em- 
i)Uiye<l  in  the  Uniti'd  States.  \\lu<  h  lias  already 
been  describe<l,  has  nut  found  favour  in  Russia, 
although  it  ha^  l>een  used.  The  method  adopted 
is,  liowcver,  substantially  similar,  in  the  wme 
that  tho  strata  are  Tierforated  by  rapidly  succes- 
sive lilous  of  a  >t(<l  hit,  or  cutting  chisel, 
suspended  from  the  cud  of  an  osoillating  beam, 
but  the  drilling  tools  are  attached  to  the  beam 
hy  a  strini:  of  screw- jointed  iron  ro<ls.  addrd  to 
fta  i  ht  <K  |)th  of  the  well  increfwes,  instead  of 
iK-ing  suspen«h'd  bya  Manilla  cable,  as  in  America. 
Ah  the  drilling  progn!s.srs,  tlir  ({.  tntUi  is.  from 
time  to  time,  remov*'*!  from  llu'  U-rr  l,v 
means  of  a  long  cylindrical  v<'rt.HrI  with  a  iHot- 
valve,  as  in  tho  American  system.  The  well  is 
also  similarly  lined  with  iron  casmg,  but.  owing 


to  the  large  diameter,  riveted  easing  is  used  in 

Slaco  of  .srn  wed  artesiari  casing.  The  greater 
iameter  of  the  Russian  wells  is  due  to  the  need 
for  providing  for  the  use  of  a  bailer  (valvod 
cylinder)  for  mi-<inp  the  nil  when  the  well  does 
not  flow,  the  oil  eoniauung  so  much  sand  that 

f>umps  cannot  Im'  u.mxl.  To  some  extent  ihe  air- 
ift  system  of  raising  tho  oil  has  been  substituted 
for  bailing  within  recent  years.  Motive  power 
for  tho  drilling  machinery  is  ordinarily  supplied 
by  a  steam-engine,  and  it  ia  oustomaiy  to  take 
the  steam  supply  6om  a  eential  generating 
station,  but  the  internal  eomhustion  eii^dne  is 
also  empl()ye<l,  and  the  use  of  eieetricit\'  as  a 
motive  power  is  growing.  Tho  oil  is  transported 
to  the  refineries  hy  meanfi  of  pipe-lines,  as  in 
America,  and  ttt  to  some  extent  store<l  in  <iimilar 
iron  or  steel  cylkidrioal  tanks  of  Inr^r  size, 
but  earthen  storage  rnervoiia  are  alao  laigely 
used. 

In  tho  refiniii*;  of  the  crude  oil  it  is  the 
practice  to  adopt  the  aryrstem  of  continuous 
distillation,  whlon  oonsists  in  causing  the  oil  to 
flow  fhroili;!)  a  connect**!  series  of  liorizontal 
stills  heated  to  successively  higher  temperatures, 
each  still  being  provided  with  a  separate  eon- 
denser,  so  that  a  serii-s  of  distillat<'S  of  pro- 
gressively higher  huiliug-iK.)inls  is  simultaneously 
obtaineil.  In  this  n*spect  the  process  of 
fractional  distillation  diners  from  that  adopted 
in  America.  In  the  treatment  of  Baku  petro- 
leum the  n  flner  aims  at  ohtaininp  the  largest 
yield  of  tho  ostatki*  or  residuum,  for  which 
there  is  a  large  sale  as  liquid  fuel,  the  kerosene 
being  a  pro<hict  of  secondary  imprtrtance, 
though  a  certain  projx»rtion  of  the  residuum  is 
further  distillwl  for  the  manufacture  of  lubri- 
eating  oils,  as  in  America.  The  '  cracking ' 
process,  largely  employed  in  the  Unitetl  States 
as  a  moans  of  increasing  the  yield  of  kcroi^e, 
is  not  adopted  in  Russia,  and  in  this  respect 
also  the  procedure  in  the  two  eonntries  diners. 
The  yirlil  (»f  kerosene  from  the  crude  oil  of  the 
older  Russian  fields  does  not  usually  exceed 
25-30  p.0.,  and  in  the  mannfaotuie  of  the 
lubricstiutf  iii!  there  are  nn  s<ilid  hydrt:)carVK)n8 
to  be  separate* i  in  the  form  of  ])arafliu  wax,  as 
in  America;  but  oils  are  now  heing  met  with 
in  the  newer  Russian  fields  which  not  only 
contain  a  far  larger  proportion  of  the  moro 
volatile  hydrocarbons,  but  also  a  ooasidemble 
percentage  of  solid  liydrooarbons. 

The  crude  petrouuro  of  the  Baku  dtstviot 
has  a  s|x  <  ifio  gravity  usually  within  the  limits 
of  O-Siio  and  0-875.  It  is  of  dark-brown  colour 
and  not  unpleasant  odour.  In  ebemieal  com> 
position  it  difT<  rs  from  Pennsylvania  and  other 
United  Stat'es  oils  in  largely  consisting  of  hydro- 
carbtms  of  the  C«H^  series,  which  belong  not 
to  tho  ethylene  group,  but  to  what  is  known  as 
the  naphtbene,  or  C„H2„_,-f  H4,  group. 

The  yiuhl  of  benzine  from  the  oil  of  the 
Balakhani-Sabuntehi  field  \s  very  small,  hut 
a  larger  proportion  of  this  product  is  ohtaiutid 
from  the  Bihi-Kil)«t  oil.  The  kerosnio  ordi- 
narily has  a  specific  gravity  of  about  0*825, 
which  ia  eonsiderably  Idgher  than  that  of  the 
parallel  Unitecl  States  product.  Of  residuum 
(o.statki).  or  fuel  oil,  with  a  specific  gravity  of 
al>out  Oi)I2.  the  yield' is  from  60  to  60  p.o. 
The  (lasli  point  of  this  fuel  oil  is  about  140*F., 
and  its  e-alorihc  value  is  10,800  calories,  or 
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19,440  B.T.U.  The  <»)niparativcly  small  pro- 
poHion  of  the  residuuiii  whifsh  is  aubjooted  to 
raither  diatillation  for  tbe  tanulaetwe  of 

lubricating  oils  jifM-  lii  t  an  intcrraediftto 
product,  known  ati  aular  oil,  which  is  largely 
used  as  a  soaroe  of  gas  for  illamimting  purposes. 
About  30  p.c.  of  the  ri'siduum  is  r<'pr(-'sentt'<l  by 
a  machine  oil  of  a  specilio  gravity  of  about  0-UO^, 
ftnd  of  fftirfy  hi^  vlieosH^,  wliteh  to  an  anMilent 
lubricant  for  general  nse. 

The  crude  jpctrolcum  of  the  Grozui  field  is 
of  higher  specific  gravitv  than  that  of  the  Baku 
regkm,  bat  oontainB  »  wxgieff  proporikm  of  thA 
man  volatile  oonititDents. 

For  oonj)iirr.[itiii]i  in  |\ii;--^'in  1h('  komserie  in 
conveyed  from  the  Baku  rohneriea  in  bulk  by 
tank>stMiiien  to  the  mouth  of  tiie  Volga,  and 
thence  by  tank- barges  and  railway  tank- 
waggons.  For  f^hipment  abroad  the  keruiM.-n& 
W&8  formerly  transported  to  Batoum  by  railway 
tank- waggons,  but  within  recent  years  a  pijK'- 
Uno  for  the  oonveyauoe  of  it  tu  the  Black  iSca 
Imm  been  in  opemnon* 


GaUcla.  The  petrnlrum  industry  of  Ofilieia 
is  one  of  oonaidcraUu  antiquity,  for  the  uldu^t 
htotorical  reeovda  show  tbftt  the  oil  was  collected 
for  Tise  as  eartprcaso  from  very  early  times,  and 
aa  a  medicinal  ajOfcnt  Galician  petroleuai  wan 
held  in  high  repute,  tmder  the  name  of  'earth 
b«leMn,'  M  far  back  aa  1606.  In  1810,  or  between 
that  year  and  1818,  oil  from  the  Ihohobycz 
distriet  Is  snid  to  have  Ix-en  tli.stille<l  hy  Heclccr 
and  Mitis  in  a  small  refinery  at  Kabicza,  and 
the  ^Todnet  to  reported  to  have  been  tuwd  for 
lightmg  the  Alstetterin.:  in  Prague.  Refining 
does  not,  however,  ap|x>ar  to  have  been  generally 
praottoed  mttil  1852,  when  a  mannfeotarer  of 
cart^rease  named  Sohreiner  took  some  of  the 
liquid  condensed  on  the  cover  of  u  vc*isel  in 
which  he  liad  heated  thecrudooil  to  an  apothecary 
of  the  name  of  llikotoeoh,  wfaote  iwstotent«, 
LnknieKriex  end  Zeh,  treeted  the  dtotObte  with 
sulphuric  aeld  and  eauHtic  soda,  and  obtained 
a  burning  oil  of  such  excellence  that  rcnewtxl 
attention  mw  directed  to  the  aubject.  In  the 
following  year  Galician  petroleum  replaced 
caudlcd  for  litrhtinff  the  station  of  the  Emperor 
Ferdinand's  North  Railway,  and  in  18M  it 
obtained  a  footing  M  an  article  of  oommefve  in 
Vienna. 

The  Calician  oil-depisits  extend  for  a  length 
of  about  220  miles,  with  a  width  of  40  to  (M) 
miles,  in  a  general  north-westerly  and  tovth- 
caHterly  direction  along  the  northern  j n  -  of  ! 
the  (Jar{Hkthian  mountains.  The  uiiexpluiled 
deposits  in  Bukonina  and  in  Traneylx  aiua,  and 
the  highly  ini)X)rtant  and  rapidly  developing 
oil-fielwi  of  liouraania,  occupying  the  south- 
eastern and  southern  sloix^s  of  the  Southern 
Gsrpathians  or  Transylvanian  Alps,  may  be 
regarded  as  an  extension  of  the  Gralician  deposits. 

The  earliest  systematic  exjdnilaJ ion  of  the 
petroliferous  lands  of  Ualicia  was  commenced 
in  1884  hi  the  Bobrlea  district,  between  Krosno 
and  Dukla  ;  but  the  wells  were  nu  rely  shallow 
baud-dug  shaft«,  which  yieldcii  no  great 
qnaotitv  of  oil,  and  it  was  not  untfl  many  years 
later,  when  drilling  hy  Hteam-power  wa^  ftdf)pte<l, 
that  the  production  assumed  commercial  im- 
portanee*  To  Messrs.  Bergbdm  and  MaeiSarTey 


the  credit  is  due  of  having  laid  the  foundation  of 
the  present  Cialician  petroleum  industn  by  the 
introdaotion  of  the  Canadian  system  of  drilling 
in  the  year  18^'*.  Tlii^  y-t^ m,  which  differs 
mainly  from  what  m  kiio^^n  an  the  AmtiHcan 
system  in  the  use  of  wooden  rods  instead  of  a 
cable  for  the  Runpension  of  the  drilling  tools, 
was  found  as  Huituhle  for  Galicia  as  it  had  proved 
to  t>e  for  Canada,  and  for  many  years  the  only 
alteration  made  ia  it  was  to  increase  the  weisM 
of  the  tools;  but  latterly  the  much  grcMer 
depth  of  the  wells  ha.s  Ud  to  the  employment 
of  a  combination  of  the  rod  system  with  a 
wiremable  system.  The  ehief  centre  of  the 
petroleum  industry  of  Galicia  h  the  prolific 
Tust-iinowioe-Borysiaw  held,  which  yields  a  very 
large  proportion  of  tbe  total  output.  Many  <n 
the  welis  here  excee<l  1000  metres  in  depth,  and 
are  cost  iy  to  ilrill,  but  tio  wing  wells  are  frequently 
obtained,  and  the  production  of  these  is  so  large 
that  heavy  expenaiture  in  drilling  is  justified. 
The  omde  oil  to  of  good  quality,  and  yielda 
all  the  usual  oonunecoial  fn)dnota»  inohiding 
parathn  wax. 

The  world's  supplies  of  oioikerite  are  mainly 
obtained  from  the  lioryslaw  mines.  The  ozo- 
kerite deposit,  whiuh  is  unique  iu  cliaracter, 
extends  over  a  pear-shaped  area,  the  richest 
part  of  which  is  only  about  62  acres  in  extent, 
and  ia  mined  by  means  ot  shafts  and  drifts  or 
galleries.  It  occurs  in  veins  of  varying  thick- 
ness, and  is  mined  by  picks.  Tike  ozokerite 
to  obtained  partly  in  fragments  of  nearly  pnra 
material,  but  more  largely  in  admixture  with 
the  matrix,  from  which  it  is  separated  by  hand- 
picking  or  sorting  and  bv  the  use  of  hot  water, 
a  further  yield  being  obtained  by  the  use  of 
benzine  as  a  auivent.  The  crude  ozokerite, 
which  is  of  dark  greenish-brown  colour,  and 
about  as  hard  as  beeswax,  is  melted,  cast  into 
blocks,  and  delivered  to  the  refineries,  where  it 
is  treated  with  N  i  Uuiusen  oil  of  vitriol  and 
afterwards  with  charcoal.  The  jpucified  and 
partly  deealonitod  material,  whMh  to  known 
n  -  (  rt  t  flin,  haa  a  m.p.  of  61°  to  78°,  and  is  largely 
employed  as  an  adulterant  of,  or  even  as  a 
substitute  for,  beeswax  in  the  manufacture  of 
church  candles.  For  the  production  of  the  sub- 
stance of  which  ordinary  candles  of  high  melting- 
point  are  made,  the  ernde  oaokerite  is  subjected 
to  distillation  in  a  current  of  miperheated  steam, 
when  about  60  p.c.  of  white  wax  of  a  m.p.  of 
140°F.  is  obtained.  The  by-pro<lucts  of  the 
disUUation  consist  of  light  oils  and  a  semi- 
acdid  sttbatanoe  similar  to  TaaeHne,  wluch,  after 
purification,  luis  been  used  by  l"i . m  h  perfumers  • 
m  a  substitute  for  lard  in  the  process  of  en- 
fleurage.  The  leddne  in  the  stills  consists  of 
a  hard,  black,  waxy  substance,  which  when  in- 
corporated with  indianibber  and  subjected  to 
vulcanisation,  ^ieiUto  the  product  termed 
okonilet  used  in  coating  electrical  cables. 
Okonite  is  not  only  a  good  insulator,  but  is 
remarkably    flexible    and    tough.     From  the 

residue  a  '  heel-bail,'  employed  to  impart  a 
black  pdished  surface  to  the  heelB  and  aok ■  of 

boots,  and  to  the  lrather*work  ot  hamets,  to 

also  made  (v.  UisoKKiuTK). 

Hungary.   The  oil  fields  of  Hungary  geo> 

logifiilly  rcH«  Iiible  those  of  Galicia,  but  ihe  petro- 
liferous area  on  the  Hungarian  side  of  the 

Garpathian  raag»  to  eompaiativdy  aairow,  and 
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h&s  not  as  yd  aaramed  any  gveat  indnstrial 

iiupurtauoe. 

liountutiia. 

Ab  already  atated,  the  potroHfcmnu  region 

of  Boumania  may  be  regarded  us  an  extoubion 
of  that  of  Golicia ;  it  is  also,  doubtless,  con> 
uc<jt<.d  under  the  sea  with  that  of  the  Oaaoaana* 
The  Boumaiiiau  deposits  may  be  traced  by  the 
outcrop  from  tho  Galician  frontier  tu  the  Iron 
Gates,  a  distance  of  about  400  miles,  and  the 
width  of  the  belt  is  from  15  to  20  niilea. 

The  use  of  the  '  Hquid  bitumen  '  of  lloumaaia 
as  a  medicine,  ati  an  illuminating  agent,  and  as 
•  lubnoaat»  was  mentioned  by  the  traveller 
Baioevieh  in  1760,  but  the  eadetenoe  of 
I>i{.s  iuul  timbered  band-dug  shafts  of  great  ago 
attests. the  fact  that  petroleum  wassystematicaUy 
oollaoted  in  Hie  oountry  long  befrae  that  date. 
For  many  years  after  the  introduction  of  drillinj: 
by  steam-power  iu  Ualioia  the  petroleum  ol 
Bonmania  was  still  obtained  in  tlus  primitive 
fashion,  and  the  <}pvrlopTnont  of  the  industry 
was  retarded,  but  similar  methods  are  uow 
adopted  in  both  countries. 

The  ej^an^n  ol  the  industry  has  bew  rapid, 
and  Uda  fair  to  ootstrip  that  of  the  corre- 
sponding industry  in  Galieia.  The  principal  pro- 
ducing territories  are  in  the  distriote  of  f  rahova» 
DimboWtaa,  Baeau,  and  Bnaeo,  and  of  iheae  the 
fltet-named  has  hitherto  been  the  most  important. 

The  crude  oil  is  of  exoellont  quality,  and  in 
ceqMOt  of  the  yield  of  the  more  ydatile  products 
occupies  a  position  midway  between  those  of 
Pennsylvania  arid  liaku  oils.  The  manufacture 
of  fuel  oU  from  the  Roumanian  crude  petroleum 
is  vMy  largely  carried  on,  although  the  residuum 
la  alio  oonvierted  into  lubricatii^  oils  to  a  con- 


Bvmalm,  JBomeo,  ond  Jam,* 

Sumatra.  The  development  of  the  oil-fields 
of  Sumatra  dates  from  1886^  when  a  flowing  well 
waa  oomi^eted  on  a  oonoMuion,  granted  two 

years  previously,  in  Langkat,  North  Sumatra. 
Id  i8lK>  tile  lloyul  Dutch  Company  was  formed 
to  exploit  another  concession  of  cdl-bearing 
lands  in  Langkat,  and  this  company,  bewide.H 
drilling  a  number  of  wells  during  the  ensuing 
I'lM  ur  six  years,  erected  a  refinery  on  the  Bay 
of  Aru,  and  laid  a  pipe-line  to  oonvey  the  crude 
oil  from  the  w«IIa  to  the  refinery.  The  company 
also  acquired  and  worked  concessions  in  other 
districts,  including  I'erlak,  in  the  Atchin  Besi- 
denoy,  where  highly  productive  spouting  weUe 
were  drilled,  and  Palembang,  South  Sttmatra. 
In  lb97  the  Sumatra  Palembang  Petrokum 
CSompax^  was  formed,  and  thia  company  in 
the  course  of  the  next  few  years  olitained  a 
lajrge  yield  in  the  Pulom  bang  district  of  oil  of 
low  Kpocitic  gravity  (0-765  to  0-776),  for  the 
transport  of  which  a  pipe-line  was  laid  to  a 
refinery  erected  on  the  nrer  Lalang.  In  the 
same  y<-ar  (1897)  a  third  companv,  tliu  Mfjeara 
l^nim  (  V.nipany,  waa  formed,  to' work  conces- 
eiona  on  tim  River  Enim  and  elsewhere  in  Paleni> 
bang  and  drilled  a  large  number  of  wells,  mrtny 
of  which  were  '  spoutvrs '  yielding  from  4UU  to 
800  torn  (bily  of  oil  of  ap.gr.  0*7fMS.  This 

'  The  Bataofscbe  Petroleum  ^fa.u -riiiii)]>i;,  of  iiie 
Hague,  now  omi  or  control  all  the  p«truieuui  pruduc- 
tton  In  tto  DatehBasfe  ladlee. 


company's  refinery  wa-s  built  on  thr  ^Tu  i,  .3 
uiUoa  below  the  town  of  Palombaug,  uuu  ilif 
distillation  of  the  crudo  oil  was  conducted  on 
the  continuoaa  principle.  In  1901  a  fifth  com- 
pany, the  Moea  Iht  Company,  was  added  to 
the  list,  and  commenced  work  on  lands  situated 
on  the  right  bank  of  the  MusL  The  oil  obtained 
here  from  spouting  wdls  had  a  sp.gr.  ol  0*612 
to  0-889.  't'lio  company  laid  a  pipe-line  to 
Palembang,  where  a  rehuery  was  built.  The 
prominent  featnre  of  the  Sumatra  petroleum  ia 
the  large  percentage  of  spirit  yielded  on  dis- 
UUatioQ.  This  spirit  has  become  a  very  im- 
portant article  of  commerce,  and  its  importation 
into  Great  Britain  has  been  of  the  greateet 
service  to  the  automobile  industry,  ae  the 
supplies  of  motor  spirit  woiild  otherwise 
been  inadequate  to  meet  the  rapidly  growing 
demand. 

Borneo.  T!ve  pioneers  in  petroleum  develop- 
ment HI  iiorneo  were  the  iShell  TransjHjrl  aud 
Trading  Company,  who.se  properties  •ttero  trans- 
fers 'I  to  the  Kedcrlandsch-lndische  Industrie 
en  iiaudel  Maatschappij.  The  territory  over 
which  the  company  acquired  exploitation  rights 
is  situated  on  the  southern  half  of  the  east  coast 
ct  Borneo,  and  has  an  area  of  500  or  600  8qnM« 
miles.  It  is  bounded  on  the  north-cast  by  the 
Kutei  or  Mahakkam  Kiver,  and  it  extends 
towacda  the  aonth  to  Balik  Papan  Bay,  but  it 
embraceE  also  a  strip  of  land  on  the  bouth  of  the 
bay.  Drilling  operations  were  commenced  in 
December,  1806^  but  were  not  actively  oacried 
on  until  a  year  or  two  later.  The  company  ha« 
drilled  a  large  number  of  wells,  of  which  tho 
maximum  depth  is  about  1600  leet,  and  many 
of  these  have  been  flowing  wells  yielding 
abimdantly.  The  crude  oil  at  first  obtained 
at  shallow  depth  waa  an  aspiialt-base  petroleum 
ot  iugh  spoGifio  gravity,  but  subaequenth^  a 
lighter  oil  of  the  aame  oharaoter  waa  obtamed 
at  greater  depth,  and  still  later  a  paraflBn-bape 
oil  of  high  commercial  value  was  louncL  The 
company  s  refinery  is  bituated  on  the  northeni 
shore  ol  Balik  Papan  Bay,  The  asphalt-base 
petrulcum  of  Borneo  gives  a  iargevield  of  excel- 
lent fuel  oil,  and  from  thn  paMfnn-ba^  petro- 
leum all  the  omial  oommeroial  pvoduots*  inoind- 
ing  paraffin  wax,  are  obtained. 

Java.  The  jx'trolcum  industry  of  Java  owes 
it>s  jncuption  to  the  enterprise  oi  the  brothers 
Stoop,  whose  interesta  were  acquired  by  the 
Dordtschc  Petroleum  Maats  hnppij  ;  since  the 
year  1880  the  industry  has  been  rapidly  pro- 
gressive, and  now  occupies  an  impoftailt 
position.  The  chief  producing  t-errilor>'  i?* 
bituated  due  fcoulh  and  south-west  of  the 
town  of  Surabaya,  but  there  arc  al.so  prolific 
deposits  in  the  residency  of  Bern  bang.  The 
depth  of  the  weUa  range  from  600  to  800 
feet,  and  the  drilling  is  chiefly  done  by  the 
water-fluah  system.  The  average  production 
of  the  weUa  is  not  large,  bat  the  yield  is 
satisfactorily  maintained.  The  crado  oil  has 
a  sp.gr.  of  0-82^)  t  >  0  OIG,  and  it  yields  a  large 
proportion  of  Si  lid  hydrocarbona  (paraffin)  of 
unnaually  high  melting-point. 

Br'ili.sJt  India. 

Burma.  At  the  end  oi  the  eighteenth  centuri^- 
Major  Syuies  de<icribed  the  petroleum  wells 
.6  milea  east  of  Yenangyanng,  on  the  Inawadi. 
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as  supplyuiff  '  the  vhole  Empiro  and  many 
parte  cl  liuSa  with  tliat  awful  product.*  At 

that  time  the  oil  was  ubtuincd  hy  tho  natives 
from  cumparaiivei^'  bliaiiow  hund-dug  woUh, 
but  sinco  1891  dnlling  operations  have  been 
actively  conduct<.(!  in  Ma  .mri  t.ther  districts 
by  the  Burmah  Oil  Compiuiy,  Ltd.,  a  British 
orguni.satiun  w  liich  was  the  pioneer  in  the  present 
petroleum  industiy  of  Banna.  Tha  jprincipal 
yield  it  ot>tainMl  from  the  Kliodmmg  field,  im- 
mediatoly  adjoining  the  aroaa  on  which  tho 
native  welU  were  dug  ;  but  oil  10  aim  found  at 
Singa  and  at  Tenangyat,  respectively  about 
25  miles  nearer  to,  :\nd  25  mUes  further  from, 
Rungoon.  Tho  Khudoung  (Yenangyaung)  crude 
oil  has  a  Bp.gr.  niogiiig  firom  0-737  to  0-899.  and 
oontains  so  large  a  proportion  of  snlid  {lyrlrn- 
carbons  that  it  soUditica  in  cool  woathtr.  ilic 
Singu  oil  has  a  8p.gr.  ranging  from  0-731  to  0-904, 
and  the  YenangratoU  iBQging  from  0'770toO'890L 
The  wtlBa  aMTdiilled  by  1^  American  system. 
Formerly  thf  crude  oil  was  convoyed  by  bulk, 
barges  on  the  Irrawadi  to  the  refineries  at 
Rangoon,  but  the  Bnrmah  OH  CSompanv  has 
recently  completed  a  pipe-line  275  miles  in 
length  from  the  fields  to  the  refineries.  The 
company  is  under  contract  to  supply  tile  British 
Admiralty  with  oil  fuol  for  the  Navy,  and  has 
expended  a  large  hum  uf  money  iu  making 
ptovision  for  this. 

Aasam.  The  Assam  Oil  Company.  Lld.»  has 
acqoind  the  petroleam  interests  of  the  Assam 
Rjiihvayw  and  Trading  ComiMiiiy.  Ltd.,  and  the 
Assam  Oil  Syndicate,  Ltd.,  and  is  continuing 
the  work  of  development  carried  on  by  those 
companion  in  the  f)igl>oi  field  with  uniformly 
succeswfid  results.  The  company  hait  a  re- 
fiju  ry  w  here  all  the  woul  commercial  product«, 
inolttding  paraffin  wax,  are  manufaotuied. 

The  Mexican  Eagle  Oil  Company*  Ltd.,  own 
lurge  areaa  of  proved  petroUfenms  lands,  and 

three  fields  are  at  present  ^»eing  exploited  at 
Tangui jo,  Tierra  Amarilla,  and  Potrero  del  Llano, 
in  Northern  Vera  Crur.  Fuel  oil  from  these 
fields  is  now  being  supplied  to  tVr^  ^fexi(-an 
Railway,  the  Tehuantepac  National  iiAilwuy, 
and  Various  steamship  companies,  and  the  crude 
oil  is  also  shipned  to  tho  company's  refinery  at 
Mlnatitlan.  Hieoompany  has  recently  acquired 
the  oil  intere.sta  of  the  lirin  of  S.  rear>roii  und 
Son,  Ltd.,  vho  for  some  years  have  syste- 
maticaliy  explored  the  bfehann  region,  where 
they  have  several  hundred  thousand  acres  of 
petroliferous  lands.  Several  other  oompanies 
are  &\so  taking  part  in  the  deralopment  of  the 
Mexican  petrokum  indu.stry. 

An  illastriitiou  of  tho  diflScultieji  aiid  dis- 
appointments met  with  in  tho  exploitation  of 
oil  lands  is  famished  by  the  following  par- 
tfouhuni  of  a  well  drilled  at  Dos  Bocas  tn  1908. 
This  well  had  reached  a  depth  of  1824  feet, 
when  a  petroliferous  formation  charged  with 
oil  under  iinnKaue  pressure  was  snddenly  and 
unexpectedly  jx-netratod.  In  Ic-^s  than  twenty 
minute  the  ground  round  the  well  began  to 
tremble  and  fisHUres  appeared,  some  at  a  distance 
of  as  much  as  250  feet  from  the  well,  from  which 
oil  and  pa.^  were  discharged.  One  of  these 
tLs.sur<'.H  i  xtcndiMl  under  the  boiler,  and  tho  gas 
was  ignited.   Tho  well  burned  for  68  days. 


daring  which  time  the  oil  ooneomed  was  ^ti- 
matea    to    have    amounted    to  3,000,000 

1  re  I^.  The  flnnie  reached  a  height  of  nearly 
L'Aji)  feet,  &nd  at  the  broadest  part  had  a 
diameter  of  nearly  000  feet.  So  bright  was  the 
lifjht  emitted  that  a  newspaper  was  read  by  it 
at  a  distaucu  uf  11  milea.  In  addition  to  oil 
and  gas,  the  well  discharged  immense  quantities 
of  water,  at  times  at  the  estimated  rate  of 
1,500,000  barrels  a  day,  and  with  the  liquid 
about  2,<)00,(>00  tons  of  ttolid  matter  wa.s  ejecte<l, 
a  crater  beingthus  formed  which  ultimately  had 
an  are*  of  117,600  square  nebres.  The  fire  WM 
eventually  extingui.-jhed  by  pumping  mnd  jaUt 
the  crater  with  centrifugal  pumps. 

The  output  of  petrolemn  in  Ikxico  israpidlv 
inrrr'Hing,  and  that  country  is  now  third  in  rank 
among  the  oil'fNroducing  oountriee  of  the  world. 

Japan. 

Tbo  Japanese  oil-fields  extend  from  the 

western  shon-  nf  Saghalin  in  the  north,  through 
the  wutiteni  pari  uf  the  highlands  of  Hokkaido, 
and  along  the  coast  of  tho  Sea  of  Japan,  and 
thence, traversing  the  provinces  of  Mut.-u,  V^i\ 
Utzen,  Echigo,  and  Shinano,  reaeh  to  the  euust 
of  the  Pacific  Ocean  in  the  province  of  Totomi  in 
the  Boath.  There  is  also  an  oilfield  in  the 
northern  part  of  the  west  ooast  of  FonnoM. 
The  chief  centre  of  the  indu.stry  is  in  the  province 
of  Eobigo,  which  produces  about  ^ti  p.c.  of  the 
total  output  of  petroleum  in  Japan.  The  usual 
depth  of  the  wells  is  from  600  to  1200  feet, 
and  the  American  system  of  drilling  is  em* 
plo3red. 

Oermanij. 

Petroleum  is  found  at  Wietze,  Steinfdrde, 
Oelheinit  and  elsewhere  in  the  kingdom  of 

Hanover;  at  Lobsann,  Pechelbronn,  Sdnvrib- 
woiler,  and  elsewhere  in  tho  neighbourhood  of 
lia;:<-riau,  in  Loww  ELsa.s.H,  including  Altfciroh, 
in  Upper  Elsaflp  ;  and  in  tlic  Tepeni.'»ee  district 
in   Bavaria.    The   crude  oil  of   the  Wietze- 

I  Stcinforde  di.ntrict  has  a  sp.  gr.  of  0-890  to  0-930. 

'  The  epuer.  of  the  Uagenau  oil  ia  0*87%  and  that 
of  the  Tegenuee  oil  m  O'Slt. 

Peru. 

The  petroliferous  region  of  Pern  extends 
about  250  milse  in  a  northerly  and  southerly 
direetion  between  the  town  of  Tumbez,  on  tlw 
Gulf  of  Gua\aguil,  and  Point  .Aj^uja,  and  al)Out 
150  miles  east  and  west,  from  the  Pacific  coast 
to  the  alopee  of  the  Andee.  The  northern  flelde^ 
which  are  in  tho  prnvincc  of  Tumbez,  stretch 
from  the  Zaruuuila  River,  which  divideis  Peru 
firom  Ecua<lor,  to  the  Miancora  gully.  The 
central  lleldH  comprise  a  part  of  the  pro\inoe 
of  Paitii,  and  extend  from  the  Mancuru  gully 
to  tho  south  of  the  Silla  dc  Paita  and  Foca  point. 
The  southern  fields  ue  sitnated  in  the  nrovinoe 
of  Piura.  The  petroleum  found  in  the  hadenda 
Mina  Erca  aiul  PariKa*.  which  lies  in  the 
central  portion  of  the  petroliferous  zone,  was 
utilised  by  the  Inoas  for  centuries,  and  in  the 
time  of  Pizarm  it  was  collected  in  trnichrK  and 
cunvurtod,  by  boiling  it  down,  itiiu  a  pitch  of 
excellent  quality,  eniploye<l  to  line  the  porous 
earthen  jars  in  which  the  Peruvians  kept  and 
tran sport etl  their  fermented  liquors.  In  1867, 
Mr.  Prentiee,  a  I'l mi  \  Ivanian  jx;trolcum  pro- 
I  duccr,  commenced  drilling  wells  in  the  Zorrito* 
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field,  at  the  northern  end  of  tlio  belt,  and  I 
8ul>8equcntly  di;s|)<)s«'«i  t>f  (he  property  to  the  I 
Faiistiiif  (5.  I'iiii:.ii>  rctnilcuni  ConipHny.  ■ 
Thr  crude  oil  has  a  ur.  ol  1I-«10  to  U-H40,  and 
is  rich  in  the  more  volatile  hv<lrocarl)ons.  In 
1888  tho  hacieada  La  Mioa  JBrea  ood  fWilkas 
was  acquired  by  Dr.  Twvddle,  and  the  London 
and  Pacilic  Petroleum  Coni]iaiiy  wis  fmined. 
The  area  of  the  property  is  bOU  square  miles. 
The  crude  oil  has  a  sp.  gr.  of  0*834  to  0*848^  and 
yields  as  much  as  IS  p.c.  of  l)cnzine.  The 
I»hitos  Oiltieldti,  Ltd.,  is  a  British  company, 
tcjriued  in  1908  to  acquire  the  properties  of  the 
Peniviun  Petroleum  Syndicate,  Ltd.  The  com- 
pany's Lobitos  proiierty  comprises  an  area  of 
about  25  square  miles  on  which  a  laree  number 
of  productive  wells  have  been  drUled.  The 
company  also  has  driUimt  rights  on  *  fnrtiier 
45<i()  acres  in  the  Punt  a  fiestUl  oilfield,  »bont 
13  miles  north  of  Lobitos. 

Oamada, 

Oinadian  petroleum  has  been  obtained 
hitherto  only  in  the  province  of  Ontario,  althov^h 
it  ooonrs  in  other  parts  of  the  dominion.  Tao. 

pi  t rulifrrous  rejjicn  of  Ontario  has  an  STM  ol 
about  lUO  miles  by  50  miles,  bat  the  developed 
territory  is  mainly  confined  to  a  belt  16  miles 
by  2  miles,  situated  nlniut  10  miles  east  of 
Saniia  an(i  exteiuiuig  nearly  paralki  with  the 
St.  Clair  River.  The  sinking  of  wells  in  tho 
£nniskillen  district  began  in  1801,  and  the 
petroleum  indust  ry  in  Canada  is,  therefore,  almost 
equal  in  age  U)  tliat  of  the  Unitetl  States. 
Although  many  of  the  Canadian  wells  have 
-yieldealargely  at  first,  their  output  has  in  most 
instances  quickly  dimini8he<l,  and  tin  ]in»duc- 
tion  is  moiuiy  obtained  from  a  large  number 
of  wells  yielding  only  a  few  gulions  each  daily. 
Natural  gas  is  also  found  in  Ontario,  and  is 
utilisi  <  1  as  a  source  of  light  and  heat.  The  largest 
area  over  which  petroleum  indications  occur  in 
Canada  lies  in  tho  region  of  the  Athabasca  and 
Mackenzie  rivers,  in  the  north-west  part  of  the 
dominion,  where  imnieuM-  dejxisits  occur  of  so- 
called  '  tar  sands,'  a  line-gramed  sandstone,  satu- 
rated with  inspissated  ^troleum.  It  has  been 
estimated  that  the  bituminous  sands  'in  sight  ' 
amount  to  28'4  cubic  miles,  and  that  they 
contain  8*5  onbio  miles*  or  4,700,000,000  tons, 
of  bitumen. 

New  Brunswick.  The  Mantimo  Odiields 
Oompany,  Ltd.,  arc  otatying  out  drilling 
operations  under  a  concession,  of  an  excep- 
tionally favourable  oharaoter,  granted  by  royal 
charter  in  1IKX>,  which  ^^ave  the  ri^iHt  to  search 
for  oil  and  gas  over  an  area  of  18,000  square 
miles  and  to  seleet  10,000 square  miles  (more  thim 
<me«third  of  the  an  a  of  the  province).  The  aVM 
selected  is  situated  in  the  counties  of  Westmore- 
land. Allnrt.  King's,  Queen's,  Sunbury,  Kent, 
Northutnlxrland,  ( lloueester,  Restigouche,  and 
a  portion  of  York,  ami  is  traversed  by  several 
antiolinals.  on  one  of  which,  in  Westmoreland 
county,  wells  have  been  drilled  sucocasfully, 
a  large  yield  of  natural  gas,  in  addition  to  oil. 
having  iK'cn  obtaitied.  The  crude  jietroleum 
is  of  excellent  quality,  with  a  paralhu  base, 
and  yields,  in  addition  to  34  p.c.  of  kerosene,  a 
fuel  oil  of  hitdi  ealorifio  value,  containing  only 
0*14  p.c.  of  sulphur. 


lialy. 

The  oolleetH>n  of  the  petroleum  of  Hiano  di 

Medesano  was  the  subject  of  a  coneessioo 
granted  bv  tiie  Ducal  Chamber  in  14t)0,  and  the 
celebratetf  pi'trt)leum  of  Modeoa,-  ot  one  time 
largely  used  for  iindicinal  purix>ses,  for  lighting, 
and  in  the  prejwiration  of  varnishes  and  paints, 
was  (liHCt)vere<l  in  1640  by  ^Vriosto.  Tho 
potroleum  of  Montechmo  was  apparent^  not 
known  prior  to  the  craumnoement  of  the 
eighteenth  century,  whilst  the  deposits  of 
Outano  and  Kico  ili  Fomovo  did  not  attract 
attention  until  early  in  Uie  nineteenth  century, 
and  those  of  Ncviano  de*  Rossi.  SalsomaL't'icn'. 
and  Lesignano  de*  Bagni  were  found  still  later. 
Petroleum  from  the  wells  of  Amiano,  on  the 
Taro,  was  used  for  lighting  the  cities  of  Genoa, 
Parma,  and  Burgo  San  JA)nnino  as  carlv  as 
1802.  The  districts  in  Italy  in  whicli  )« i  n.Ieum 
is  found  in  commercial  quantities  are  (1)  the 
Bone  of  Emilia  ;  (2)  the  vallev  of  the  Bescara, 
in  the  province  of  Chieti ;  aiuf  (3)  the  valley  of 
tho  Liri,  near  San  Giovanni  Incarico,  about 
midway  between  Rome  and  Naples.  The  tone 
of  Euulia  occupies  the  southern  parts  of  the 
provinces  of  Piacenia,  Parma,  Modena,  and 
Bologna.  Some  of  the  Italian  crude  petn)leum 
has  a  Hpcci6c  gravity  as  low  as  0-805,  and  is  of 
amber  colour,  but  unfortunatelv  the  quantity 
hitherto  obtaiaed  has  been  smalL 

Other  sourcea  qf  siif»pi||r. 

In  addition  to  the  sources  specified  in  the 
tabular  statement  of  production,  and  some 
others  incidentally  describetl  in  the  preceding 
account,  there  arc  several  potentially  important 
petroleum-producing  countries  to  iHiioh  m> 
t  erenoe  should  be  nmde. 

Penia. 

Tho  occurrence  of  p<*troleun)  in  Persia  has 
Ijeen  mentioned  by  travellers  from  very  early 
times,  and  its  collection  from  the  pits  of  Kir  ah 
ur  Susiana  (Kirab),  57  miles  north-west  of 
Shust<»r,  was  fully  describ*'*!  by  Herodotus. 
The  {K'troleum  dejxjsits  extend  in  a  general 
south-easterly  direction,  from  the  Turco-Peraiaa 
frontier,  about  100  miles  north  of  Bagdad,  to 
the  Persian  Gulf.  In  tho  course  nf  siir\  t  ys 
oonduct«tl  a  few  ye«r8  ago,  spi'cially  favourable 
indications  were  foimd  in  two  districts,  one  at 
Zohab,in  lat.  34°  is'  N..  long.  45'' 55' E.. and  the 
other  near  Shuster  and  Aliwaz,  on  the  Karun 
River,  at  the  head  of  the  Persian  Gulf.  In 
1903-4  two  wells  were  drilled  at  Tchiah  Sourkh, 
near  Kosr-i-Shirin,  in  the  Zohab  district,  by 
Mr.  W.  K.  DWrey,  under  a  iniique  concession 
granted  by  the  Shah,  giving  petroleum  rights 
over  the  ^Ndiole  Persian  Empire,  with  the  excep- 
tion f)f  certain  provinces  on  the  Caspian  Sea. 
One  of  these  welb*  begon  flowing  at  a  depth  of 
800  feet,  and  the  other,  at  a  greater  distance 
from  the  crest  of  the  anticlinal,  reached  oil  at 
2100  feet.  'J'hc  crude  jxtrokMini  had  a  sp.  gr. 
of  0-815,  and  was  of  exceptionally  high  quality. 
Subsequently  the  Burmah  Oil  Company,  Ltd., 
became  associated  with  Dr.  D'Arc}-  in  the  eon- 
duct  of  the  development,  and  ilrilled  several 
highly  productive  wells  in  the  second  of  the 
two  aistriots  referred  to.  In  1900  the  Anglo- 
Persian  Oil  (V)mpaiiy.  Ltd..  was  formed  to  take 
over  the  concession,  and  has  actively  coutiiiued 
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thf  vmrk.  Tb«-  cornpAny  U  coiwtructinc  a 
refinery  and  laying  a  pipe-line.  It  may  nero 
be  mentioned  that  thu  Persian  petroleum  dopoBitB 
extend  into  Turkey,  Mui  that  very  prominng 
indioftlioiu  an  net  with  in  HeaopotMnia. 

The  oil  dcpoaitfl  of  the  Red  S«a  bave  been 
knn'n-n  from  time  immemorial,  hut  attention 
van,  miemnWy  directed  to  them  iiiiritig  the  latter 
part  of  the  luHt  century  by  the  aucccimful  resultti 
of  the  exploratory  vrork  carried  out  by  do  Bay 
at  Jebet-Zeit,  about  160  mileR  from  Sun,  and 
Jcmaah,  13  tiulcs  .'■onth  of  Jclxl-Z«  it.  In  1905 
tb»  JbS^ptjJUxPutroleum  Company,  Ltd.,  acquinxl 
•  oonoeaMon  om  a  Urse  area  at  Jetnaah. 
In  1907  the  Kjryptiiin  Oil  Trust,  Ltd..  look 
over  tho  conceesion,  and  drilknl  a  numlx^r  ul 
liil^lfy  pn>ducti%'o  wells.  On  a  portion  of  the 
area  thf  wfirk  hiis  Ix-en  continuctl  liy  the  Re<l 
Sea  Uiliiulde,  Ltd.,  which  wa«  formed  in  1010. 
The  Anolo-EgypiiiMi  CKlfields,  Ltd.,  the  manage- 
ment of  which  is  vested  in  the  Anglo-Saxon 
Petroleum  Company,  Ltd.,  had  recently  acquired 
t)u-  liccHHcri  and  iiHhetti  of  the  Egyptitin  Oil 
Trust,  Ltd.,  vitli  a  view  to  the  active  develop- 
ment of  the  field,  and  shifmients  ti  the  erade 
oil  have  already  ^H■f■n  niado.  I>rillin>»  op*  rations 
axe  also  bemg  conducted  by  tbeSmai  Petroleum 
Sjrndioftt^,  VUif  on  tiie  Smai  Baninmik. 

Trinidad. 

The  •  Pitch  Lake  '  of  Tnnida.l,  whkh  is  the 
moet  imiiorUat,  il  not  the  largest,  deposit  of 
solid  or  Memi>soltd  bitumen,  was  Tiiited  m  1596 

by  Sir  Walter  I'al(ijj;h,  who  n-jMirtod  fhftt  hv 
aaw  thort)  '  that  abundance  uf  Htout!  pitch  that 
aU  the  HhipH  in  the  world  might  bo  laden  from 
thence.*  Till"  arta  of  thf  (1<  ^lo^ilt  i.s  about  I(H» 
acTf»,«,  and  on  the  basib  of  an  ikvcra^^c  <lo^Hb  of 
20  fret,  the  quantity  of  the  material  uhtajnable 
haa  been  C8timat«d  at  over  3,000,000  tons. 
<jie«ner  atateM,  in  bin  Treatise  on  Coal,  Pet  ro- 
ll uin,  if.  (Ni  «  York.  IHOl),  that  it  was  from 
Trinidad  asphalt  that  he  tint  prepared  kerosene. 

PcttmlMm  apparently  oooun  over  a  great 
pirt  f  'H<-  -,outm'm  half  of  thr-  island.  Th<' 
tin»t  imjKjrtanL  conceHsion  of  oil-beartng  terri- 
tory waM  granted  mroe  yeans  ago,  on  the  ittitia' 
live  of  Mr.  Itiindolph  KuHt.  It  t  iiihracra  nnnrrn 
of  more  iimn  50  square  miles  ut  l^uav a<.'uay)in 
in  the  south-caHtem  comer  of  the  islatid.  Al- 
though the  early  drilling;  operations  wereattended 
with  mectm,  vtny  little  progrcfui  wan  made  in 
th«^  work  t>f  dt  \(  |opment  imiil  the  r<,tK<  ->inn 

Kwm-hI  into  the  hands  of  the  Cieueral  Petroleum 
opcrtiee  of  TriAidad,  Ltd.  Among  a  large 
numlfcr  of  other  onrnpnni<  s  nc  tifly  formed  to 
participate  in  the  exploratii/a  and  exploita(i<in 
of  tlie  oil  landit  of  Trinidad,  one  of  the  inoMt 
important  in  Trinidad  f)iHi<  Ids,  Lt<l.,  whi<'h 
acquired  the  rightH  over  hwah  in  the  (iua]io  an<i 
La  Urea  diHtrictM  on  which  succ-CKHful  n-MultH 
bad  elready  U^-n  obtained  by  the  Trinidad 
Petroleum  Oompany,  Ltd.  It  in,  however,  in  the 
neinhboiirhiMtdcif  thfPiti  h  r>akrihnt  t hi" j^ti  nt .  t 
progrees  im»  been  made.  Here,  through  the 
enterprne  of  the  Amefkaa  ooneeiwionairpM  of 
the  lak<'  and  thrir  a-'sociatet*.  n  nnni^«  r  <»f 
prolitit:  wuiln  haw.  I>»*u  drilled,  a  retmer^'  ha^ 
be«;n  built,  and  the  Hrflt  nhipment  of  the  oil  Was 
made  in  the  spring  ol  1911.  There  are  grounds 


for  hope  that  Trinidad  may*  become  an  important 
Hoarce  of  oil  fuel  for  the  British  Navy. 

Barbados, 

The  crude  petrolenm  oi  Barbados,  under  the 

name  of  '  Barbadou  tar,'  wan  formerly  nn  article 
of  commerce,  and  occupied  an  importuni  place 
aa  a  medicinal  agent.  It  was  obtained  from  a 
group  of  hand -dug  shaftH  known  as  the  Lloyd 
wcIIb.  m  the  Sootland  dii<trict  of  the  inland. 
Drilling  has  l)een  i-oiidu<l»d  in  this  district  by 
the  West  Indian  Oil  Syndicate,  Ltd.,  and  subse. 
quently  by  the  WMt Indian  Bstioleam  CX>mpany» 
Ltd..  but  on^  amaU  qnantitiea  of  oil  have  been 
met  with. 

Venezuela. 

The  petroleum  deposits  of  Venezuela  re* 
Hcmble  tnoHC  of  Trinitlad,  and  will  probably 
become  of  p;reat  commercial  import  ante,  'ihcrc 
are  many  hi;;hly  promising  petroliferous  areas 
of  great  extent,  and  in  the  otat^;  of  BermudeS 
there  is  a  depoait  of  aephalt  far  larger  than  tho 
Piteh  Lake  (rf  T^nnidad. 

Remarkable  indications  of  the  presence  of 
p«>tr<deuni  are  reported  to  occur  in  Colombia. 
.As  many  aH  40  petroleum  Hpringn  have  been 
toiiiid  at  a  (listnnec  of  1  to  3  miloslrom  the  (jSuif 
ul  t'raba,  utar  tin;  ^Vxb«>leteK,  one  of  which  in 
Haid  to  yield  enough  oil  to  till  a  six-inch  iiii>e. 
Other  springs  ooour  on  the  plain  of  Medina, 
aboat  9  miles  from  the  Rtver  Upia,  a  tributai^- 
of  the  Meta. 

Efttnilor. 

The  existence  of  petroleum  in  the  Santa 
Elena  distriet,  about  milcH  west  by  »outh  of 
the  port  of  Otinj'aquil,  haa  been  known  for  morr 
than  two  centurieii,  and  the  oil  has  from  very 
earl  v  t  unes  been  ooUeoted  in  a  primitive  faahkm 
for  iooal  use. 

Aryentina, 

On  the  cafltcm  blopes  of  the  Sieiras  of  the 
/Vndes,  and  elHcwhere,  there  are  )jroniisiiig  indi- 
cationH  of  the  ooounenoe  of  petroleum;  but 
although  in  some  looalitiea  oil  has  been  iouid 
in  quantity,  drilling  opeiatlona  have  not  been 
generally  suoceifbful. 

Hewjoundland. 
The  existmee  of  petroleum  on  the  west 

rna>t  {){  Newfoundland  haa  bet'n  known  for 
about  a  century,  for  it  was  in  1812  that  Mr. 
Pantonii,  after  whom  Parsons*  Pond  is  namfd, 
n.m!  the  rrtid'-  oil  of  this  district  ns  a  cure  for 
rljeuniatiHm.  Orillinu  operations  are  now  being 
conducted  at  Parsons^  Fond. 

A  Iwka. 

Several  wells  h  iv.  br  en  drilled  in  the  nei>,di- 
buurtood  of  Kutalhi  and  rxceUetit  results 
(ditHined,  in  n  sjx  c  t  alike-  of  tlie  iibundaneu  of 
yield  and  of  the  (|ualily  of  the  oil.  'i'he  pntducing 
li  rrilory  has  been  aequire«I  by  the  Anial^arnatrd 
iK'velopnient  (,'omi>any,  nn  orj^anisation  ni 
which  Canadian  tuipitalisis  are  largely  iutereiitid. 

A%  H'  Zealand. 

The  prineipal  indications  (iceur  (I)  in  the 
Taranaki  disfin'  "ri  t)ie  w<Mt  coast  nf  tin- 
island  at  How  Plymouth  and  on  the  adjacent 
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Sugar  Loaves  Isliintls;  (2)  on  tho  oast  coast 
along  a  belt  of  country  extending  from  Horoera 
Point,  near  the  Ea«t  Cape,  to  flu  Okal matin 
Bloofc,  30 mileH  west  of  Ui-sbomo  (I'ovtrty  Bay) ; 
and  C?)  at  Kotuku,  m  ar  Lake  Brunner,  South 
Isliwd.  Wells  drilled  at  New  Plymouth  have 
yielded  petcolemn  of  ezoeOent  quality,  with  a 
8p.gT.  of  0-840,  and  containing;  a  largi-  pmjxirtion 
oif  solid  hydrocarbons.  The  exploratory  drilling 
carried  out  many  yean  previously  in  tlie  Poverty 
Bay  district  ^ras  not  attended  with  success,  but 
as  the  rtault  of  further  recent  study  of  the 
geological  conditions,  it  is  hoped  that  both  here 
and  in  the  Taxanaki  district  a  laise  oatpat  may 
OToitiially  be  obtained. 

Tm  Tannro  ov  Gbvdb  PmoEsmt  AMh  o» 

Pbtbolbum  Products. 

1.   Crude  petroleum 

Tho  examination  of  orude  petroleum  which 
the  chemist  ia  called  upcm  to  oondoot  in  the 
labozatoxy  for  commercial  purpofcs  usually 
inelndeB  the  estimation  of  water  and  sediment, 
the  ascertaining  of  the  specific  gravity,  flashing- 
point,  sctting-poiutt  nd  viscosity,  and  the 
determinatloQ  of  the  peroehtage  and  oharaoter 
of  the  products  yielded  on  fractional  distillation. 
The  test  zeoom  mended  by  Engler  gives  most 
OMful  infonnation  in  regard  to  the  oommeroial 
value  of  a  sample  of  crude  petroleum.  It  con- 
sists in  car(  fnlfy  distilling  the  oil  in  a  Wurtz 
flask,  and  noting  the  ]»ercentageH  of  distillate 
obtained  below  150*  F.  and  either  3(X)°  F.  if  the 
bydrooarbons  present  arc  mainly  those  of  thu 
methane  series,  or  I'Ho"  F.  if  they  are  principally 
naphthenesy  the  first  fractitm  oonsiBtiiig  of 
bensine  and  the  second  of  kenwene. 

The  natural  lubricating  oils  (crude  petro- 
leums) of  Pennsvlvania,  Ohio,  West  Vii|;inia, 
and  Kentucky  have  been  classified  by  the 
West  Virginia  Transportation  Comjwiny  accord- 
ing to  speoitiu  gravity,  and  aubjecUxi  to  the 
fouowing  test : — 

'In  receiving  and  making  delivery  of  oils 
shipped  by  the  company,  the  water  and  sediment 
Contained  therein  pfialfbe  fletermined  liy  mixing 
an  average  sample  with  an  equal  quantity  of 
bensine,'  and  subjecting  the 
in  a  graduate<l  glass  vessel  for  not  lesH  than  six 
hours,  after  which  the  mixture  cooIm  and  settles 
not  less  than  two  hours  for  light  grades,  three 
hours  for  A  grade,  four  liours  for  B  grade,  six 
hours  for  C  grade,  eight  hours  for  D  grade,  and 
eighteen  hours  for  hMvier  gndes.*  The  giades 
are  as  follows 

A.  87'1*  Bailing  (about  0*838  sp.gr.)  and 
lifter. 

B.  33*  to  37*B.  (0-859  to  0  flp.gr.). 

C.  31-6*  to  32'9*B.  (U  t>7U  to  0*869  8p.gr.). 
1).  30  6"  to  ;n'6*B.  (0-873  to  0-872  8p.gr.). 
£.  2»'6*  to  30-6*B.  (0-877  to  0-873  sp  cr.). 
P.  28-6»  to  2«-6''B.  (0-883  to  0-877  sp.gr.). 
G.  28-5»B.  (0*888  afkgr.)  and  heavier. 

Or<linary  crude  petroleum,  from  which  kero- 
sene and  the  other  usual  comraorcinl  products 
are  manufactured,  is  in  the  United  States  re- 
quired to  conforn)  to  the  following  rule  of  tho 
New  York  Produce  Exchange,  except  in  regard 

'  In  the  ca«e  ol  the  more  viRcous  dei>cription«  of 
petroleum,  thr  uTitec  iladi  that  furttuir  dUotioo  in 
desirable  i  Im  headae  ned  shoald  be  previously 
aatimt«d  with  H-ster. 


to  speotfio  gravity,  as  to  which  the  restriction 
has  been  relaxed,  m  oonKeqvenoe  of  the  fact  tb*t 

much  of  thcrniih-  pij  I  mn  now  obtained  has 
a  specific  gravity  Jiauuje  below  43*: — 

*  Oude  petroleum  shaU  be  nndentood  to  be 
pure  natural  oil,  neither  steamed  nor  treated, 
free  from  water,  sediment,  or  any  other  adultera- 
tion, of  tlie  gravify  ol  4So  to  48*B.  (0*808  to  0^86 

In  ordfv  to  determine  whether  the  petroleum 
is  a  '  pure  natural  oil '  a  sample  is  subjected  to 
fractional  distillation,  each  fraction  behu;  one- 
tenth  of  the  omde  oil  by  volume,  and  the 
specific  gravity  of  the  seviral  distillates  ia 
determined.  The  following  results  obtained  in 
the  examination  of  two  typical  samplce  indieato 
the  form  of  the  certificate  handed  to  the  boyer : 

ir.*B. 

41*B. 
42*B. 


Oil  from  Parker  District.    Oravity  40* 


Ist  Product 
2nd 
3rd 
4th 


H 


72°B. 
62*B. 
57*B. 
63*B. 


6th  Product 
7th  „ 
8th  „ 
9th 


Oil  from  BndfdrdDidrkL  Clramfy  Anwn^. 


1st  Roduct 
2nd 
3cd 
4th 

5th 


71°B. 
60*B. 
54*B. 

49*B. 
45*B. 


OthPtodttct 
7th  „ 
8th  „ 
9th  „ 


41*B. 
40*B. 
41*B. 
4ra. 


The  regular  gradation  in  the  specific  gravities 
of  the  fractions  exhibited  in  tho  foregoing 
certificates  is  taJran  to  be  a  satisfactory  indication 
that  the  oil  is  a  nakiral  product. 

The  examination  of  a  sample  of  crude 
petroleum  with  the  object  of  asoertaininc  the 
percentage  of  oonmeroial  ptoduote  obtahianle  is 
not  fll\\-a\  ■<  an  ea.^y  operation,  especially  when 
the  quantity  availnlile  [a  smaU.  The  writer  is 
accustomed  to  conduct  the  fraetioiial  distillatloik 
in  a  glass  retort  embedded  in  sand,  and  to  com« 
pare  the  results  obtained  with  those  furnished  by 
samples  of  crude  petroleillD  the  yidd  of  produotB 
from  which  on  the  oommerotal  scale  is  ^own, 
but  even  in  these  circnmstanees  some  experi- 
ence is  neede<l  in  certain  casc«.  Tho  difficulties 
enoounterod  arise  from  the  circumstances  that 
in  piaotioe  in  the  United  States  some  of  the 
intermediate  hydrocarbons  are  'cracked,'  and 
thus  converted  into  kerosene  to  a  iai^cr  extent 
than  usnally  occurs  when  tho  distulatkm  i» 
conduct cri  in  n  fsmall  retort  in  the  laboratory,  and 
that,  oa  the  other  hand,  the  heavy  hydrocarbons 
composing  the  lubricating  oil  are  less  *  cracked  * 
when  properlv  distilled  with  the  aid  of  steam  on 
the  large  soafe  than  when  distilled  on  the  small 
scale.  The  determination  of  the  ]>orcentage  of 
solid  hvdro<»rbons  is  also  attended  with  oon> 
siderabledilBeultieewhen  thequantityof  material 
operated  upon  is  small.  In  every  ca.«;c  tho  aim 
should  be  to  reproduce  as  far  as  possible  the 
eonditions  of  praotieal  working. 

2.  Petrohwn  epiril.  " 

In  the  testing  of  petroleum  spirit,  includiiig 
petrol,  gast»line,  benrine,  &c.,  it  is  usual  to 
determine  the  specific  gravity  aiul  range  of 
boiling-points,  and  it  is  generally  desirable 
to  make  a  fractional  distillation  of  the  sample 
in  order  to  ascertain  the  peroaatage  boQuig 
below  a  aeriea  U  temperatuxca 
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by  rojxuiar  intervals.  lUU  c.c.  should  be  diii-  i 
tilled  from  a  Wurtz  flusk  which  ia  supported  on  j 
a  aand  dish  and  hua  the  following  dinieuHioUH  : — 

Uulb  21  iiiM.  in  diuinuter ;  neck  }  ins.  in 
diameter,  5|  in».  long ;  exit  tube  2^  ins. 
above  shoulder.  The  tube  of  the  Liebig  con- 
denser etnpl<jyed  is  2-i  iaa.  long.  The  thermo- 
meter having  Ijcen  adjusted  with  its  bulb  at 
first  just  immersed  in  the  liquid,  is  gradually 
rained,  as  soon  as  ebullition  becomes  active,  so 
that  it«  bulb  is  slightly  below  the  rising  level  of 
the  vapour  (which  can  be  seen  with  a  strong 
illumination).  The  temperature  at  which  the 
tint  drop  falls  from  the  end  of  the  exit  tube  of 
the  flask  is  taken  as  the  initial  boiling-point  of 
the  sample.  The  percentages  collected  in  a 
lUO  c.c.  meariuru  gla.s.4  at  ditfurent  thermometer- 
readings  are  recorded,  together  with  the  tinal 
boiling-point,  or  temperature  at  which  the  flask 
becomes  dry.  I>oodorised  American  petroleum 
spirit  should  have  no  diimgreeable  odour  either 
in  bulk  or  when  evaporated  on  the  hand.  A 
small  quantity  evaporated  in  a  basin  over  the 
water- bath  should  leave  no  oily  residue.  When 
petroleum  spirit  is  used  as  a  turpentine-substi- 
tute in  paints  it  is  important  that  it  should 
contain  no  sulphur  compounds.  For  the 
detection  of  the»e  the  sample  may  be  boiled  for 
a  few  minutes  with  alcohol  and  a  few  drops  of 
ammonia,  and  nitrate  of  silver  solution  then 
a<ld»'d,when  there  should  Iw  no  brown  colouration. 

Tile  presence  of  sulphuric  acid  may  be  de- 
tected by  agitating  the  spirit  with  warm  water, 
separating  the  water  (which  should  exhibit  no 
acid  reuction),  and  a<lding  tu  it  a  fuw  drops  of 
barium  clilorido  solution. 

3.  Kerosene. 

For  ordinarj-  commerciid  purposes  the  only 
characteristics  wluch  are  noted  in  the  examination 
of  kerosene  are  the  colour,  the  odour,  the  specific 
gravity,  and  the  flashing  point  or  tire-test.  In 
certain  cases,  however,  special  tests  are  applie<l 
with  the  object  of  ascertaining  whether  the  oil  is 
of  satisfactory  burning  quality,  is  of  natural  com- 
position, has  been  properly  treated  with  acid,  has 
been  sufficiently  washed,  and  is  free  from  sulphuric 
acid,  suiphonatcM,  and  sulphur  in  other  forms. 

(a)  Colour. — Formerly  it  was  the  practice  to 
e.Htimjite  the  colour  of  a  sample  by  comparing  it 
with  that  of  a  standard  sample,  the  two  oils 
being  placed  in  bottles  of  the  same  size.  Such 
a  metluxl  did  not,  however,  admit  of  an  accurate 
comparison  being  mode,  and  in  the  year  187U 
the  writer  adopted  the  plan  of  placing  the 
samples  in  long  glass  cylinders  which  were  held 
in  a  frame  in  such  manner  that  the  images  of 
the  glass  bottoms  of  the  cylinders  could  be  viewed 
side  by  side  in  a  mirror.  This  arrangement  was 
found  to  present  marked  advantages  in  the  case 
of  a  fluorescent  liquid  like  petroleum,  but  the 
system  was  open  to  the  objection  that  the 
standard  samples  were  very  liable  to  become 
alt^Tod  in  colour,  and  required  to  be  frequently 
verifio«i  and  corrected  by  experts.  Mf>rfover, 
the  (uloption  by  the  Petroleum  Association  of 
London  of  precise  conditions  of  contract  neces- 
sitated the  provision  of  a  more  accurat*^  und 
unerring  test  of  colour.  Accordingly,  the  (.'om- 
mittee  of  the  Petroleum  Association  decided, 
under  the  advice  of  the  writer,  to  employ  an 
instrument  devised  by  Mr.  K.  P.  Wilson  for 


use  with  stained  glo^s  standards.  This  appa- 
ratus (Fig  2),  wliich  has  admirably  fulfilled  the 
object  in  view,  ct)nHist3  of  two  similar  tubes, 
closed  ut  each  end  by  a  screw  cap  carrying  u 
disc  of  stout  glass.  Those  tubes  are  placed  on 
a  stand  at  a  convenient  angle  above  a  small 
mirror,  by  means  of  which  light  is  reflected  up- 
wards through  them.  At  the  upper  ends  of  the 
tubes  is  a  box  containing  two  pairs  of  prisms  so 
arranged  that  the  light  passing  from  the  mirrol 


Fio.  2. 

is  twice  reflected,  and  is  thus  brought  into  an 
eye-piece  surmounting  the  box.  One  of  the 
tubes  is  completely  tilled  with  the  sample  of  oil 
to  be  tested,  the  length  of  the  column  of  liquid 
being  sixteen  inches,  and  beneath  the  other  tube, 
whicn  remains  empty,  a  disc  of  stained  glass  is 
placed.  On  applying  the  eye  to  the  eye- piece 
the  circular  field  is  seen  to  be  divided  through 
the  centre  by  a  sharp  line  formed  by  the  junction 
of  the  prisms,  the  two  halves  being  tinted  to  an 
extent  c<irre8ponding  with  the  colour  of  the  oil 
and  that  of  the  standard  glass  respectively. 
The  gloss  standards  representing  the  various 
grades  of  colour  recognised  in  the  trade  are  pre- 
piirtnl  by  the  Tintometer,  Ltd.,  of  Salisbury.  Tney 
are  five  in  number,  and  are  thus  designated  : 

1.  Water  white. 

2.  Superfine  wluto. 

3.  Prime  white. 

4.  Standard  white. 

0.  G<xh1  merchantable. 

The  W'ilKon  chromomoter  admits  of  an  accu- 
rate comparison  being  made,  but  where  the  colour 
of  the  sample  lies  between  those  of  two  stan- 
dards, there  is  un  absence  of  precision  in  the 
statement  of  the  result  of  the  test.  This  is  not 
attended  with  any  practical  inconvenience  where 
the  instrument  is  simply  used  for  ordinary 
routine  work,  but  the  writer  has  frequently 
found  it  necessary  to  record  the  precise  colour  of 
a  sample,  or  to  state  by  how  much  that  colour 
falls  short  of  a  stipulafod  grade.  To  meet  this 
want  a  modificulion  of  the  chromometer  already 
descriljed  was  designed  by  Stammer.  In  this 
apparatus  there  Ih  a  provi.sion  for  shortening 
the  length  of  the  folumn  of  oil,  k<j  tluit,  htartirig 
with  a  standard  of  somewbit  paler  tint  tlutn  the 
oil,  the  c«)lour  of  the  oil  may  be  registered  in 
terms  of  the  standard.  Me.sars.  Schmidt  und 
Uoensch,  the  well-known  pliilo»«iphical  iuMtru- 
ujcnt  makers  of  ij4-riin,  have  devoted  a  good 
deal  of  attenticm  to  the  improvement  of  Stam- 
mer's original  instrument,  and  have  devised  a 
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colorimeter  which  the  writer  has  used,  and  of 
which  hfl  has  formed  a  fiivoamble  opinion. 
In  the  cons'ruef i(in  of  tlus  appnratiiM  (Fi;,'.  li) 
Messrs.  Schmidt  und  Huensch  have  desired  to 
provide  for  the  nae  of  oaly  one  gbuB  standard. 


Fio.  3. 

A.  Case.  (I.  <  >|viiiiii{  for  passage  Of  linht  to  reflector, 
ft,  c.  Cyiiiitifi.  witli  i:l.i»*<  l-ottoiii,  for  oil  under  examina- 
tion, k.  Haiiil-u  lict  l  for  rai^jiii:  or  lowerinif  rylinder 
ft.r.  TO.  Ciriulimtcl  ^-i  iilu  -^liowliiu  lenutli  of  oolumn  of 
oil  tliroiiuh  which  li^iht  1-  im^MiiK.  o.  «)|itii  al  arrainre- 
inciit  (|>ri4m»  and  eye-iilcre).  p.  Retlc«  tor  tu  iirojfi-t 
liKlit  upwards  throuKh  the  paralk-l  tuhtM  aiid  t  ho  priMiin 
Into  the  eye-i»ie.-<?.  t.  Tulie  rloi-iNl  at  tiie  t>ofloni  hy  a 
Kla-<-'  iilut.'.  r..|iMjr.-,l  t'lims  dine.  x.  Screw  uti  wh'ich 
the  optical  arruugcment  may  be  turned  to  insert  or 
resNnvttodiscti.  s.  Tabs  ofiea  at  both  mds. 

so  that  all  rcoordi-*!  deterrainationa  of  colour  may 
be  strictly  oomparaUe.  This  would  bo  a  distinct 
adTmnti^,  anoe  the  relation  between  the  various 
standards  enumoratfil  i.s  a  purely  arbitrary  one  ; 
but  unfortunately  the  range  of  ooiour  is  neoeS' 


sarily  so  wide  that  if  a  standard  suitable  lor 
water-white  oil  is  employed,  the  eohimn  needs 

tu  be  so  much  ciocnasrd  in  1. ngth  for  oils  of 
oomparativcly  dark  colour  that  the  sensitiveness 
of  tilA  instrument  is  seriously  impaired.  To 
overcome  tliis  deft^ct,  .Mr.  Robert  Kedwood  has 
mode  Kuvcral  important  alterations  in  the  in- 
strument, which,  while  largely  increaaiag  its 
sensitiveness,  admit  uf  the  colour  of  any  sample 
of  kerosene  being  precisely  recorded  on  a  scale 
ranging  from  water  white  (1)  to  good  merchant- 
able (6),  the  BMoe  between  any  two  of  the 
cdonrs  bring  divtttod  into  ten  equal  parts,  so 
that  the  colour  of  a  sample  midway  between 
water  white  and  supertiue  white  would  be  ex* 
pressed  as  1  -5.  This  instrument  has  been  in  ue 
m  the  writer'-s  laborat<jry  for  many  yeUBf  and 
has  given  very  satisfactfiry  results. 

(b)  Odour. — The  determinatiaD  of  odonr  le- 
quires  considerable  exporienoe^  m  it  is  neces- 
sarily a  matter  of  judgment,  and  due  considera- 
tion lias  U)  be  given  to  the  origin  and  grade  of 

I  the  oil.  It  is  usual  to  certify  that  the  txiour 
is  good  merahaotable,  or  not  good  nwrdiMitsblr, 
as  the  case  may  be. 

(c)  Specif  fjraviiy. — This  is  ordinarily  de- 
termined by  the  use  of  a  hydrometer,  bnt  the 
Westphal  or  the  Sartorius  «p<»cific  gravity 
balance  will  often  bo  found  a  preferable  instru- 
ment. In  the  case  of  oil  imported  in  buUc, 
where  the  weight  of  the  oil  is  calculated  from 
the  volume  at  a  given  temperature,  the  specitic 
gravity  .should  be  aecurately  detenuiiwd  ^Jf  tile 
use  of  the  specific  gravity  bottle. 

id)  Flaadn^-imnt  and  fire-tetL—Ttm  is, 
at  any  rate  from  one  point  of  view,  by  far  the 
most  imjportant  test  to  which  kerosene  is  sub- 
jected, ainco  the  petroleum  trade  is  in  most  parte 
of  the  world  conducted  under  legal  restrictions 
in  regard  to  the  tempeiature  at  which  the  oil 
either  commences  to  evolve  inflammable  vapoor 
or  takes  fire  and  continues  to  burn.  The  manu- 
faotarer  of  kerosene  has  on  the  one  hand  to 
avoid  introducing  into  or  leaving  in  the  oil  such 
of  the  more  volatile  hydrocarbons  as  would 
either  actually  or  in  the  opinion  of  tile  U  giiilatiiTe 
render  the  fluid  unsafe  lor  use  in  lamps  of  the 
ordinary  construction,  and  on  the  other  hand 
to  arrest  the  eoUeotion  of  the  kerosene  distJllate 
before  the  process  of  distillation  has  resulted  in 
the  addition  to  the  product  of  the  denser  hydro- 
carbons in  such  quantity  as  to  impair  the  burn- 
ing quality.  The  limitation  of  the  specific 
gravity  was  found  to  b<!  an  effectual  means  of 
prevcntiiif;  (he  intri.duc  tion  into  the  oil  of  an 
imdue  proportion  of  the  heavier  hydiooerbons, 
but  aflforded  no  oheok  upon  the  innammability 
of  the  oil  ;  ac  cordingly,  m  the  e^rly  days  of  the 

eitroleum  industry,  it  was  customary  in  the 
oUed  States  to  test  the  oil  by  pouring  it  upon 
warm  water  and  apphing  a  lighted  taper  to  the 
surface,  or  by  warming  the  oil  in  a  cup  placed 
in  hot  water,  and  applying  a  flame,  the  tempen- 
ture  at  which  the  oil  gave  off  ignitable  vapour 
being  termed  the  '  flashing-point,'  and  that  at 
which  it  took  fire  the  '  lire-test.'  When,  how- 
ever, it  became  recognised  that  legal  restriotiotts 
in  regard  to  the  inflammability  of  ke  rosene  were 
necessary  in  the  interests  of  public  Kafety.  ^pt■l  i;d 
forms  of  apparatus  for  the  testing  of  fiashiug- 
point  and  igniting-point  ipeie  devised.  Tne 
eaiiitet  of  these  testing  instrameDti^  known  m 
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Tagliabue'a  open-cup  tester  (Fig.  4),  was  oon- 
atructed  by  an  instrumont-makor  of  that  name 
in  New  York.  It  consista  simply  of  a  glass  cup 
to  hold  the  oil,  placed  in 
a  small  copper  water- bath, 
heated  by  a  spirit  lamp. 
A  thermometer  is  suspended 
in  the  oil,  and  the  tempera- 
ture is  noted  at  which,  on 
jiassing  a  lighted  splinter  of  [ 
wood  across  the  surface  of 
the  oil,  there  is  either  a 
(lash  of  ignited  vapour,  or 
on  a  further  increase  of 
temperature  the  oil  ignites 
and  continues  to  bum.  The 
English  Petroleum  Act, 
passed  on  July  29,  1862, 

firovided  that  *  Petroleum 
or  the  purposes  of  this  Act 
shall  include  any  product 
thereof  that  gives  ot!  an 
inflammable  vapour  at  less 
than  100''  of  Fahrenheit's 
thermometer.*  The  method 
of  testing  was,  however,  not 
defined,  and  the  Act  was 
prnoticiUly  inoperative.  Ac- 
cordingly, on  July  13,  1808, 
an  amending  Act  was  passed, 
which  prescribed  the  form 
of  apparatus  and  method 
of  testing  to  be  adopted, 
Fio.  4.  defined   '  petroleum ' 

for  the  purposes  of  the 
two  Acts  as  including  '  all  such  rock  oil, 
Rangoon  oil,  Burmah  oil,  any  product  of 
them,  and  any  oil  made  from  petroleum,  coal, 
scliist,  shale,  peat,  or  other  bituminous  sub- 
stance, and  any  product  of  them,  as  gives  off  an 
inflammable  vapous  at  a  temperature  of  less 
than  100**  of  Fahrenheit's  thermometer.'  The 
proscribed  apparatus  for  testing  consists  of  a 
slightly  conical  oil  cup  of  thin  sheet-iron,  pro- 
vided  with  a  flat  rim,  and  a  raised  edge  ^  in. 
high.  Across  the  cup  and  fixed  to  or  resting 
on  the  edge  is  a  wire,  which  is  thus  \  in.  above 
the  flat  nm.  The  oil-cup  is  supported  by  the 
rim  in  a  tin  water-batn.  The  outer  vessel 
having  been  filled  with  '  cold  or  nearly  cold 
water,'  as  much  of  the  oil  to  be  tested  is  poured 
into  the  cup  as  will  fill  it  without  flowing  over 
the  flat  rim,  and  a  thermometer  with  a  round 
bulb,  and  so  graduated  that  every  10° F.  occupies 
not  less  than  It  in.  on  the  scale,  is  then  suspended 
in  the  oil  so  that  the  bulb  is  immersed  about 
1 4  in.  beneath  the  surface.  A  screen  of  paste- 
board or  woo«l  of  specified  dimensions  having 
been  placed  round  tlic  apparatus,  a  '  small '  flame 
is  applied  to  the  bottom  of  the  water-bath,  and 
when  the  tempernluro  of  the  oil  has  reached 
00°F.,  a  *  very  small '  flame  is  passed  acmss  the 
surface  of  the  oil  on  a  level  with  the  wire,  this 
application  of  the  test-flame  being  repeated  for 
every  rise  of  *  two  or  three  '  degrees  in  tempera- 
ture, until  a  *  pale -blue  flicker  or  flash'  is  pro- 
duced. The  temperature  at  wlxich  this  occurs 
having  been  noted,  the  experiment  is  repeated 
with  a  freflh  sainplo  of  the  oil,  withdrawing  the 
source  of  heat  when  the  temperature  apprcmrhes 
that  noted  in  the  first  experiment,  and  applying 
the  test-flame  at  every  rise  of  two  degrees. 


The  greater  part  of  the  earlier  petroleum 
legislation  in  the  United  States  was  based  upon 
fire-test  and  not  upon  flashing-point,  but  in 
several  of  the  States  the  pctrcueum  laws  now 
prescribe  a  test  of  flashing-point.  In  1879 
the  New  York  Produce  Exchange  adopted  the 
Saybolt  Electric  Tester  (Fig.  5),  which  is  an  open- 
cup  instrument  wherein  the  ignition  is  effected 
by  means  of  an  electric  spark  from  a  smaU  in- 
duction coiU  the  spark  being  caused  to  pass 
when  required  between  platinum  points  at  a 
fixed  distance  above  the  surface  of  the  oil.  The 
official  directions  for  the  use  of  the  apparatus 
are  as  follows  : — 

'  Fill  the  metal  bath  with  water,  leaving 
room  for  displacement  by  the  glass  cup.  Heat 
the  water  until  the  bath  thiTmonitttr  indicates 
100°F.,  at  which  point  remove  the  lamp.  Fill 
the  glass  cup  \rith  oil  to  top  line,  indicated  by 
the  rim  surrounding  cup,  which  is  one-eighth  of 
an  inch  below  top  edge  of  the  cup.  See  that 
there  is  no  oil  on  the  outside  of  the  cup,  nor 
upon  the  upper  level  edge,  using  paper  to  clean 
cup  in  preference  to  cotton  or  woollen  materiaL 
See  that  the  surface  of  the  oil  is  free  from  air 


Fio.  6. 


bubbles  before  first  flash  is  produced.  lift 
the  cup  steadily  with  left  hand  and  place  in  the 
bath.  SuKpend  the  thermometer  with  the  bulb 
of  same  iiiimersi-d  just  frum  view  under  the 
surfuuo  of  oil.  Adjust  lUc  lluahiug  bar  and  im- 
merse the  battery  zincs  in  fluid.  Try  for  first 
Hash  every  degree  until  the  same  is  obtained. 
Attain  flash  by  producing  spark  with  one  stroke 
of  the  key.  The  stroke  on  the  key  should  be 
such  as  in  telegraphy  is  used  to  produce  what  is 
called  a  dot,  t^t  is  a  short  quick  stroke.  The 
first  flash  produced  from  110°  test  oil  is  gene- 
rally obtained  when  the  temperature  of  the  oil  has 
arriVetl  at  00°.  The  temperature  of  the  bath 
at  100°  (as  per  note  above)  will  carry  the  oil  to 
about  90°,  or,  in  other  words,  to  about  the  first 
flashing-point,  without  the  aid  of  a  lamp.  When 
the  thermometer  in  the  oil  indicates  90°,  intro- 
duce lamp  under  the  bath,  and  do  not  remove 
until  the  operation  is  finished.  The  tempera- 
ture of  oil  when  placed  in  bath  should  not  be 
lower  than  r)5°  nor  higher  than  70°F.  The 
flaMhing  bar  must  l>e  free  from  oil  before  adjust- 
ing for  test.  Dranghtf  of  air  must  bo  excluded 
from  the  apartment  wherein  tests  are  made. 
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Oil  of  110**  and  QpwardB  shall  (after  first  flash) 
be  flanhed  at  ©6.  100,  104,  108,  110,  llf,  115. 

Oil  of  120"  and  upwards,  after  first  flash,  100, 
105,  110.  116.  118.  120.  122.  126.  O'd  of  130" 
ukd  viiwsrds,  my  fl^  degnes  after  M  fiMh, 

Ontil  burning-point.* 

Prior  to  the  introduction  of  the  Saybolt 
TMter,  Amaboldi  constructed  an  openHnip  taster 
similar  to  Tn^^liH^uc'3,  but  of  greater  capacity, 
and  prrnndcd  with  a  mechanical  arrangement 
for  passing  the  test-flame  over  the  oil. 


The  directions  for  applyinff  the  test  ^ven  in 
the  English  Petroleum  Aot  m  1868 


as 
in 


 ,  found 

to  be  insufficiently  precise,  and  much  dilTr  ronce 
of  opiiUon  exUtod  as  to  the  interpretation  of 
the  woids  *  smnll  flsmo  *  and  *  Toy  small  flame,' 

with  the  result  that  dealers  were  prooeeded 
against,  and  in  some  cases  convicted  of  selling 
kscoaene  declared  by  the  local  authorities  to 
hare  a  flashing-point  below  the  legal  limit  of 
100*11,  but  which  had  been  tested  by  indepen- 
dmft mpmUi  with  satisfactory-  results.  Moreover, 
iha  (^n-cup  system  of  testing  was  f owd  by  1 

•xperienee  to  in- 
cnpaVile   of  furnishing 
trustworthy  resnlto  in  i 
tha  liands  of  tmsldlled 
persons.  I 

Accordingly,  Mr. 
KMtea,  in  m  capacity 
of  consulting  chemist ' 
of  the  Metropolitan 
Board  of  Works,  mip,- 
gested  the  substitution 
of  a  doaed  onp  (Fig.  6) 
for  the  open  one,  and 
in  1871  a  Bill  to  legalise 
fids  aHaration,  as  well 
to  amend  the  law 
several  otber  re- 
spects, was  introduced 
into  Parliament.  In 
consequence,  however, 
of  the  test  standard  or 
limit  having  been  fixed 
by  Mr.  Krates  at  a 
point  (Sn')  which  it 
was  contended  was  con  - 
riderably  higher  than 
the  equivalent  of  the 
existing  standard,  the 
Bill  was  opposed  by 
the  petroleum  toade.  and  the  proposal  to 
change  the  form  of  apparatus  was  withdrawn ; 
the  Bill,  which  p.iHsod  through  the  final  stage 
on  August  11  in  that  year,  repealing  the  two 
previous  Acta,  but  again  prescribing  the  use 
of  the  open  test  specified  in  the  Act  of  1868. 
In  the  following  year  the  subject  of  petroleum 
testing  was  inquired  into  by  a  Sdeot  Committee 
of  the  House  of  Lords,  and  a  crreat  deal  of  con- 
flicting evidence  was  taken,  but  no  satisfactory 
conclusion  was  aniTed  at.  Thenfore.  in  July 
1875,  with  the  coneurvencc  and  approval  of  the 
Metropolitan  Hoard  of  Works  and  of  the  Petro- 
leum A=^o(  i  ition.  Sir  Frederick  Abel  was  re- 
quested by  ih»  Government  to  undertake  an 
investigation  with  the  object  nf  placing  tbe 

subject  of  petroloTun  t-  sfinr^  iip^in  a  <=:iM  J i.'tory 
basts.  The  formulateil  fiuestionrt  submitted  to 
Sir  Frederick  Abel  were  the  following  : 

*  1.  Whethflir  tl&a  method  of  testing  petcolenm 
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asprescribed  in  Schedule  1  of  the  Petroleum  Aot» 
187l  (84  &  35  Vict.  c.  105),  is  such  as  unilomily 
to  ensure  reliable  and  Hati;<fnrtory  n>sults. 

'  2.  11  not,  what  alterations  in  the  method 
ol  ft—H»»ff  petroleum  should  l)e  adopted  to 
seeure  sucn  results,  due  regard  being  had  to  tba 
fact  that  the  testing  must,  in  many  instances, 
be  carried  out  by  persons  who  have  had  com- 
paratively little  e^rienoe  in  conducting  deii* 
oate  experiments. 

•  3.  Assuming  it  to  l>e,  in  your  opinion,  desir- 
able to  obtain  a  "  flashing-test  "  fur  potroleuni, 
whether  the  present  "  fladifaig-point  of  lOO^F. 
(or  its  equivalent  under  any  modifictl  method  of 
testing  which  you  may  propose)  is,  in  yous 
judgment,  calciUated  to  afford  adequate  proteo* 
tion  to  the  public,  without  unduly  interfering 
with  or  restricting  the  trade  ;  if  not,  what  altera* 
tion  in  this  respect  shotild  be  made.' 

After  a  prolonged  and  exhaustive  expeii- 
meotal  inquiry,  in  wiiioh  Dr.  Kdlner  rendered 
valuable  assistance.  Sir  Frederick  Abel  pre- 
sented to  the  Seoreta^  of  State  an  elaborate 
report,  dated  Angust  1%  1878.  wherein  the  ques- 
tions enumerated  were  thus  answered  : 

(1)  The  method  of  testing  ]>etroleuni  as 
prcseribed  in  schedule  1  of  the  Petroleum  Act» 
1871  (34  &  35  Vict.  c.  105).  is  not  •  of  a  nature 
uniformly  to  ensure  reliable  and  satisfactory 
results.' 

(2)  A  method  of  testing  petroleum  has  been 
elaborated  for  adoption  in  plaoe  of  that  pre- 
scribed by  the  Petroleum  Act,  1871,  due  regard 
having  been  had  to  the  fact  '  that  the  testing 
must  in  many  instances  be  oarried  out  by  per- 
sons who  have  had  comparatively  little  ex- 
perience in  conducting  delicate  experiments.' 
This  method,  while  resembling  in  its  general 
nature  the  one  hitherto  used,  is  free  from  the 
defects  inherent  in  the  latter,  and  is  so  arranged 
that  it  Liiii  Ijo  carried  out,  with  the  certainty  of 
furnishing  uniform  and  precise  results,  hy  pw' 
sons  possessing  no  special  knowledge  or  ridll  In 
manipulation.  With  i  rdinan.'  attention  in  the 
first  instance  to  simple  instructions,  difierent 
operators  cannot  fail  to  obtain  concordant  re- 
8ult'<  with  it.  and  it  is  so  nearly  automatic  in 
its  nature  flmt  it  is  not,  like  the  pre^sent  method 
of  testinp.  sih^  cptible  of  manipulation  so  as  to 
furnish  difierent  resulte  at  the  will  of  the 
operator. 

(3)  There  are  not,  in  my  judgment,  any  woll- 
estabUshed  grounds  for  considering  that  the 
present  flsshmg-point  of  100*F.  is  not  *  calen- 

latcd  to  afford  adequate  protection  to  the  public* 

(4)  With  the  employment  of  the  new  test, 
a  minimum  flashing-point  should  therefore  be 

adopted,  which  is  equivalent,  or  as  nearly  as 
possible  so,  tr>  the  flashing-point  of  100°F.,  as 
lumished  by  tlie  present  test. 

It  will  bo  obvious  that  the  detormination  of 
the  equivalent  test  standard  was  not  an  easy 
part  of  Sir  Frederick  Abel's  task,  since  tlie  Abel 
tester  furnishes  no  exception  to  the  rule  that 
the  flashing-point  of  a  given  example  of  petro- 
leum is  far  lower  in  a  dnscd  than  in  an  open 
vessel,  and  it  was  therefore  necessary  to  deal 
with  tbe  conflictini?  views  already  referred  to  as 
to  the  proper  tnn.Ie  nf  eonductiny;  the  test  with 
the  open-eup  in-tcument  in  order  to  determine 
the  equivalent  standard.  The  writ^'r  assisted 
Sic  Frederick  Abd  in  the  oondnot  of  this  portion 
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ot  the  inquiry,  but  before  thw  test  standard  was 
even  provisionally  fixed,  Mr.  T.  W.  Kcatcs,  as 
representing  the  Metropolitan  Board  of  Works, 
And  Mr.  John  Calderwood,  on  behalf  of  the 
Soottish  Mineral  Oil  Ansociation,  were  also  con- 
sulted. Eventually,  as  the  result  of  the  joint 
experiments,  it  was  decided  that  the  difference 
between  the  flashing-points  obtained  with  the 
open-cup  instrument  and  the  Abel  tester  ranged 
from  25  to  29'?.  Adopting  the  mean  difference 
of  27*.  the  new  standard  was  accordingly  fixed 
at  73*F. 

After  the  presentation  of  the  report,  the 


writer  prorocdcd  to  apply  the  two  tests  to  1,000 
representative  samples  of  kerosene,  with  the 
result  that  the  figures  provisionally  adopted  were 
confirmed. 

The  ultimate  outcome  of  Sir  Frederick  Abel's 
painstaking  investigation  was  the  legalisation  by 
Parliament,  on  August  11,  1879,  of  what  is  now 
so  well  known  as  the  Abel  Test.  The  instru- 
ment and  its  use  are  thus  described  in  the 
Petroleum  Act : — 

First  Schedule. — Mode  of  testing  petroleum 
so  as  to  ascertain  the  tomporaturo  at  which  it 
will  give  off  inflammable  vapour. 
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Sptcificaiion  of  the  test  apparatus 
(Figs.  7,  8  and  9). 

The  following  is  a  description  of  the  details 
of  the  apparatus  : — 

The  oil  cup  (Fig.  7)  consists  of  a  cylindrical 
vessel  2"  diameter.  2f|,"  height  (internal),  with 
ontwanl  pn)jfCtinp  rim  ^"  wide,  jj"  from  the  top. 
and  1  J"  from  the  fxjttom  of  the  cup.  It  is  made 
of  gun-met«I  or  brass  (17  B.W.G.)  tinnetl  inside. 
A  bracket,  connisting  of  a  short  stout  piece  of 
wire  \)fi\t  upward-s  and  terminating  in  a  point, 
is  fixe<l  to  the  inside  of  the  cup  to  serve  as  a 
gauge.  The  distance  of  the  ]»oint  from  the 
i>*»tl«»m  of  the  cup  is  IJ".  The  cup  ix  provided 
witFi  a  clone-fitting  overlapping  cover  made  of 
braHM  (22  B.W.G. ),  which  carries  th«>  thcrmo- 
meter  and  tost  lump.  The  latter  is  i<us)>eiided 
from  two  supports  from  the  side  by  means  of 
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trunnions,  upon  which  it  may  be  made  to  oscil- 
late ;  it  is  provided  with  a  Hpout,  the  mouth  of 
which  is  one-sixteenth  of  an  inch  in  diameter. 
The  socket  M'hich  is  to  hold  the  thermometer  is 
fixed  at  such  an  angle  and  its  length  is  so  ad- 
justed that  tlie  bulb  of  the  thermometer,  when 
inserted  t^>  its  full  depth,  shall  lie  IJ"  Ik'Iow  the 
centre  of  the  lid. 

The  cover  is  providetl  with  three  square 
holes — one  in  the  centre,  by  ■f^",  and  two 
smaller  ones,  by  -ff,",  close  to  the  sides  aiul 
i)pp<»site  each  other.  These  three  hnli  s  may  be 
eli>sed  nn«l  uncovered  by  means  of  a  slid«'  moving 
in  grooves,  and  having  peiforaticns  corre- 
sfKMiiIing  to  those  on  the  lid. 

In  ninviiiir  the  slide  so  ns  to  nticov«T  the 
holes,  (lie  oseillnt iiig  lump  is  eaii^'ht  by  ii  pin 
lixed  in  the  slide,  anil  lilted  in  such  a  way  ns  to 
bring  the  end  of  the  8[)out  just  below  the  surface 
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of  the  lid  (Fig.  8).  Upon  the  siido  being  pushed  I 
back  so  as  to  cover  tha  holes*  the  lamp  retntms 

to  ii-^  orijriiial  position. 

Upon  the  cover,  in  front  of  and  in  line  with 
the  mouth  of  the  lamp,  ia  fixed  a  white  bca<l, 
the  of  vhioh  xeprcweat  the  size  of 

the  tflet>flame  to  be  med. 

The  bat'i  i  [  luMtinR  vessel  (Fia.  0)  cansiataof 
two  tlat-bottomod  copper  cylinders  (24  B.W.G.) 
— M  jnner  one  of  3  aiameter  and  2|"  height, 
and  an  outer  one  of  lUfimetor  and  5|" 
height ;  they  are  soldorcd  U>  a  circular  copper 

?)late  (20  B.W.G.)  t>orfurate<l  in  the  oeatrOt  vnich 
orms  the  top  of  the  bath,  in  such  a  manner  as  to 
inclose  the  space  between  the  two  cylinders,  but 
leaving  access  to  the  inner  cylinder.  The  top 
of  the  Dath  projects  Ixith  outwards  and  inwards 
about  I" ;  that  is,  its  diameter  is  about  f" 
greater  Umn  thi>  l)nily  of  the  b;ith,  whWo  the 
diameter  of  the  circular  iqviiing  in  the  centre  is 
about  the  same  amount  h-ss  tnan  that  of  the 
inner  copper  cylinder.  To  the  innrr  projection 
of  the  top  is  fastened,  by  six  small  HortnVfi,  a  flat 
ting  of  ebonite,  the  screws  being  gunk  below  the 
surface  of  the  clx)nite  to  avoid  metallic  ooataet 
between  the  bath  and  the  oil  cup.  The  exact 
distance  between  the  si<les  and  bottom  of  the 
bath  and  of  the  oil  lamp  is  one' half  of  an  inch. 
A  split  sookst  similar  to  that  on  the  oover  of  the 
nil  cup,  hut  set  )it  a  ri^ht  antjle.  allow-?  a  thermo- 
meter to  be  inserted  into  the  space  between  the 
two  cylinders.  The  bath  is  niither  provided 
with  ix  fiiruiel,  ao  overflov  pipe,  and  tiro  loop 

handled. 

The  bath  n  st  s  ujion  a  oast-iron  tripod  stand, 
to  the  ring  of  which  is  attached  a  ooppor  cylinder 
or  jacket  (24  B.W.G.)  flanged  at  the  top.'and  of 
such  dimensions  tliat  tlie  bnth.  while  firmly 
resting  on  the  iron  ring,  iust  touches  with  its 
projecting  top  the  inwud'tumed  flange.  The 
flirimf'tcr  of  this  outer  jacket  h  H V'.  One  of  the 
three  le^s  of  the  sUiud  hcrvts  na  a  support  for 
the  spirit  lamp  attached  to  it  by  means  of 
a  f^mall  swing  bracket.  The  distance  of  the 
wick  holder  from  the  bottom  of  the  bath  is  1". 

Two  thermometers  are  provided  with  the 
apparatus — the  one  for  asoertainine  the  tern-  : 
peratnre  of  the  bath,  the  other  for  determining  { 
the  fl^^^llIn^-|)oint.  The  thermometer  for  aseer- 
taining  the  temperature  of  the  water  has  a  long 
bulb  and  a  space  at  the  top.  Its  range  is  from 
al)<)ut  no"  to  ]W  Fahrenheit.  The  scale  (in 
dcgre<»  u(  Falireiiheit)  is  marked  on  an  ivorj' 
back  fast<?ne<l  to  the  tube  in  the  usual  way.  It 
is  fitted  with  a  metal  oollar,  fitting  the  socket, 
and  the  part  of  the  tube  below  the  scale  shotild 
have  a  length  of  about  3J".  measured  from  the 
lower  end  of  the  scale  to  the  end  of  the  bulb. 
The  thermometer  for  ascertaining  the  tempera- 
ture  of  the  oil  is  fitti-d  with  collar  atel  ivury  -crile 
in  a  similar  m mnt  r  to  the  one  describtHl.  It  lias 
around  bult).  a  .-^paee  at  thetop,andrangesfrom 
nhoTit  55''P.  to  ir>O^F. ;  it  measozee  from  end  of 
jvory  hack  to  hulh  2J". 

NoTK. — A  mofit  l  apparatus  is  deposited  at 
the  Weights  and  Moaeures  Department  of  the 
Board  of  Trade. 

Directions  for  applying  theflashing-ksL 
I,  The  test  apparatus  is  to  bo  ptsoed  for  use 
in  a  position  wh«  re  it  is  not  eqpooed  to  ourrents 
of  air  or  draughts. 


2.  The  heating  vessel  or  water-bath  m  filled 
by  Douring  water  into  the  funnel  ontil  it  begins 
to  now  out  at  the  spout  of  the  vessel.  The  tem- 
perature of  the  water  at  the  commencement  of 
the  tost  is  to  bo  130^F.,  and  this  is  attained 
in  the  first  instance  either  by  mixtng  hot 
and  oold  water  in  the  bath,  or  in  a  vewseY  from 
which  the  bath  is  filled,  until  the  thermometer 
which  is  provided  for  testing  the  temperature  of 
the  watc^  gives  the  proper  indioation ;  or  by 
heating  the  water  with  the  spirit  lamp  (which 
is  attached  to  the  stand  of  the  apparatus)  unfil 
the  required  temperature  is  indicated. 

If  the  water  ha«  been  heated  too  highly,  it  is 
easily  reduced  to  130*  by  pouring  in  cold  water 
little  by  little  (to  rejilaco  a  |x>rtioii  of  the  warm 
water)  until  the  thermometer  gives  the  proper 
roa<ling. 

When  a  test  ha.s  been  completed,  thi.s  water- 
imth  is  again  raised  to  130*  by  placing  the  lamp 
underneath,  and  the  result  is  rea<lily  obtaine  d 
while  the  petroleum  cup  is  being  emptied,  cooled, 
and  refilled  with  a  fresh  sample  to  be  tested. 
The  lamp  is  then  turned  on  its  swivel  from  under 
the  apparatus,  and  tiie  next  test  is  proceeded 
with. 

^.  The  test  lamp  Is  prepare<l  for  \iso  by 
fitting  it  with  a  piece  of  flat  plaited  candle-wick* 
and  filling  it  with  coha  or  rape  oil  up  to  tiie 
lower  edge  of  the  opening  of  the  spout  or  ^rick 
tube.  The  lamp  is  trimmed  so  that  when  lighted 
it  gives  a  flame  of  about  O'lff  of  an  inch  diameter* 
and  this  size  of  flame,  which  is  represented  by 
the  projecting  white  bead  on  the  cover  of  the 
oil  cup,  is  readily  maintained  by  simj^  mani|m- 
lation  from  time  to  time  witii  a  small  wire 
trimmer. 

Wlieu  las  Is  available  it  may  be  conveniently 
used  in  place  of  the  little  oil-lamp*  and  for  Uus 
purpose  a  test-flame  arrangement  for  use  with 
■^■.i.<  may  be  substituted  for  the  lamp. 

4.  The  bath  having  been  raised  to  the  proper 
temperature,  the  oil  to  be  tested  is  introduced 
into  the  petroleum  ctip.  beina  potired  in  slowly 
until  the  level  of  thi-  liijnid  juRt  reaches  the 
point  of  the  gauge  whieli  is  lived  in  the  cup. 
In  warm  weather  the  temperature  of  the  room 
in  which  the  samples  to  be  tosted  have  been  kept 
should  bo  observrd  in  the  first  instance,  and  if 
it  exceeds  65**  the  samples  to  bo  tested  should 
be  cooled  down  (to  about  00")  by  immersing  the 
bottles  cont«inin:r  them  in  cold  watrr,  or  by  any 
other  convenient  metho<i.  The  lid  of  the  cup, 
Willi  the  slide  closed,  is  then  put  on*  and  the  cup 
is  placed  into  the  bath  or  heating  vessel.  The 
thermometer  in  the  lid  of  the  cup  has  l)een 
wlju.sted  so  aj«  to  have  its  bulb  just  immer-'ed  in 
tlie  liquid,  and  its  position  is  not  under  any  cir- 
cumstances to  be  altered.  When  the  cup  has 
bt  i  ii  place<l  in  the  pr<>|)i  r  position,  the  aoale  of 
the  thermometer  faces  tht^  itpt  rator. 

5  The  test-lamp  is  then  placed  in  position 
upfin  the  ltd  of  the  ciip,  the  lead  line  or  pendu- 
lum.' which  ha.H  been  fixed  in  a  convenient  p«j«i- 
tion  in  front  of  the  operator,  is  set  in  motion, 
and  the  rise  f)f  the  thermometer  in  the  petroleum 
cup  is  watched.  When  the  temperature  has 
reached  about  66"  the  operation  of  testing  is  to 

'  The  iicndultuii  m  lm  m  ^n  -  In  loneth  from  ttw 
}K>lnt  of  -iixv  ii^i'  i'  '<>  'lifi  eeiitro  of  (cravity  ot  U>e 
Wi'iht.    The  %vr:t.'r  li;!-^  >'<imd  it  OOOVSIlMOt  tO  Smplor 

a  ttyucliroolaod  uotronomc. 
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be  commenced,  the  test  flame  beinp  applie<l  once 
for  every  rise  of  uno  <U'jiree  itt  the  folio  win  jj; 
manner : — 

.The  «ljde  is  slowly  drawn  open  the 
pandiilain  perfonm  three  OKrillatfonB  and  is 

oloMd  during  the  fourth  oscillation. 

NOTS. — If  it  is  desired  to  employ  the  test  ap- 
pftratvs  toxletermine  the  fiashnig-point  of  oils  of 
very  low  volatilitv.  the  mode  of  pvoosediiig  is  to 
b©  modified  as  fuUowB  : — 

The  air-chamber  which  surrounds  the  cup  is 
filled  with  oold  water  to  »  depth  of  1^  inches. 


and  the  beating-vessel  or  water-bath  is  filled  as 
usual,  but  also  with  eoUl  wati-r.  The  lamp  is 
then  plaetsl  under  the  apparatus,  an<l  kept  then* 
during  the  entire  operation.  If  a  very  heavy  oil 
is  bemff  dealt  with,  the  operation  may  be  oom- 
raenced  with  wat<T  previously  horted  to  IM^. 
instead  of  with  cold  water.' 

In  order  to  deal  with  the  difficulty  arising 
from  the  sluggish  flow  of  the  convection  currents, 
and  the  consequent  low  reaxling  of  the  thermo- 
meter, when  viscous  samples  are  tested,  and,  in 
action,  to  make  provision  for  the  testing  of 
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polifl  [K  trnl(  iiiii  mixtures,  an  Order  in  Council 
<8ututory  Kuics  aud  Orders,  1907,  No.  483) 
was  issued  on  May  7,  1907,  the  Sehednle  of 
which  is  as  foUows : — 


SCHBDOLK. — DiKKCTIONS  FOK  Ii::b-lU<U 


1.  Liquid  Mixtures.    Where  the  petroleum 
mixture  is  wholly  liquid,  flows  quite  freelv,  and 
does  not  oontain  any  sediment  or  thickening 
imrretlient,  such  miztafs  shall  be  tested  in  the 
Tou  IV.— r. 


manner  set  forth  in  Sofaednle  One  to  the  IMio- 

leum  Act,  1879. 

2.  Viscoits  and  Stdimentary  Miaetmtt. 
Where  the  iv>tn)leum  mixture  contains  an  un- 
dissolved sediment,  a^  in  the  case  of  some 
met«l  polishes,  which  can  l>e  separated  by 
filtration  or  by  settlement  and  uccahtation, 
the  sediment  may  be  so  separated  and  the 
deoaated  liqnid  may  be  tested  in  tito  manner 

'  A  preferable  method  is  to  keep  tlie  t«rni>craturc 
u(  the  wat«r-bath  at  1S0^J!\  and  placu  water  to  a  dei'tli 
of  a  qnsrter  of  «a  laeb  In  th»  aUMqwce. 

L 
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set  fortk  in  Sohodulo  On»  to  the  Petroleum 
Aot,  1879. 

Ill  carrvlii^'  out  Muh  .separation,  euro  must 
bo  taken  to  uuttituibu  the  evaporation  ol  the 
petroleum.  The  reparation  ot  the  aedimcnt 
must  not  be  effected  by  (li.--tiIlation. 

Where  the  petroleum  mixture  is  such  that 
sediment  eaanot  be  separated  by  the  aforo- 
mentkmed  means,  or  where  it  is  of  a  visoous 
nature,  as  in  the  case  of  indiarubber  solntion, 
quKjk-tlryiiig  jiaiiits,  6cc.,  nuch  mixture  shall  be 
tested  in  the  apparatus  modified  as  shown  in  the 
drawing  hereto.  This  apparatus  diffen  from 
that  prescribed  in  St  hoduli-  One  to  fht-  Petroleum 
Act,  1879»  only  in  the  addition  of  a  stirrer  to 
equalise  the  tempemtaxe  thxoughout  the  sample 
under  test. 

ill  carr^  ing  y  ut  the  test  of  a  viscous  ix-'troltsum 
mixture,  this  stirrer  shall  be  constantly  revolved 
at  a  slow  speed  with  the  tin^;en^  exoept  when 
applying  the  tost  flame,  the  direction  of  revoltt- 
tion  being  that  of  the  liand  of  ii  cluck. 

With  the  exceptioit  of  the  use  of  the  stirrer, 
tiie  maoner  ol  oarryinK  out  tiie  test  shall  be 
that  set  forth  in  Sohediue  Chie  to  the  Fstroleum 
Act,  1879. 

The  stirrer  may  be  removed  by  grasping  the 
spindle  just  above  the  blades  with  the  linger  and 
thumb,  and  unscrewing  the  upper  sheath.  Tho 
opening  in  the  lid,  throimh  which  the  stirrer 
passes,  may  then  be  dosed  by  a  plug  provided 
for  the  purpose. 

^^'h  a  ihis  has  been  done,  the  apparatus 
shall  be  deemed  to  comply  with  the  specihcatiou 
set  forth  in  Schedule  One  of  the  Fetroletun  Act, 
1879,  and  may  be  used  for  testing  ordinary 
petroleum  or  solid  petroleum  mixtures. 

A  model  of  the  afore- mentioned  apparatus 
will  be  deposited  with  the  Board  of  Trade,  and 
the  provisions  of  section  '.i  of  the  Petroleum  Act, 
IHI'J,  in  regard  to  verilicalion  and  stamping 
shall  app^  also  to  such  apparatus  as  fchmij^h 
it  were  the  apparatus  presoribed  by  the  SMd 
Act. 

For  the  purpose  of  carrying  out  such  venfioS' 
tion  t  hu  .stirrer  nhall  be  removed  and  theopming 
plugged  ab  herein  before direc'liM  I.  The  apparatus 
bhali  thcu  bo  tusied  with  ordmary  petroleum. 
The  stirrer  shall  be  TSfided  by  comparison  of 
measuremoits. 

8.  Solid  p^rolewm  mixtures.  Where  the 
petroleum  mixture  is  Holid,  as  in  the  ea.so  of 
naphtha  soaps,  &c,,  the  apparatus  to  be  used 
for  the  test  sball  be  that  preeetibed  in  Bohedule 
One  of  the  Petroleum  Act,  1879. 

The  method  of  carrying  out  the  test  of  such 
solid  mixture  shall  be  as  follows  : — 

The  sohd  mixture  must  he  c  ut  into  cylinders 
IJ  inches  long  and  i  inch  in  diumeter  by  means 
of  a  cork  borer  or  otncr  cylindrical  cutter  having 
the  oorceot  internal  diameter*  These  cylinders 
axe  to  be  plaoed  in  the  petrolenm  enp  of  the 
tcsiting  apparatus  in  a  vertical  jwj^Kion  in  such 
number  as  will  completely  fill  the  cup.  The 
cylinders  must  be  in  contact  with  one  another, 
but  must  not  be  so  tightly  packed  as  to  be 
deformed  in  shape. 

Five  or  six  of  the  cylinders  in  tin  emtre  of 
the  cup  must  be  shortened  to  ^  inch  to  allow 
spaee  tor  the  thermometer  bulb. 

The  air  halli  of  the  testing  ap^Mratus  must 
be  filled  to  a  depth  of  1|  inches  with  water. 


The  water  bath  must  then  be  raised  to  and 
maintained  at  a  temperature  of  about  70*F. 

The  cup  must  then  bo  placed  in  the  air  bath, 
and  the  temperature  of  the  sample  must  be 
allowed  to  rise  until  the  thermometer  in  the  oil 
cup  shows  72**^.,  when  the  teat  flame  must  be 
applied. 

If  no  flash  is  ubtaineil,  this  temperature  must 
be  maintaiued  constant  in  the  oil  cup  ior  1  hoar, 
at  the  expiration  of  which  time  tlw  test  flame 

mmi  again  be  aj^plied. 

If  a  flash  is  obtamed,  the  solid  mixture  will 
L>c  subject  to  the  provisions  of  the  Bstroleain 
Acts  in  virtue  of  this  Order. 

Note. — It  may  in  many  ca^es  save  time  in 
testing  samples  of  petroleum  mixtures  to  apply 
the  test  flame  after  the  sample  has  been  a  few 
minutes  in  the  cup  and  while  still  at  the  tempera- 
tiiK  uf  the  room  in  which  the  test  is  being 
carried  out,  provided  that  this  temperature  is 
below  73*F.  If  a  flash  is  obtained  by  tliis 
means,  it  is  tmneces^nry  to  proceed  With  the 
test  at  a  higher  tem]^ierature. 

In  1880  the  subject  of  petroleum-testing  was 
investigated  in  Germany  by  the  direction  of  the 
Government,  and  a  considerable  number  of  ex- 
periments were  made  with  different  forms  of 
apparatus.  UveotuaUy  the  Abel  instrumoit  was 
seleoted  as  the  best,  but  exception  was  taken  to 
the  personal  error  liable  to  be  introduced  by  tlie 
method  of  applying  the  test-fiame,  and  accord- 
ingly a  clockwork  arrangement  for  moving  the 
test-slide  and  bringing  the  igniting  flame  to  the 
required  position  was  added  (1<ik.  10).  The 
clockwork  movement,  which  is  fixed  to  the  cover 
of  the  oil  cup,  is  wound  up  prior  to  each  applica- 
tion uf  the  test-flame,  and  is  released  by  pressing 
a  trigger  a,s  the  mercury  in  the  thermon)et<T 
reaches  each  The  mechanism  is  so  adjusted 
that  the  rate  of  openinff  and  ckwtng  the  test* 
orifice  is  properlv  timed,  and  the  operator  is 
therefore  relievea  from  the  necessity  of  timing 
the  movement  by  the  aid  of  a  pendulum.  The 
Engli.sh  Aln  l-apparatus  is  provided  with  both 
oil-lamp  and  ga.s  arrangement  for  igniting  the 
vapour,  but  the  (it  rman  instrunient  nas  the  Oll 
Lamp  only,  as  it  was  found  that  the  two  ap- 
pliances did  not  give  in  all  cases  concordant 
results,  and  petroleum  has  advantageoutlv  been 
I  substituted  for  colza  oil  for  use  in  the  test-lamp. 

Before  the  Abel  tester  had  been  very  loi^  in 
use  it  wa?  found  that  the  results  afTurtled  were 
I  materially  atiected  by  the  amount  of  atmospheric 
:  pressure.    This  source  of  variation  in  flashing- 
point  had  not  previously  received  Hiiention,  and 
vfas  first  accidentally  observed  in  Germany.  As 
I  the  result  of  a  series  of  experiments  conducted 
I  in  an  air-tight  chamber  in  the  Jewish  Hospital 
'  in  Berlin  at  different  atmospheric  pressureji,  it 
was  found  that  the  difTorence  in  tla^hing-iKuiil 
I  amounted  to  about  U-30°C.  for  10  mm.  in  the 
!  height  of  the  barometric  oohimn,  and  accordingly 
a  table  of  corrections  was  framed  on  this  basis 
for  use  with  the  Abel  tester  in  Germany.    W  ith 
the  object  of  procuring  some  tangible  evidence 
of  the  ( fT<  <  t  of  barometiic  changes  upon  the 
liasbiug  jKuni,  the  writer  conducted,  in  associa- 
tion with  Sir  Fredcrjt  k  AI»eI,  a  r-erics  of  tc^its  at 
I  different  altitudes  in  Switzerland,  and  obtained 
'  corroborative  results,  the  observed  variations  in 
fla  diing-point  l>oing  at  the  rate  of  2T.  for  1  inch 
'  of  barometric  pressure.      These  experiment* 
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were,  hovrever,  not  made  with  a  view  ol  deter- 
mining with  precision  the  extent  of  variAtion,  the 
numV>er  of  tests  made  in  tlu-  liiuited  time  Vmny. 
too  few  to  justify  the  baiiiug  of  a  table  of  cur- 
lections  on  tlie  roeults. 

At  a  later  date  an  additional  source  of  dia- 
orepancies  in  the  re^^uHa  utiorded  by  the  Abd 
iustrument  -wan  discovered  in  the  effect  of  a 
trojiical  tempentore  npon  tliA  liberation  of 
VRponr  from  the  dL  TEe  Indian  Oovemment, 
liaving  adopted  the  Abel  apparatus,  had  oopied 


to  the  use  oi  the  Abel  tester  in  temperate 
eUmates) : — 

1.  Prepariruj  the  imtcr-bath. — The  water- 
bath  ii>  liiicd  by  pounng  water  into  the  funnel 
antil  it  begins  to  flow  out  at  the  overflow  pipe. 
The  temperature  of  the  water  at  the  conimoncp- 
ment  of  each  test,  iudicuted  by  the  long-liuib 
thermometer,  is  to  be  130°F.,  and  this  is  attained 
in  the  first  instance  bv  mixing  hot  and  cold 
water,  dliher  in  ^bB  hmi  or  in  the  vessel  from 
which  the  bath  is  filled,  until  the  thermometer 


verbatim  from  the  lgngli«h  Act  the  directions  wliich  is  provided  for  testing  the  temperature  of 
for  applying  the  tent,  and  ettention  wee  fordUy  the  weter  g^vee  the  proper  indication,  or  the 

directed  to  the  source  of  variations  a!Iud  d  to  by  I  water  is  heated  by  a  spirit  lamp  (^vliich  is 

attached  to  the  stand  of  the  apparatus)  until  the 
required  temperature  is  reached. 

2.  Pnpanng  the  Ust-lamp. — Tin:  trst  lamp 
is  fitted  with  a  piece  of  cylindrical  wicii  of  sncn 
thickness  that  it  fills  the  wick-holder,  but  may 
readily  be  moved  to  and  iro  lot  Uae  purpose  of 
adjusting  the  size  of  the  flame.  In  the  body  of 
tlu  1  iiup,  upon  tKi  v  ick,  which  is  coiled  within 
it,  is  placed  a  small  tuft  of  ootton*wool  moistened 
nith  petroleam,  any  ml  not  abeofbed  by  the 
wool  being  removed  When  the  lamp  has  been 
lighted  the  fiame  i&  aiijubU-il  until  it  is  the  size 
of  the  bead  fixe<l  on  the  cover  of  the  oil-cup. 

?,.  FiUinq  the  oil-cup. — The  oil-cup  is  placed 
ou  a  level  wuriace  in  a  good  light,  and  the  oil  to 
be  tested  is  poured  in  without  splashing,  nntU 


the  oondemnation  of  several  cargui:s  oi  kerosene, 
wl^eh  had  arrived  in  the  port  of  Calcutta.  The 
writer  proof'tMicd  to  India  to  inTCPtip:Lite  the 
mutter,  ami  the  result  of  expeiJuicuia  made 
in  that  country  and  of  a  series  of  tests  conducted 
by  Sir  JTredenok  Abel  and  the  writer,  with  the 
werieUuw  of  Dr.  Kellner,  in  an  apartment  at 
Woolwich  Arsenal  hentt  d  to  a  tropicid  ti'mpera- 
ture,  it  was  found  that  a  mudi  lower  flasning- 
point  than  that  fnmiafaed  in  a  tempoate  elimate 
w&s  liable  to  bo  obtained  when  the  Abel  test  was 
applied  in  a  tropical  country  in  the  manner 
prasoribed  by  the  English  Act.  Further  experi- 
ments made  by  Dr.  Warden,  soialyst  to  the 
Government  of  Bengal,  Professor  Pedler  of  Cal- 
cutta, Dr.  Lyon,  Sir  Frederick  Abel,  Dr.  Kellner, 

and  the  wxiter»  showed  that  the  apparent  de-  i  ita  raiiaoe  is  level  vith  the  point  of  the  gauge 

 -—  of  tile  flashing'point  was  largely  due  to  |  wlneh  »  fixed  in  the  enp.  THie  oil  should  be 

poured  from  a  suitable  braall  vessel,  never  direct 
from  a  lane  can.  The  round-bulb  thermometer 
is  inserted  mto  the  lid  of  the  enp,  oaxe  bdng 
taken  that  the  projecting  rim  of  the  collar 
touches  the  edae  of  the  socket:  the  test-lamp, 
prepared  as  already  deeeribeo,  is  placed  m 
position,  an'!  thp  rftvfr  put  on  io  the  nip  and 
pressed  down  au  tuat  ltd  tdgc  i  cats  on  tiie  rim  of 
the  cup. 

4.  The  applicaUtm  oj  the  tut. — The  water- 
bath,  with  its  thermometer  in  pootion,  is  placed 
in  some  locality  where  it  is  not  exposed  to 
currente  of  air,  and  whore  the  light  is  sufficiently 
subdued  to  admit  of  the  sise  of  the  tflet*flame 
being  compared  with  that  of  the  bead  on  the 
cover.  The  cup  is  carofuilv  lifted  without  being 
shaken,  placed  in  the  baui,  and  the  test-lamp 
lighted.  The  thermometer  in  thn  oil-cup  is  now 
watched,  and  when  the  tcmporaturo  has  reached 
GG^F.  (the  sample,  if  necessary,  having  pr^ 
vioualy  been  cooled  to  bdow  that  temperature 
by  immersing  tlw  vessel  containing  It  in  oold 
water),  the  operation  of  testing  is  to  be  com- 
menced, the  test-flame  being  applied  once  for 
every  rise  of  One  degree. 

li  the  oil-cup  is  provided  with  the  automatic 

   ,  (Penskv's)  arrangement  for  opening  and  shutting 

beoomes  di«npatcd  in  this  mode  of  conducting  |  the  slide,  the  clockwork  is  wound  up  by  turning 
the  test,  but,  since  kerosene  cannot  l)«  exposed  |  the  knob  from  left  to  rights  and  set  U  motion  by 
to  the  air  in  the  tropics  without  this  loss  occur-  |  pressing  the  trigger. 

ring,  the  defect  is  not  of  practical  importance.  ,  If  the  slide  is  intended  to  be  moved  by  hand, 
JBiirther  details  in  refpurd  to  this  question  will  bo  it  should  be  drawn  open  slowly  Mud  shut  quicldy. 
found  in  a  joint  communication  by  Sir  Frederick  I  The  eacset  time  to  be  obeerved  fn  this  operation 
Abel  and  the  writer  published  in  the  Clifitiio.il  is  regulated  by  the  swing  of  the  ]m  n.lulum  sup- 
News  on  May  2,  1884.  In  October,  1887,  Sir  1  plied  with  this  form  of  instrument.  The  open- 
Frederick  AmI  drew  up  the  following  instruo*  |  mg  of  the  slide  should  take  the  time  of  ^ree 
tions  for  the  use  of  the  Abel  testiHT  in  temperate  oscillntions.  tlu-  shutting  of  the  Mlide  the  time  of 
and  tropical  climates  the  fourth  u^ciilation  of  the  pciuiulunt.    (By  one 

Dindioiu  for  prtjxtrinj  «  .  /  iising  appara-  .  oscillation  is  meant  the  passage  of  the  ball  of 
liis/or  tealAifr  fMlTDlMm  oil  (these  direoti^        i  the  pendnlnm  from  the  greatest  distamoe  from 


the  va])  ur  which  became  disengaged  in  the  act 
of  filling  the  oil  oup.  Prolonged  cooling  of  the 
oil  appeared  to  rednoe  the  liMllity  to  tiiis  die* 

engagement  of  vapour,  but  the  cnlv  pmrtically 
available  method  of  eliminating  tliis)  source  of 
disorepaneies  was  found  to  be  the  adoption  of 
some  expedient  for  getting  rid  of  the  vapour 
before  commencing  the  operation  of  tasting  or 
before  the  flashing-point  of  the  oil  was  reached. 
Various  methods  ol  efiecting  this  object  were 
tried.  Hie  vapour  was  easily  removed  by 
gentiy  blowing  over  the  surface  of  the  oil  before 
placing  the  oover  on  the  oup,  or  by  the  use  of  an 
aspirator  attedied  to  tlie  cover,  or  by  leaving 
the  test-slide  withlrri'^-n  f'  r  pome  time:  but  it 
was  ultimatelv  dccide<i  to  recommend  the  com- 
mencement of  the  test  many  degrees  bdtow  the 
flashing-point,  so  that  the  disengaged  vapour 
might  b<'  removed  by  the  current  of  air  created 
by  the  t*ffrt-llaine  in  suceessive  quantities  too 
small  to  cause  a  flash  before  the  active  volatilisa- 
tion of  the  oil  began.  With  this  modification  in 
tUi-  iiirflj Mil  (  f  ^ii'l'^yiug  the  test  in  a  tropical 
country,  the  apparatus  is  caused  to  give  results 
wliioh  agree  very  dovely  with  those  whieh  it 
furnishes  in  a  temperate  climate.    Obviously,  a 
portion  of  the  volatile  constituents  of  the  oil 
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the  vertical  oa  the  one  »ide,  to  the  greatest  dis- 
tance on  the  other.) 

If  a  flash  OOOUTM  at  the  first  application  uf 
the  t«8t'flanie  (at  dG^'F.).  or  at  any  point  below 
TS'^F.,  the  operation  i*  to  be  repeated  with  a 
iraah  portion  of  the  oil»  which  ia  oooied  down  to 
6S*F.  Defore  being  placed  in  the  can,  Tha  first 
application  of  thtj  te^t-naino  Ls  inada  when  the 
temperature  oi  the  oil  iias  ruiu^ked  (Xf¥. 

In  repeating  a  test,  a  fresh  sample  of  oil 
rrri^i  ■\]wnys  be  nsadt  the  tested  i 
thrown  away. 

5.  Correction  for  atmospheric  prewure. — 
As  the  flashing-point  of  an  oil  is  influenced  by 
changes  in  atmoHpherio  presHure  to  an  average 
extent  cif  i  tj'^F.  fur  every  inch  of  the  baroinet<T, 
ft  gorrection  of  the  observed  flaahing-poiut  may 
become  neoeMwy.  The  height  of  tM  narometer 
must,  therefore,  be  determined  at  the  time  of 


making  the  tost  for  the  flashing-point.  An 
aneroid  barometer  ia  soi^pUed  for  tnis  purpose. 

To  facilitiito  the  correction  of  a  flashing-pi)iiit 
for  pr»'s>ure  a  table  is  appended  {an^  tiiblc 
following  the  directions  for  applying  the  tost  in 


hot  cUmates),  givi 
ranging  from  65*- 


the  flasoing-points  of  oils 
'^F.,  under  pressures  ranging 
from  27-Sl  inches  of  inrn  ury. 

The  table  is  used  in  the  following  manner  : — 
Wtmv^ — An  dl  has  given  a  flashing-point 
of  71%  thn  barometer  being  28-6 ;  take  the 
nearest  number  to  71"  in  the  vertical  column 
headed  aS-fi.  This  mirnlier  is  70-8.  Substitute 
for  tliir*  the  number  in  the  same  horixontal  line 
in  the  column  headed  30  (the  normal  height  of 
barometer).  The  substituted  number*  the 
true  flashing-point  ol  the  oil,  is  78**. 


Tht!  folluwinp  (]Ir<'eUi)ns  apply  to  the  use 
the  Abol  iVtruleuiu  Tei»t4>r  in  hot  cUmates. 


of 


DineUomfor  drau-ing  the  .HfiJivfh 

it  Jor  itisiing. 

1,  Drauing  the  aampU. — In  all  cases  the 
testing  oificer,  or  some  person  duly  authorised  by 
him,  shall  personally  superintend  the  drawing 
of  the  samme  from  an  origmal  unopened  tin  or 
other  vessel. 

An  opening  sufEciontly  lar^o  to  admit  of  the 
oil  being  rapidly  poured  or  siphoned  from  the 
tin  or  other  vessel  sliall  be  mnile. 

Two  bottles,  each  of  the  capacity  of  about 
forty  fluid  ounces,  are  to  be  filled  with  the  oil. 
One  uf  thesL',  tlie  Luntents  of  which  is  intended 
to  be  incbtrvcd  fur  reference  in  Cik»c  of  need,  is 
to  be  carefully  corked,  the  cork  being  well  driven 
home^  oat  on  level  with  the  neck,  and  melted 
sealing-wax  worked  into  it.   The  other  bottle 

may  bo  t-itluT  st<j|>i>enMl  or  corked. 

2.  Preparing  the  sample  Jor  tesUng. — About 
ten  fluid  ounoes  of  the       soffioient  for  tiuee 

tests,  am  tran'-fi'iTf  l  fr.irn  (he  bottle  info  wluch 
the  Buuipiu  liKu  be<.-ii  diawa  U)  a  pint  ll a.-^k  or 
bottle,  which  is  to  be  iinmerhctl  in  wat<r  aiti- 
ficially  cooled  until  a  tlitTuionietcr.  intrnduced 
into  the  oil,  indicutcii  a  temperaturu  not  exceed- 
ing OQPF. 


Dindionsfor  preparing  and  using  the  test 
apptmtut, 

3.  Preparing    the.    iratrr-hnlh. — Thi 


until  it  begins  to  flow  out  ut  the  o\  <'rtlu\v-pip<>. 
The  temperature  of  the  water  at  tiu-  cutimu-nce- 
mcnt  of  each  t<;»t,  u.s  intUcated  by  the  long  bulb 
thermometer,  is  to  be  ISO^'F.,  and  this  is  attaimd 
in  tho  tirst  Mistance  Ijv  mixing  hot  and  cvld 
water,  either  in  the  bath  or  in  a  vessel  irua 
whieh  the  bath  is  filled,  until  the  thermometer 
which  is  provided  for  testing  the  temperature  of 
the  water  giveb  the  proper  indication;  or  the 
water  is  heated  by  means  of  a  Hpiixt>lamp  (which 
pie  being  in  attached  to  the  stand  of  the  apparatus)  OOtil 
tiu*  required  temperature  is  indicated. 

4.  Preparing  the.  test-lamp. — ^Tho  test-Ump 
is  fitted  with  a  piece  of  cylindrical  wick  of  such 
thickness  that  it  fills  the  wick-holder,  but  may 
readUy  be  moved  to  and  fro  fur  the  [mrpi  se  of 
adjusting  the  size  of  the  flame.  In  the  body  of 
the  lamp,  upon  the  wiok,  which  is  odied  wiuiB 
it,  is  placed  a  small  tuft  of  cott  n  ol,  moiston'-ri 
with  petroleum,  any  oil  not  absorbed  by  the  wiaJ 
being  removed.  When  the  lamp  has  been 
lighted,  the  wick  is  adjusted  by  means  of  a  jjiIt 
of  forceps,  or  a  pin,  until  tho  flame  U  the  aizv 
of  the  bead  fixed  on  the  oovw  of  the  oil-cup ; 
should  a  particular  test  occupy  so  long  a  tune 
that  the  flame  begins  to  get  smaller,  through 
(lie  supply  of  oil  iu  the  lamp  becuniing  exliausteil, 
three  or  tour  drops  of  petroleum  are  allowed  to 
fall  upon  the  toft  of  wool  ia  the  lamp  from  the 

dropping  bottle  or  pijxtte  provided  for  the  pur* 
pose,  ihiii  cau  be  uafeiy  done  without  inter- 
rupting the  test. 

5.  Filling  the  oil-cup. — Befc^re  the  oil-CTip 
is  tilled,  tho  lid  is  to  be  made  ready  for  bciug 
plaeed  upon  the  cup,  i.e.  the  round-bulb  ther- 
mometer is  to  be  inserted  into  the  socket  (w 
that  the  projecting  rim  of  the  collar  with  whmi 
it  is  fitted  touches  the  edge  of  the  socket  ),  aixJ 
tho  test-lamp  is  to  be  placed  in  position.  The 
oil-cup,  having  been  previously  cooled  by  pladng 
it  bottom  downwards  in  water  at  a  t«>niptT.ttTjre 
not  exceeding  60'*J3\,  is  now  to  be  rapidly  wiped 
dry,  plat  ed  on  a  levd  soifaoe  in  a  good  Ught, 
and  tho  oil  to  be  testwf  is  ponrcd  in  without 
hplojihing  until  ita  iiurfaco  is  level  wilii  the  point 
of  the  gauge  which  is  fitted  in  the  cup.  The  hd 
is  then  put  on  the  cup  at  onoe,  and  pressed 
down  so  that  ita  edge  rests  on  the  rim  of  tne  eop. 

G.  Apj'Iirad'on  <>J  tht  itst. — The  watcr-l«;it!i. 
with  its  thermometer  in  position,  is  placed  in 
some  locality  where  it  is  not  exposed  to  ewnents 
of  air,  and  where  the  bght  i?*  Bu£Bciently  sub- 
dued to  admit  of  the  size  of  the  entire  test-flame 
bd^  oompared  with  that  of  tho  bead  on  the 
cover.  The  cup  ia  carefully  lifted,  without 
tjluiking  it,  and  pl.ued  iu  the  balli,  the  lei>t-lanjp 
is  lighted,  and  the  elwkwork  wound  up  by  turn- 
ing the  kev.  'the  thermometer  in  the  oil-eup  is 
now  watched,  and  when  the  tempeiatnre  ntf 
reached  r>«>''F.  the  clockwork  is  Set  in  motioo  by 
pressing  the  trigger. 

If  no  flash  takes  rdaee,  the  dockwork  is  at 
onro  rr-wouml.  and  the  trigger  prepncd  at  57  F. 
and  Hi  on,  at  cvii\  degree  rise  of  temperature, 
until  the  flaiih  oe  uiH,  or  until  a  temperature  of 
y5°F.  has  been  readied. 

If  the  flabh  takes  place  at  any  temperature 
below  77''F.  the  temperature  at  which  it  oecurs 
is  to  be  recorded.  The  fresh  portion*  of  tk 
mrnple  are  then  to  be  sueceesively  testod  in  a 
siniil:ir  iiiiUHK  i  and  the  rcsnlts  recoidcd.    If  no 


w,i  tci  - 


iMth  is  filled  by  pouring  water  into  the  funnel  greater  dillereuoe  than  2  F.  exista  between  «uy 
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two  of  th?  three  recorded  results,  each  result  is 
to  bo  correct e<l  for  atmospheric  pressure,  as 
het6>fter  de.scrilxxi,  and  tlxe  average  of  the 
three  corrocted  results  is  the  flashing-point  of 
the  sample.  In  the  event  of  there  oeing  a 
greater  differonco  than  2°F.  between  any  two 
of  the  reeults,  the  series  of  tests  is  to  be  rejected, 
and  ft  fresh  series  of  .three  similariy  obtained, 
and  so  on  until  a  sufficiently  concordant  series 
is  furnished,  when  the  results  are  to  be  oorreoted 
sad  the  avetBge  teksn  in  the  msimsc  slieady 
dsscribed. 

No  flash  which  takes  place  within  eight  de- 
Incest  ol  the  temperatnie  at  which  the  testing 
18  commenced  shall  be  accepted  as  the  true 
flashing-point  of  the  sample  tested.  In  the  ; 
event  of  a  flash  occurring  iit  or  below  64°  when 
the  test  is  applied  in  the  mi^n^yir  above  described 
the  next  testing  shall  be  oaoimeooed  ten  degrees 
Inwer  than  the  temperature  at  which  the  flash 
had  been  previously  obtained — ^that  is  to  sav,  at 
or  thereunder,  and  this  procednve  shall  bo 
continued  until  the  results  of  three  consecutive 
tests  do  not  show  a  greater  difference  than  2°. 

If  a  temperature  of  76*^.  has  been  reached 
without  a  flash  occurring,  the  application  of  the 
tsst'flame  is  to  bo  continued  until  a  temperature 
of  86*F.  h&s  been  reached.  If  no  fla.sh  has 
ooooned  up  to  this  point,  and  if  the  petroleum 
is  deolazedto  be  imported  subjeot  to  the  pro* 
visions  of  the  Act,*  the  tonta  shall  not  bo  con- 
tinued, and  the  testing  oilioer  shall  certify  that 
the  |ietroleuni  has  a  flashing-point  of  over  95" 
and  IS  not  dangerous.  But  if  the  petroleum  is 
oil  onlinarily  used  for  lubricating  purposes,  and 
is  declaied  to  have  its  flashing-point  at  or  above 
200*,  or  is  oil  to  whioh  a  notification  of  the 
Governor  in  Exeoutive  Council  exempting  it 
from  the  op4  r!iti()n  of  the  Act  will  bo  applicable 
in  the  event  of  the  flashing-point  being  found  to 
he  at  o«  above  190*,  1^  test  shaU  be  oont&iiisd 
as  f oUowi  I— The  oil-onp  is  to  be  zomoved  from 


the  wa tor-bath,  and  the  temperature  of  the 
water  in  the  water- bath  is  to  be  reUuce<l  to  95*F. 
by  pouring  cold  water  into  the  fiumel  (the  hot 
water  escaping  by  the  overflow  pipe).  The  air- 
ohamber  is  then  to  be  filled  to  a  depth  of  1^ 
inches  with  water  at  a  temperature  of  alx)ut 
95*'F.,  the  oil-cup  is  to  be  repiaoed  in  the  water- 
bath,  and  the  8pirit>lamp,  attached  to  the  water* 
bath,  is  to  be  lighted  and  placed  underneath. 
The  test-flame  is  then  to  be  again  applied  from 
96*F.,  at  every  degree  rise  of  temperature  as 
indicated  hy  the  therznometer  in  the  oil-cup 
until  a  iiash  takes  place,  or  imtil  a  temperature 
of  200**F.  or  120''F.,  as  the  ease  mav  be,  has  been 
reached.  If  during  this  openttum  the  test- 
:  flame  appears  to  diminish  in  Bise»  the  lamp  is 
to  be  replenished  in  the  manner  piMSlibed  (at 4) 
without  interrupting  the  test. 

H  a  ilash  ooeon  at  any  temperature  hetwBMi 
76"  and  200*F.,  the  temperature  at  which  it 
occurs,  subject  to  correction  for  atmospheric 
pressure,  is  the  flashing-point  of  the  sample. 

In  repeatinp  a  test  a  fresh  sample  of  oil 
must  always  bo  used,  the  tested  sample  beinji 
thioim  4way,  and  the  cup  must  be  wiped  dry 
from  any  adhering  oil,  and  cooled,  as  already 
described,  before  receiving  the  fresh  sample. 

7.  Correclion  for  atmospheric  pressure. — As 
the  flasiiing-point  of  an  oil  is  influenced  by 
changes  in  atmosphwio  pressnie  to  so  average 
extent  of  1-0*F.  for  every  inch  of  the  barometer, 
a  correction  of  the  observed  tiashing-point  may 
become  necessary.  The  height  of  the  barometer 
must,  therefore,  be  determined  at  the  time  of 
making  the  test  for  the  tla.shine-point.  An 
anen)id  barometer  is  su]>plieii  for  this  purpose. 
To  facilitate  the  ooixection  of  a  flashing-point 
for  preasme  a  table  is  appended,  giving  flashing* 
p<  lints  of  oils  ranging  from  65°  to  80° F.,  under 
pressures  ranging  from  27  to  31  inches  of 
■ssioQiy* 

The  table  is  used  in  the  ftdlowing  manner  s— 


TaBLa  worn  Correction  ov  Fr.ASHiNa-roiNTs  ikdicated  by  the  Test  fob  ViBianoira  DT 
Barombtbio  Fbbssubs  on  sithsb  sit>k  or  Thirty  Incbbs. 


270  27-2  27-4  27-6  27-8 


1  1 


280  28-2  28-4  280' 28-8  290 

I      I      I      I  I 


29-2  294  290  29*8 


30 


30*2  30-4 


I 

30-61 30-8 


310 


Flashing  Point  in  Degrees  Fahrenheit. 


;60*2 

161.2! 
162-2 
G3-2 

64-  2 

65-  2 
,60-2 

67-2 
{08-2 
i69-2 

70-  2 

71-  2 

72-  2 

73-  2 
,74  2 
76-2 


eO'Sjoo-s 

61 -  .5  61-8 

62-  5  62-8 

63-  5  63-8 

64-  51 64-8 

65-  5  65-8 

66-  5  66-8 

67-  5  67-8 

68-  5  68-8 

69-  .5  69-8 

70-  5  70-8 

71  fj  71-8 

72  5  72-8 

73  5  73-8 
74-5  7 4  8 
76-5:76-8| 


61 -21 61 

fi2-2  (?2 
03-2  03 
64'2|64 

65-  2  66 

66-  2 

67-  2 
«58-2 

69-  2 

70-  2 

71-  2 

72-  2 

73-  2 

74-  2 

75-  2 


66 
07 
68 
69 
70 
71 
72 
73 
74 


61-8 

02-8 
63-8 
6i'8 

65-  8| 

66-  8 
f>7  S 

5;  68-8 
5  69-8 
.5  70-8 
.'>  71-8 
5  72-8 
5!  73-8 
5  74-8 
f)  7.') -A 


62-  1  62-4  62-8 

63-  1  63-4  63-8 

64-  1  64-4  (}4-8 

65-  1  66-4  65-8 
66*1  6641 66-8| 
67-1 1 8741 67-8' 
08-1  ns-1  08-s 

(i9-l  694.69-8 
70-1' 704  70-8 
711  714  71-8 

72  1  724  72-8 

73  1  734  73-8 
741  74-4  74  8 
75-1  7r.-4  75-8 
70- 1  70-4  70-8 


03-1 
641 
651 

66-  1 

67-  1 

68-  1 
09-1 
701 


70-2|7fl-5j  76-8  77-1  774.77-8 


634  63-7  640  644 

644  64-7  650  654 
654  05-7  660  60  4 
664  66-7  67-0  67-4 
674,67*7i680  084 
68-4!  68*7  690  694 
694  69-7  700  704 
704  70-71710  714 

71-  7  720  724 

72-  7  730  73-4 

73-  7i740  744 

74-  71750  754 

75-  7  760l  764 

76-  7  77-0! 774 

77-  7  78-0} 784 

78-  7i790  794 


7Mi714l 

72  1  724 

73  1,734 
74-1744 
75  11754 

76-  1  764 

77-  1  774 

78-  11 784| 


64-  7 

65-  7 

66-  7 

67-  7 

68-  7 

69-  7 

70-  7 

71-  7 

72-  7 

73-  7 

74-  7 

75-  7 

76-  7 

77-  7 
7S-7 
79-7 


65 

66 
67 
08 

6e 

70 
71 
72 
73 

74 
75 
76 
I  I 
78 
71» 
80 


65-3 
68-3 

67-  3 

68-  3 

69-  3 

70-  3 

71-  3 

72-  3 

73-  3 

74-  3 

75:{ 

76-  3 

77-  3 
7H-:{ 

79-  3 

80-  31 


66-6  660 

66-  6  670 

67-  6  680 


68-  6 

69-  6 

70-  6 


690 
700, 
710I 


71-  6  720 

72-  61730 

73-  6  744)1 

74-  6'  750 

75-  6  760 

76-  6  770 

77-  6  78  0 

78-  6  79-0 

79-  6  80-<) 

80-  6|81O, 


66-  3 

67-  3 

68-  3 

69-  3 

70-  3 

71-  3 

72-  3 

73-  3 
74>S 


76-  3 

77-  3 

78-  3 


66-6 
07-6 

68-  6 

69-  6 
700 
710 

72-  6 

73-  6 
74*6 


76-3  75*6 


76-  fi 

77-  6 

78-  6 
79-3  79-6 
HO -3  S()  «i 
81-3|81-6 


*  Ihe  Indian  Potrolenm  Act  is  here  lelSrced  to. 
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Example. — An  oil  has  given  a  flashing-point 
of  71*,  the  barometer  being  at  28-6 ;  take  the 
nearest  number  to  71*  in  the  vertical  column 
headed  28*6.  Thia  number  it  70*8.  Substitute 
for  this  th0  nmnber  in  the  mme  horizontal  line 
in  the  rolimiii  headed  30  (the  normal  height  of 
the  barometer).  The  substituted  number,  t.e. 
the  true  flashing^point  of  the  oil,  is  73*. 

* Dnnfreroiis  petroleum'  is  defined  by  the 
Indian  Petroleum  Act  as  '  petroleum  having  its 
flatlljng-point  below  76*  ot  Fahrenheit's  ther- 
mometer.  Provided  that,  when  all  or  any  of  the 
pe^Ienm  on  board  a  f>hip,  or  in  possession  of  a 
dealer,  is  declared  by  the  master  of  the  ship  or 
the  consignee  of  the  oaigo,  or  by  the  dealer,  as 
the  oaae  may  be,  to  be  of  one  uniform  quality,  the 
petroleum  shall  not  be  deemed  to  Ix-  danirerous 
if  the  samples  selected  from  the  petroleum  have 
their  flashing-points,  on  an  average,  at  or  about 
73°  of  Fahrenheit's  thermometer,  and  if  no  one 
of  those  samples  has  its  flashing-iwint  below  70* 
of  that  thermometer.' 

The  Abel  apparatus,  with  a  standard  of 
22*C.,  was  in  1886  adopted  as  the  legal  test  in 
Sweden,  and  in  the  year  1S88 
a  Bill  was  introduced  in  the 
Danish  legislatore  to  tnhttitQte 
the  Abel  tester  with  a  standanl 
of  23°C.,  for  the  open  tester, 
with  a  standard  of  40°C.,  then 
in  use  in  Denmark.  In  Russia 
the  standard  with  the  Abel- 
Pensky  instrument  is  28*C. 

The  Abel  t^ter  is  bv  no 
means  the  only  form  of  elosed 
testing  apparatuH  at  present  in 
use,  and,  in  addition  to  those 
aotually  employed,  a  large 
number  of  instruments  on  the 
elosed-cup  principle  ha\e  l>een 
devised.  Many  years  ago  Tag- 
liabue,  of  New  York,  introduced 
an  apparatus  (Figs.  11  and 
12)  with  a  covered  bra.'^s  oil 
enp  oommunioating  by  means 
of  a  spring  yalTO  with  a 
The  opening  of  the  valve 
and  the  simultaneous  introduction  of  a  flame 
into  the  eliimney  determinea  a  onivent  of  air 
thro»igh  the  ujiper  prirt  of  the  oil-cup  wliieh 
sweeps  out  the  inlhuninablo  vapour  and 
brings  it  into  contact  with  the  flame.  Tag- 
liabue  also  constructed  a  larger  instrument 
of  the  same  forin  with  a  glass  oil-cup.  The 
Michigan  and  Wi.iconsin  States  tr-ter  has  a 
copper  oil  cup  with  a  copper  cover  provided 
vith  a  small  orifioe  to  ivmoh  the  test  flame  is 
applied.  The  New  V  rk  State  tester.  d(  vi-rd 
by  Elliott,  has  a  glass  oil-cup  of  conii>ara- 
tivcly  large  size  with  a  convex  glass  cover. 
Parrish's  nnphthometer  (Fig.  13)  is  provided 
with  a  stationary  test  flame  fed  by  the  oil  in  the 
testing  cup.  and  Foster's  automatic  tester 
(Fig.  14)  is  similar  in  principle.  In  Millspaugh's 
oloeed  tester  (Pig.  15)  the  oil-cnp  is  of  glass  and 
is  immersed  only  to  tlio  extent  of  oiu  -U  tith  of 
its  depth  in  the  water.bath,  with  the  object, 
apparently,  of  preventing  the  overheating  of 
the  surface  of  the  oil.  Mann's  tester  (Fig.  10) 
represonta  an  nttemyit  to  rejmuluce  in  the 
testing  appara I  us  the  conditions  prevailing  in 
an  ordinary  petroleum  lamp,  the  burner  of  the 


lamp  being  replaced  by  a  tube,  the  stopper  of 
which  is  blown  out  when,  upon  the  introduction 
of  a  li^t  thfongh  a  iateial  opening,  ignitioii  of 


Fio.  11. 
dwarf  chimney. 


li. 

The  sni.iher  ilhistration  repres'^nts*  In  section  the 
envcr  of  till'  InHtruiiifnt  ^liow-n  in  I'iK- 11.  (t,  «•  Cover. 

Moval>le  bar,  wntli  oinninns  /.  /,  rioged  by  Mie 
bar  r,  benrath  wbloli  is  a  Kprin^.  r.  Kod  to  depress 
tbf  bar  e,  anri  thui  uncover  the  opi  ninii*  /,  /.  a- 
Handle  to  move  ttir  bar  b,  b.  0.  Hood  with  opening 
ioT  in-* -r! ion  of  llnmi'. 

The  larger  illustration  reprefentx  in sr-eilon  a«impler 
form  of  the  iuMtniinent.  a.  Water-bath.  li.  Oil-cup. 
e.  Hood,  with  op«Diiigo.  D.  Tbermometer.  B.  Lamp 
furnace,  f.  lAiQp.  b.  Plvoted  covsr,  olostiig  otlfloe 

beneath  It. 

the  vapour  occurs.  In  F^jaso's  closed  tester 
(Fig.  17)  the  vapour  is  ignited  by  an  electrio- 
sparic  The  writer  remembexs  seeing,  about 


Fio.  13. 

A.  Oil-cup.  c.  Water-bath.  D.  Lamp-furnace, 
c  Sercon,  with  rIuss  plate  /.  n.  Cliambpr  commnni* 
rating  with  the  air.  with  opeainR*  a  (for  circulation  of 
air)  and  b,  b  (to  allow  pa<i«ag«  of  nil  from  B  into  A). 
(I.  Cylinder  cupporf  invr  a  vtuall  wkk  for  te«t  ttam<9. 

the  vear  187U,  a  clo.scd  le  ter,  with  electric-spark 
ii^  iiting  arrangement,  in  use  by  Dr.  Leiheby  in 
iiis  laboratory  at  the  London  HospitaL  The 
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oil-cup  WM  of  glaas,  with  a  hinged  metal  cover, 
irhich  w^a  blown  open  when  the  vanour  ignited. 
In  1H82,  Braun.  of  Berlin,  patent<Ml  a  magnetic 
pendulum  arrangomont  for  applying  the  te«t 
fljimo  in  the  Abel  apparatus.    In  1881,  Engler 


menta  can  thus  he  conHtructod  to  give  con- 
cordant rcHults  if  used  with  a  roasonablo  amount 
of  care.  The  apparatus  known  as  the  Engler 
tc«tcr  (Fig.  18)  consista  of  a  copper  water-bath 
surmountwl  by  a  second  water- bath  of  glass 
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A.  on-«jp.   B.  Wat«r-bath.   0.  Jacket.  D.  Flaih-Jct. 

and  Haas  matlo  a  number  of  experiment*  with 
the  Abel  apparatus  and  other  t<»flting  instrn- 
ment«,  and  expressed  the  opinion  that  the 
addition  of  an  arrangement  for  agitating  the  oil 
was  desirable ;  Victor  Meyer,  however,  pre- 
viously propofMsd  the  addition  of  a  stirrer. 
Owing  to  the  facts  that  in  the  use  of  the  Abel 
tester  a  layer  of  vapour  of  gradually  increasing 
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thickness  is  formed  upon  the  surface  of  the  oil 
and  that  the  temp<  rature  of  the  oil  in  not  uni- 
form throughout,  it  is,  no  doulit,  ncccHnary  thnt 
the  tlimeuHions  of  the  air  space  al)ovi!  th<'  oil, 
the  depth  to  which  the  teHt-llamc  is  in.H<  rt«  <l.  the; 
size  of  the  test-flame,  the  size  of  th<r  oriliee.- 
in  the  cover,  the  ponition  of  the  therniomt  ler 
bulb,  and  other  pjirticuiiirH.  should  Im-  d.  litu  d 
with  greaU-r  accuracy  than  would  prol«)il)ly  In- 
m-oeHHarv  if  «  stirn-r  were  ftdd<  <l,  but  exjierienee 
hiiM  Hhowti  that  the  AIkI  appJiriiluH  can 
rca«lily  standardiijed,  and  any  number  of  inalru- 
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supporting  a  glass  oil-cup  with  brass  cover  in 

wiiich   an)   two.  semi-circular  openings  with 

hinge<l  li<ls.    Two  in«ulat<'d  wires  in  connection 

with  a  small  induction  coil  terminate  in  platinum 

i)oints  1  mm.  apart  at  a  distance  of  i  to  §  cm. 

trom  the  surface  of  the  oil,  and  in  the  centre  of 

the  oil-cup  is  a  paddle  stirrer  attached  to  a 

spindle  passing  through  the  cover.  Beneath  the 

lower  water- bath  a  spirit 

lamp  is  placed,  and,  as  the 

temperature  approaches 

the  flashing-point  of  the 

oil,  the  spark  is  passed  at 

each   degree   rise   in  the 

thermometer,    care  lx?ing 

taken  that  the  passage  of 

the  spark  in  eontinued  from 

half  to  one  K«cond.  Aft<.'r 

each    application    of  the 

spark    the   oil    is  gently 

agitateil    by   rotating  the 

stirrer.    When  the  ignition 

of  vajxjur  occuTrt  the  hinged 
flaps  are  thromi  open.  It  is 
claimed  that  by  the  use  of 
the  double  water-bath  and 
the  stirrer  the  heating  is 
rendered  hIow  and  regular, 
and  aw  far  as  jMifs.sible  in- 
de|)endent  of  the  size  of 
tlie  heating  flame;  also 
that  by  th<  empl«)vment  of 
the  ei.ctri<:  Hi)ark.  the  h\7A',  intensity,  ami 
distance  of  the  innitiiig  fr'""  tlx-  ..il  an- 

n  nderetl  uniform.  Moreover,  that  the  .  x- 
tniiieous  formation  of  vaiv.ur  thn.uyh  lh«- 
li.  iting  of  lb.'  surfiu<-  of  tlm  oil  wbi.  |i  may  take 
place  when  an  ordinary  l.  sl  IIiuih-  is  .  iiiplov  .l 
rimnot  occur  in  the  use  <if  th.-  .  leelric  spiirk  as 
d.scribeil.    Finally  it  is  contended  that  the 
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A.  Watcr-t»ath.   ».  (HI- 
cup.   e.  Sjmrk  wirrs. 
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eondition«  prevailing  in  a  petroleum  lamp  are 
reproduced  to  a  large  extent  in  the  luiglcr 
tester. 

Among  other  systems  of  t«8ting  are  those  of 
Liebcrmann,  Beilstein,  and  Stoddard,  which  arc 
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A.  Copper  water-bath.  Ii.  Spirit  lamp.  r.  o.  Glaw 
wati^r-baili,  witli  filling  mark  etched  upon  it.  m,  m. 
Cover.  K.  TfiermoniPt«>r,  Mupportcd  in  tlu-  water  by 
collar  n.  o.  (ilasB  oil-cup,  with  tlliinK  mark,  s,  t. 
Opening*  with  hinged  covers.  (,  t.  Conducting  wirt^a, 
in8ulnt4-<i  by  ebony  rings  u,  u.  and  terminating  in 
platinum  Points,  p.  Stirrer,  with  handle  q.  r.  Ther- 
mometer in  the  oil. 

based  upon  the  principle  of  blowing  air  at  in- 
tervaln  through  a  jut  plunged  beneath  the  sur- 
face of  the  oil,  contained  in  a  vc«4<m*1  in  which  it 
can  be  gradually  heated,  until  inflammable 
vapour  is  evolved.  In  Bernstein's  tester  ( Fig.  19) 
the  level  of  the  oil  is  raised  from  time  to  time,  as 

the  temperature  of  the 
oil  increases,  imtil 
vapour  issues  from  the 
oil  chamber  and  ignites 
at  a  stationary  ilame, 
and  in  the  Ehrenberg 
tester  a  syringe  is  em- 
ployed to  expel  the 
vapour  from  the  closed 
oil  cliamber  and  bring 
it  into  contact  i^nth  a 
flame. 

There  yet  remains 
to  be  noticed  a  form 
of  petroleum  testing 
apparatus,  which  has 
been  employed  to  some 
extent  in  France,  in 
which  the  flashing-point 
is  deduced  from  the 
vapc)ur  tension.  This 
apparatus,  known  an 
the  Salleron  -  Urbain 
tester  (Fig.  20),  con- 
sists of  a  closed  metallic 
Flo.  ]'J.  vessel  aa,  in  the  cover 

of  which  are  inserted 
a  cylindrical  chau)lM<r  n,  a  n  gulating  k«  n  w  r, 
a  graduated  tube  in,  i  in.  in  length,  and  a 
thermometer.  The  cylindrical  chamber  in  closed 


at  the  top  by  a  screw-plug  p,  and  at  the 
bottom  by  a  sliding  plate,  which  cuts  Qff  com- 
munication between  the  chamber  and  the  vessel 
l)elow.  50  c.c.  of  water  having  been  placed  in 
the  lower  vessel,  the  cylindrical  chamber  is 
nearly  filled  with  the  petroleum  to  be  tested, 
the  sorew-plug  replaced,  and  the  apparatus 


-  m 
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placed  in  warm  water  until  the  temperature  has 
become  constant.  The  water-level  in  the 
graduated  tube  having  been  adjusted  to  zero 
by  means  of  the  regulating  screw,  the  oil  in  the 
cvlindrical  chamber  is  caused  to  flow  out  upt)n 
the  surface  of  the  water  in  the  lower  vessel  by 
moving  the  sliding  plate.  The  expansion  of 
the  liberate<l  vapour  of  the  petroleum  causes 
the  water  to  rise  in  the  graduated  tube,  and, 
when  the  level  is  stationary,  its  height  is  rea^l 
off.  In  a  table  published  in  1866,  Salleron  and 
Urbain  give  the  following  figures  of  sp.gr.  and 
vapour  tension  of  petroleum  at  15°: 


Density 

Tension  In 

Density 
at  150, 

Tension  In 

at  16=C. 

mm.  of  water 

mm.  of  water 

0*812 

0 

0-756 

125 

0-797 

6 

0-735 

410 

0-788 

15 

0-695 

930 

0-772 

40 

0-680 

1185 

0-762 

85 

0-650 

2110 

In  regani  to  the  Salleron-Urbain  system  of 
testing,  Engler  and  Haas  remark  that  the  method 
depends  up<jn  the  assumption  that  the  numbers 
which  express  the  expansion  of  the  petroleum 
vapour  run  parallel  with  the  temperature  of  the 
inflammability  of  all  kinds  of  petroleum  ;  but 
that  the  supposition  is  found  not  to  be  correct 
in  all  cases,  inasmuch  as  the  presence  of  a  small 
quantity  of  very  volatile  hydrocarbons*  occasions 
an  increased  pressure  in  the  apparatus.  The 
general  conclusion  is,  however,  expressed  that 
oils  which  exhibit  a  tension  of  not  more  than 
M  mm.  of  water  at  35°  may  be  considered  safe. 

*  Presumalily  a  quantity  too  small  to  sensibly 
affect  the  intlanunability. 
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In  a  report  to  the  New  York  State  Board  of 
HjMdth.in  1882,  Professor  Arthvr  H.  Elliott 
nootdfl  ilw  partiotilAn  of  a  Uxg»  number  of 


experimenU  with  vanous  forma  of  testing  appa- 
ratus, and  giTM  Ilia  foUowiog  table  of  canpaca* 
tire  reeoUe : — 


im»ed. 

L 

JL 

rr. 

1  V. 

1  ^ 

VU. 

vni. 

IX. 

X. 

XI. 

Flashing-points,  F. 

No.  1  . 

110" 

118" 

120" 

Ill" 

117" 

107" 

103" 

130" 

Ill" 

95" 

119" 

No.  2  . 

111" 

121" 

124" 

116" 

118» 

109" 

102" 

128" 

107" 

96" 

No.  3  . 

119" 

122" 

122" 

112" 

118" 

108" 

102" 

130" 

108" 

95" 

118" 

No.  4  . 

97" 

96" 

97" 

90" 

93" 

86" 

76" 

90" 

81* 

75" 

96" 

1.  Taeiiabuc  (opf-n  cup).  II.  Arnaboldl  (open  cup).  III.  Saybolt.  IV.  Tasliabae  (cl09<»d  cup — Hniall). 
V.  TaKliabue  (clowd  cap— large).  VI.  WiscoiulD  SUte.  VII.  Abel.  VIH.  Bemateiu.  IX.  Milidpaugh. 
X.  Mann.  XL  Foster. 

From  the  statomcnts  which  have  been  made 
it  will  be  evident  that  there  ia  a  regrettable 
abaenoe  of  uniformity  in  the  methotis  of  testing 
adopted,  not  only  in  difierent  countries,  but  also 
in  the  various  States  of  the  American  Union. 
The  existence  of  considerable  diversity  in  regard 
to  the  teet  standard  to  be  adooted  with  any  one 
sjnstem  of  testing  b  also  exhiDited  in  the  laws 
which  have  been  framed  in  the  United  States. 
The  latter  condition  no  doubt  arises  from  the 
fact  that,  at  the  outset,  no  systematio  attempta 
were  made  to  determine  (he  rclatiun  Iwtween  the 
flashing-point  of  an  uil  and  its  .safo  or  dangerous 
character  in  ocdiiuurv  use. 

(e)  Burning  muuitjf, — ^The  testing  of  the 
burning  quality  of  kerosene  is  regxdarly  effected 
in  well-conducted  refineries 
in  the  United  States  by 
burning  the  oQ  in  lamps  of 
the  usual  construction  and 
miting  the  diminution  in 
the  sne  of  the  flame  which 
occurs  in  a  stated  period. 
The  results  are,  however, 
dependent  iqpon  ao  many 
variable  oonditions  that 
attempts  have  been  made 
to  substitute  a  test  <*f 
greater  preciuon ;  but  be- 
yond the  improvement  of 
the  existing  test,  the  efforts 
made  have  not  been  attende<l 
with  success.  The  Saybolt 
lamp  (Fig.  21 ),  specially  con- 
structed for  testing  pur- 
poses^ oonsists  of  a  tall 
glass  cylindrical  graduated 
reservoir  of  small  diameter, 
with  a  liurner  which  fur- 
nishes a  well-shaped  fiat 
flame  of  oonriderable  height 
in  proportion  to  the  width, 
a  wick  carefully  sclec;tcd  for 
theporposa,  and  a  graduated 
glass  cnimncy.  llie  lamps 
are  burned  in  water  at  (HJ'^F., 
the  diminution  in  the  height 
of  the  flame  and  the  depression  of  the  oil  level 
being  noted. 

In  Canada  the  '  burning  percentage  '  is  deter- 
mined by  the  ose  of  a  lamp  thus  described : 
*  The  bowl  <rf  the  lamp  is  cyUndrieal,  4  in.  in 
diameter  and  2f  in.  deep,  with  a  neck  ](Iaccd 
thcroou  ol  such  a  height  that  the  top  uf  the 
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wick  tul>e  h  3  in.  above  the  bowl.  A  sun  hinge 
burner  is  used,  taking  a  wick  |  in.  wide  and  |  in. 
thick,  and  a  chimney  about  8  in.  long.'  The 
test  is  conducted  as  follows  :  '  The  lamp  bowl  is 
filled  with  the  oil  and  weighed,  then  lignted  and 
turned  up  full  flame,  just  below  the  smoking 
point,  and  burned  without  interfexenoe  till  12  os. 
of  the  ofl  is  oonsnmed.  The  qoaatity  oonanmed 
during  the  first  hour  and  the  last  hour  is  noted.' 
The  ratio  of  the  two  quantities  is  the  measure 
of  the  barning  quality,  and  the  percentage  that 
the  latter  quantity  is  of  the  former  ia  the-  born* 
ing  percentage  '  referred  to. 

The  writer  has  devoted  much  time  to  the 
perfecting  of  a  system  of  testing  burning  quality 
with  lamps  of  the  usual  construction,  and  has 
succeeded  in  eliminating  some  of  the  sources 
of  disorepanciea  in  the  reeuita  aiiorded.  Ob- 
viously  rae  wick  used  should  be  earefnSy  chosen, 
and,  OS  a  fresih  wick  should  be  employe*!  for  each 
test,  it  is  important  that  the  x^ick  should  be 
examined  before  use,  and  any  defective  portion 
rejected.  In  standardising  the  wick  and  veri- 
fymg  its  uniformity,  the  writer  lias  found  it 
advantageous  to  detsnnfno  the  qnantity  of  a 
mineral  oil  of  known  quality  drawn  out  of  a 
vessel  under  definite  conditions  as  to  temperature, 
&c.,  by  the  capillary  attraction  of  a  piece  of  the 
wiok  arranged  as  a  sjphon  (Fig.  22).  In  ail  cases 
the  wiok  must  be  dried  immediately  before  use 
and  immersed  in  the  oil  while  still  warm.  The 
oil  chambers  of  the  lamps  employed  must  be  of 
uniform  dimensions,  ana  tiie  burners  must  first 
be  tested  to  ascertain  that  they  furnish  similar 
flames  with  tho  same  oil.  The  wick  must  bo 
trimmed  with  scrupulous  care  before  the  lamp 
is  Ughted,  and  the  oil  in  the  lamp  mnat  be  main- 
tained  at  a  constant  temperature— that  of  60^. 
being  a  desirable  one.  Tho  wick  should  be 
raised  so  as  to  obtain  a  flame  of  the  lacnat  sixe 
possible  without  the  produetlon  of  smoim.  Vot 
recording  tho  size  and  shape  of  the  flame  at  tlie 
commencement  of  tho  experiment  and  the  dimi- 
nution in  size  and  alteration  in  shape  of  the 
flame  at  intervals  during  the  progress  of  the 
t^,  the  writer  has  found  it  convenient  to 
emplov  a  cameta  b^  means  of  which  the  ont- 
lino  of  the  flame  may  be  traced  on  thin  paper 
at  intervals  (Fig.  23).  No  general  agreement 
haf ,  however,  yet  been  arrived  at  as  to  the  extent 
of  diminution  which  shall,  under  the  specified 
eon^timis,  be  permismble  with  oOs  to  be  elsased 
as  i.f  s,iti«faclorv  burning  quality.  In  doubtful 
cases  several  tests  of  the  sample  should  be  made. 
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aa  the  results  appear  to  bo  sometimes  affected 
by  causes  not  well  understood.  In  consequence 
or  the  difficulty  of  dexHsini;  a  thoroughly  HatiH- 
factory  method  of  testing  oils  by  burning,  it  has 
been  proposed  to  establish  a  distillation  test,  the 
inferiority  in  burning  quality  being  supposed  to 


arise  from  the  oil  not  being  of  natural  composi- 
tion or  from  its  cont-aining  too  larpe  a  percen- 
tAgo  of  the  denser  hydrocarbons.  Attempts  in 
tliis  direction  have  not,  however,  been  attended 
with  success,  oils  of  different  burning  quality 
furnishing  in  some  cases  similar  results,  and  oils 
of  equally  good  burning  quality  sometimes  giving 
dissimilar  results  on  fractional  distillation.  The 
testing  of  the  oil  under  conditions  as  nearly  as 
possible  approaching  to  those  under  which  it  is 
practically  used  api^ars  to  be  the  most  rational 
moth»Kl  uf  determining  the  burning  quality, 
and  is  no  doubt  the  best  in  the  absence  of  any 
arbitrary  test  capable  of  being  easily  and  expe- 
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ditiously  applied  and  of  furnishing  trustworthy 
results,  l^ie  viscosity  of  the  oil  has  been  found 
in  some  cases  to  afford  a  useful  indication  of 
buming  quality. 

Kerosene  oil  should  bear  agitation  with  oil 
of  vitriol  without  materiiU  darkening  of  colour, 
and  warm  water  shaken  with  it  should  exhibit 
neither  miirk«'dly  alkaline  nnr  even  faintly  acid 
reaction,  and  should  give  no  j»rccipitatc  with 
barium  chloride  solution.  Vpim  being  distilled, 
kerosi'iie  should  not  evolve  sulphurous  acid.  If 
the  prestjuce  of  any  considerable  amount  of 
sulphur  comjKiumls  is  suspected,  the  oil  should 
bo  burned  in  a  lieferee'ti  gaa-testing  apparatus, 


or  in  the  Mahler  bomb,  and  the  sulphur  productii 
estimated  as  barium  sulphate. 

4.  Lighthouse  oil. 

The  Trinity  House  contract  conditions  for 
mineral  oil  intended  for  use  in  lighthouse  lamps 
specify  that — 

(1)  The  mineral  oil  required  to  be  supplied 
under  this  contract  is  to  be  of  the  best  possible 
qaality,  the  greatest  care  is  to  be  taken  in  its 
preparation,  and  it  must  be  perfectly  free  from 
sulphuric  acid. 

(2)  In  all  cases,  whether  the  oil  be  petroleum 
or  paraffin,  ite  flashing-point  is  to  bo  determined 
by  using  the  apparatus  described  in  Schedule  1 
of  the  Petroleum  Act  of  1870. 

(3)  If  the  oil  be  petroleum,  its  flashing-point 
is  to  be  not  lower  than  125°F.  (close  test),  and 
it  is  to  distil  between  302*"  and  572''F.,  the 
temperature  of  the  vapour,  not  that  of  the 
liquid,  being  taken. 

(4)  If  the  oil  be  paraffin,  its  sp.gr.  is  to 
be  not  less  than  0-810,  nor  greater  than 
0-820,  at  60°?.  ;  its  flashing-point  is  to  be  not 
lower  than  140°F.  (close  test),  and  it  is  to  distil 
between  302°  and  572°F.,  the  temperature  of  the 
vapour,  not  that  of  the  liquid,  being  taken. 

(5)  The  illuminating  power  of  the  oil  supplied, 
whether  petroleum  or  paraffin,  is  to  bo  equal  to 
that  of  the  best  colza  oil  when  consumetl  in  a 
Trinity  House  Argand  lamp. 

For  the  distillation  test  about  250  grams  of 
the  oil  may  be  taken,  the  operation  being  con- 
ducted in  an  ordinary  distillation  flask  with 
the  bulb  of  the  thermometer  midway  between 
the  shoulder  of  the  flask  and  the  lateral  tube 
leading  to  the  condenser.  The  upper  part  of  the 
flask  should  be  wrapped  in  asbestos  cloth. 

The  United  States  Lighthouse  establishment 
stipulates  that  mineral  oil  supplied  for  use  in 
lighthouse  lamps  shaU  havo  a  sp.gr.  *  not 
less  than  0-802,  a  flashing-point  of  not  less 
than  140°F.,  and  a  tire-test  of  not  less  than 
154''F.,  both  these  testa  being  made  with  Taglia- 
buc's  instrument.  The  oil  is  to  remain  limpid 
at  zero ;  and  '  litmus  paper  immersed  in  it  for 
5  hours  must  remain  unchanged.'  The  oil  is 
to  be  photometrically  tested  in  a  fifth-order 
Hains  lamp,  and  the  Ught  is  to  be  equal  to  that 
of  eighteen  sperm  candles,  and  to  continue  un> 
diminished  during  5  hours'  buming. 

5.  Lubricating  oils. 

a.  Colour.  In  the  case  of  what  are  known 
as  pale  oils,  the  trade  are  accustomed  to  take 
exception  to  any  marked  increase  in  the  ordinary 
deptn  of  colour,  but  as  yet  there  are  no  accepted 
standards  of  colour  for  these  oils,  such  as  have 
been  fixed  for  kerosene.  The  writer  has,  how- 
ever, for  some  years  past,  used  the  instrument 
(Fig.  24)  known  as  Lovibond's  Tintometer  *  in 
ascertaining  and  recording  the  colour  of  a  two- 
inch  column  of  lubricating  oils,  and  compara- 

■  Thlc  instrument,  dovisrd  by  Mr.  Joseph  W.  Lovi- 
bond,  of  Sali*biiry,  ronsiHts  of  a  covered  tronitli  or  Ik)X 
divided  lonKltudiually  liy  a  i<artition  terminatint;  in  a 
vertical  lini(e-edgi>  opposite  an  eye-piece  fixed  nf  one 
end,  and  forniinn  two  eh.iniieU  sliu'htly  diverKiiiu  from 
the  "'nd  at  wliicti  tlie  eyr-pirce  is*  iilaced.  In  one 
rhannel  tlie  lirpiid  tn  lie  rxaniined.  wlilch  in  contained 
in  a  rectanjnUar  (ell,  is  placed  ;  and  in  the  other 
channel  ninuhered  Blips  of  coloured  g'oss,  of  known 
dci>th  uf  tint,  are  inserted. 
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tive  results  Havc  thns  be0n  faraiilMd  lor  thie 
guidAOO«  nf  the  trado. 

h.  Odour.  Lobricating  oiln  nhould  be  frco 
from  tmfyjmtB»,tiio  odour,  m  fcho  ptoMmoe  of 
mwh  odour  would  indimte  thai  the  PP00088  of 
refining  hail  not  boon  Hat  i«f  i  1  ^  ;  ilv  cfirriofl  out. 

c  Specific  gravity.  Mineral  lubricating  oils 
of  abiiuw  dflscription  mm  fonnerly  i^ftded 
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■olely  with  rolorenoe  to  Mpt-cjlic  cravity.  but, 
exparienee  having  shown  that  the  Jonsity  is  not 
necessarily  an  index  of  the  lubricating  value, 
it  is  now  generally  reooi^nimd  that  apccilic 
gn^ity  in  of  leHH  irnj  orlanco  than  viycoHity, 

d,  Fkuhing-poitU  and  firt4e*L  In  the  do* 
tsmuRfttion  of  tho  flMhing>iioint  by  tho  olo««d 
ami  open  testa,  and  for  t Ik-  (ifUTinination  of  the 
fire'tcBt,  the  writer  i«  accuBtomeil  to  uho  »u  in- 
Htnimcnt  made  by  Pen«hy  of  Berlin.  In  \ia 
closed  form  ihiH  apparatus  resemhh'K  in  prin- 
ciple the  Abtil  tiMtor  employed  in  the  examina- 
tion of  keroRono.  The  water-bath  is,  however, 
replaced  by  aa  •ir^bath.  consisting  of  a  thick 
cast-iron  vessel  which  is  heated  by  a  Bunson 
bufJUT,  and  the  application  of  thf  ;,'as  tost-flaino 
is  e&GOted  thxoQgh  tho  medium  of  a  revolving 
vmtioal  nfaidlo  with  «  ium<oondiicting  cap, 
which  can  DC  grasped  by  the  finger  and  thumb 
without  inoonvenience  even  when  tht)  apparatus 
isuMd  at  high  temperatures.  In  the  uho  of  thin 
inwtniTnfnt  i\w  flutno  of  tho  bnriuT  should  bo 
adjasttcd  so  that  thu  tvjnporaturt:  of  thi-  oil  riwH 
at  tho  rate  of  about  10*F.  per  minute.  Thu 
latest  form  of  the  apnaratun,  known  as  tho 
Pensky-Martms  tester  (Fig.  26),  is  provided  with 
a  rpvolvinfj  Htirror  which  nt,'itat<^^,H  the  atmosphoo 
above  tho  oil  as  well  as  tho  oil  itself. 

n  tiie  oover  of  tho  oU-oup  bo  removed,  tho 
apparatus  referred  to  may  be  employ<  <l  f"r  tho 
determination  of  the  open- vessel  flai^iuu^  iMjjnt 
and  the  fire*t<est,  a  gas  flame,  not  mom  than  |  inch 
in  djani<  f<T,  Ixjing  used  to  produce  tho  ignition. 

Iiujpectora  of  luliricating  oils  in  tho  United 
States  commonly  use  in  ascertaining  the  tin  - 
tost  an  open  metailto  oup,  Hunport^nl  on  a  tripod 
stand  and  heated  directly  by  tho  flame  of  a 
spirit  lamn,  tho  terrnM  iatmr  I"  iiiL'  i;>i-'  d  at  tbo  j 
rate  of  eight  dcgn^f's  Fahronhoit  \n  t  nuauti'. 

In  some  cimw«  it  is  oustomary  to  t«^nt  the 
vnlntilitv  of  thf>  oil  by  noting  th*?  Iohh  of  v.*  '^  Iit 
»UKtaini'<I  by  a  givrn  quantity  of  tho  oil  v>\n  \\ 
exposed  forasiH'citi<Hl  lon((th  of  timt>  in  a  Hballow 
TOisel  to  an  eleyated  tempoialure.  The  oil  is 


sometimes  absorbed  by  filtsr>paper  before  eat* 

podure  to  heat.* 

«.  Coild'teM.  The  method  in  which  the 
'oold-test'  of  labrieating  oils  is  made  varies 
with  the  desoription  of  oil,  and  to  some  extent 

witli  tho  intrrprotatioii  which  tho  operator  plaor.s 
on  the  term.  Tho  cold-test  of  polo  oils  is 
usuallv  aooepted  as  beinie  the  pofait  at  idiioh  oo 
a  gradual  mduofion  in  tho  tomporature  separa- 
tion of  Kolid  liydroonrbous  commences.  To 
Home  desrriptionH  of  pale  lubricating  oils  the 
following  '  cold-test,'  which  may  be  termed  the 
'  cloud-test,'  in  applied  in  the  writer's  laboratory : 
A  boukor  alK)ut  3  itiK.  in  lioight  by  \\  ins.  in 
diameter,  is  filled  to  a  depth  of  1  in.  with  the 
oil  to  be  tested.  The  oil  is  slowly  eooled,  and 
fr  -j  tinio  to  timo  Is  pcntly  stirrod  with  a 
thuruiometer  until  the  first  indication  of  the 
separation  of  paraffin  is  observed.  This  indiea* 
tion  ofton  takefl  the  form  nf  a  cloTTrfi-  ■  trrrvm 
fuUowiujj  the  thermometer  as  it  is  sluu  ly  nio\  i  d. 
Some  of  tho  more  visoons  pala  oils  contain 
hydrocarbons  which  are  not  very  crystalline, 
roflombling  vaseline  rather  than  paraffin  wax, 
and  tho  point  at  which  thcso  hydrocarbons 
begin  to  separate  under  tho  influence  of  cold  is 
not  easilv  determined.  In  some  of  saeli  esses 
it  is  preferable  to  take  the  point  at  which  the 


¥\it-  1.  Ap|'aratu»  witli  tc-it-flnmo  in  |MMitiiiu  fi»r 
ItrnlllnR  tlio  vuprmr.  Kig.  2.  Covr  of  oil-<  ii|i.  Fiw'.  3. 
hitiu  view  uf  i-ovrt.  FiK.  4.  llanillc  (or  rcinoviug 
oil'cup  from  Itath  wlira  hot, 

oil  Ik  comic.h  p  iliicid  tu  a  s«  nii-H<>lid  <'oiivistoncy 
Ml-  ctiiVbCH  111  How  (Ml  iiictiniug  tlio  vcrt.Hol  lit  which 

■  The  wrItiT  Is  ArtMiHtntnisl  lo  rxpiKo  2A  Kram* 
(or  12  houf't  III  a  hIiuIIuw  dlxh  ti>  a  fvth|NTatnrc  of 
1      .  In  the  cas<>  u(  xplndle  an<l  riiiduc  oIIh.  omi  :jMi  F 
In  the  raw  ol  cyiintU-r  ollt. 
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it  ia  contained.  In  all  cases  it  ih  important 
that  the  temperature  of  the  bath  employed  for 
cooling  should  not  bo  much  lower  than  that  at 
which  the  separation,  or  solidification,  occurs, 
and  it  is  therefore  desirable  to  determine  ap- 
proximately the  cold-test  by  a  preliminary 
operation.  Where  the  separation  of  solid  hydro- 
carbons is  well  defined,  the  test  may  bo  made  in 
a  tul)e  about  1  in.  in  diameter,  containing 
about  1}  ins.  in  depth  of  oil  in  the  following 
manner :  Plunge  the  tube  into  a  vessel  of  iced 
water,  or,  if  necessary,  into  ice  and  salt,  until  a 
thin  layer  of  parafl^n  congeals  on  the  sides, 
stirring  tho  oil  with  a  thermometer  while 
the  reduction  of  temperature  is  being  effected. 
Take  out  tho  tube,  wipe  it,  and  holding  it 
between  the  operator  and  the  window,  stir  the 
contents  with  a  thermometer  until  the  last 
traces  of  paraffin  have  disappeared,  when  the 
temperature  is  to  be  noted.  Repeat  the  experi- 
ment, again  noting  the  temperature.  Make  a 
third  test,  and  if  tho  results  of  the  last  two 
experiments  agree,  reconl  this  temperature  as 
the  cold-test  of  the  sample. 

Black  oils  are  testeo  by  cooling  them  until 
they  cease  tt>  flow,  as  the  commencement  of 
tho  separation  of  solid  hydrocarbons  cannot  bo 
observed  in  these  oils. 

The  rules  of  the  New  York  Produce  Exchange 
provide  that  the  oold-tcst  is  to  be  determined  by 
cooling  tho  sample  in  a  glass  vessel.  4  ins.  in 
depth  and  3  ins.  in  diameter,  placed  in  a  re- 
frigerator. A  thermometer  is  to  be  placed  with 
its  bulb  in  the  middle  of  tho  oil,  and  another 
thermometer  is  to  be  placed  in  the  ice-chest 
outside  the  oil  vessel.  If,  when  the  two  ther- 
mometers both  record  a  specified  temperature, 
the  oil  is  still  limpid,  tho  cold-test  of  tho  oil  is 
deemed  to  bo  satisfactory.  Tagliabue  has 
dovised  a  convenient  form  of  apparatus  (Fig.  26) 
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A.  A,  A.  Non-oonductins  Jacket,  c,  r.  Irc-rhamljcr. 
F.  OII-roo!ing  chamber,  indnsing  the  oil-ctip,  which  Ih 
sup|x»rt<-d  on  a  rocking-Hhaft.  a.  Tap  for  draininR 
icc-chiinil)er.  J,  J.  Stop-rock",  through  which  wami 
air  may  l>e  forcfd  when  it  is  desired  to  raisf  the  tem- 
IK-raturi'  in  Y.  d,  d,  d.  TiicrmometX'rB ;  tlie  central  one 
tiaving  its  bulb  in  the  oil. 

for  the  application  of  this  test,  the  oil-cup  being 
sup|K»rtod  on  a  rocking  bar  in  a  jacketed  cooling- 
chandxT  with  a  ^lass  window.  In  j)ractifc. 
howi'ViT,  thr  ciiUi-u  st  i-<  usually  d<'|t  rinine<l  by 
roolin-,'  the  uil  in  a  glass  cylinder  !»  in.  iii 
diameter. 


/.  Vificwity.  It  has  been  already  stated  that 
this  test  has  lK»come  recognised  as  the  propi-r 
basis  for  the  grading  of  lubricating  oils,  and 
has  accordingly  Ijecome  of  oonsidernnle  import- 
ance. The  test  is  necessarily  an  arbitrary  one, 
and  there  is  at  present  no  universally  accepted 
method  of  testing  and  expressing  the  results, 
though  in  this  country  the  Redwood  viscti- 
mctcr  has  been  adoptetl  by  the  Admiralty, 
tho  War  Department,  the  principal  railway 
companies,  the  Scottish  Mineral  Oil  Associa- 
tion,  and  the  jx^roleum  trade  generally.  The 
simplest  form  of  instrument  available  for  the 
determination  of  viscosity  consists  of  a  glass 
pipette  tilled  to  a  mark  on  the  nock  and  allowtnl 
to  discharge  its  contents,  the  relation  between 
the  ])criod  occupied  in  the  outflow  of  a  given 
sample  and  that  required  for  the  discharge  of  a 
similar  quantity  of  a  standard  oil  expressing 
the  viscosity  of  the  former  sample  in  terms  of 
tho  latter.  The  standanlising  of  glass  pipettes 
is,  however,  difficult,  since  the  results  are  affected 
by  the  form  of  the  constricted  portion  of  the  tube, 
apart  from  tho  size  of  tho  orifice,  and  two 
pi])ette8  standardised  with  an  oil  of  a  certain 
viscosity  may  not  affonl  concordant  results  with 
an  oil  of  very  different  viscosity.  Moreover,  the 
maintenance  of  tho  required  temperature  of  a 
sample  contained  in  a  glass  pipette  cannot 
always  be  satisfactorily  effected.  For  these 
reasons  the  jackctctl  glass  viscometers  of  Veitch- 
Wilson,  Maclvor,  and  Sacker  have  not  been 
found  to  afford  sufficiently  accurate  results. 

The  Saybolt  viscometer,  in  its  original  form 
(Fiv;.  27),  is  provided  with  an  oil  vessel  of 
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comparatively  large  diameter  plaee<l  in  a 
water-hath  of  considerable  capacity.  The  visco- 
meter jet  is  of  metal,  and  is  inclosed  in  a  tul)e 
extending  below  tho  orifice.  Immediately  above 
the  jet  tho  oil  vessel  is  much  contracted  in 
diameter,  and  a  portion  is  cut  away  on  each 
side  so  as  U>  rx\x>m'  an  inner  glasts  tulx-.  j\t  a 
corresponding  lev«*l,  glass  windows  are  inserted 
in  tho  water-bath.    Round  tho  upjier  jiart  of 
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the  oil-veawl  is  fitU*!!  an  uil-tight  gallery  with 
raised  edge,  and  above  the  platform  of  the 
^'alK'n  the  oil-cylinder  ia  pierced  with  a  nurnhor 
of  small  holoe.  In  the  mso  of  the  apparatus, 
the  bftth  is  filled  iritb  water  at  the  required  tem- 
peratoie,  and,  a  oork  having  been  inserted  in  the 
month  of  the  tube  inclosmg  the  jet,  the  oil- 
vessel  is  filled  with  the  oil  to  be  teattnl,  until 
overflow  tluough  the  orifices  referred  to  occurs. 
The  oil  is  then  stirred  with  a  thermometer,  ^ 
ij^allcry  takint^  the  overflow,  and  its  temperature 
a<ljusted  if  necciisary.  On  withdrawing  the 
thermometer,  oil  passes  from  the  gallery  into 
the  oil-vessel  to  replace  that  which  had  over- 
flowed on  the  iiuserlion  of  the  instrument.  The 
gallery  is  then  emptie<l  hy  ineaiis  of  a  pipette, 
the  length  of  the  oil  column  being  thus  aeter- 
mined  by  the  position  of  the  oirele  of  holes ; 
the  flow  of  oil  from  the  jet  is  started  by  the 
withdrawal  oi  the  oork  from  the  outer  tube ;  a 
stop>watch  is  oonetiReiitly  set  in  motion,  and 
the  opyerator,  looking  through  the  window  in  the 
water- bath  and  tlirough  the  glass  tube  forming 
the  lower  part  of  the  oil-vessel,  stoips  thft  watoS 
when  the  oil-level  makes  it«  appearance. 

The  Arvine  viscometer  for  testing  cylinder 
oils  consists  of  a  copper  tube  of  small  diameter 
ooiled  in  a  bath  in  vtdeh  water  is  kept  in  a  state 
of  ebuOition.  At  its  lower  end  xb»  tnbe  is 
fornished  with  a  nmall  .ntop-cock,  forming  a  jef, 
and  at  ita  upper  end  with  a  funnel  to  hold  the 
od. 

Ilie  Redwood  viscometer  (Fig.  28)  is  a  modi- 
fication of  the  inatrumeut  formerly  used  at  the 


Battersea  Works  of  Price's  Patent  Candle  Com- 
pany. It  conyihts  of  a  silven-d  co])jK'r  oil 
cylinder,  about  i|  ins.  in  diameter  and  34  ins. 
in  depth,  famished  with  an  agate  jot  fittea  into 
*  sliuttly  conical  metal  scatint;.  'I'he  cylinder  is 
fizedin  a  brazed  copper  water-bath  provided  with 
a  oopper  hoating-tuoe  jprojeoting  at  an  angle  of 
45*m)m  the  side  near  the  bottom,  as  well  af<  with 
a  revolving  agitator  earrying  a  curved  shield  to 
prevent  splashing,  and  a  thermometer  to  indicate 
the  temperature  of  the  liquid  in  the  bath.  The 
oil  cylinder  has  a  stopper  consisting  of  a  small 
brass  .sphere  which  rests  in  a  hemispherical 
cavity  in  the  agate  jet.  The  sphere  ia  attached 
to  a  wire  by  means  of  whieh  it  is  raised  and 
susfM  iidcd  from  a  standanl  which  supporta  a 
thcrmomctor  in  the  oil.   Inside  the  oil'Cylinder, 


and  at  a  short  distance  from  the  top,  is  fixed  a 
small  braohefe  terminating  in  an  uptomcd  point, 

which  H«'rves  n.s  a  gauge  of  the  height  to  which 
tile  cylinder  is  filled.  The  instrument  is  sup- 
jKtrted  on  a  tripod  stand.  Great  eare  is  t^Esn 
in  the  construction  of  the  agate  jets  to  secure 
uniformity,  and  any  slight  differences  in  the  rale 
of  flow  are  corrected  by  .slightlv  altering  the 

Ssition  of  the  pointed  braoliet  in  the  oil^ciymder. 
te  instraments  are  thus  all  standaxdiBed. 
The  viscometer  is  used  in  the  following  manner  : 
— The  bath  is  filled  with  a  suitable  uquid  to  a 
height  corresponding  with  the  point  of  tlie 
bracket  in  the  oil-cylinder.  Water  may  be 
used  for  temperatures  up  to  200*F.,  and  a  heavy 
mineral  oil  for  higher  temperatures.  The 
liquid  being  at  the  required  temperature,  the 
oil  to  be  tested,  which  may  previously  bo 
brouglit  lii  the  same  temjjerature,  is  poured 
into  the  inner  cylinder  until  it^  level  just  reaches 
the  pofakt  of  the  gauge.  A  nanow-nedced 
flask,  holding  50  e.r.  to  a  jxiint  marked  on  the 
neck,  is  placed  l>eneuth  the  jet  in  a  vessel  con- 
taining  a  liquid  of  the  same  temperature  as 
the  oil.  The  ball  valve  is  then  raised,  a  stop- 
watch  at  the  same  time  starteil,  and  the  number 
of  seconds  occupied  in  the  outflow  of  00  0.0. 
noted.  Wiien  oils  are  b&Da  tested  at  a  tempera- 
ture mnoh  above  that  of  the  laboratoiy,  a  gas 
flame  is  applied  to  the  heating  tube,  and  the 
agitator  kept  in  gentle  motion  tiironghoat  the 
experiment.  The  majntenaaee  of  tub  emat 
required  temperature  of  the  oil  is  thus,  after  a 
little  practice,  rendcre<l  easy.  It  is  important 
that  the  apparatus  should  stand  perfectly  level, 
and  that  the  oil  should  l)e  free  from  dirt,  water, 
or  other  suspended  matter.  The  writer  is 
accustomed  to  express  the  results  in  terms  of 
the  visooaitpr  of  ra^  oil  at  60°F.,  correcting  for 
dlffeceuoM  m  speoific  gravity.  Accordingly  the 
number  of  seconds  occupied  in  the  outflow  of 
60 CO.  of  the  oil  under  examination  is  multiplied 
by  100  and  divide<l  by  635  (tlie  aTSiage  time 
occupied  in  the  outflow  of  50  c.c.  of  rape  oil  at 
00°F.  occortling  to  the  writer's  experiments). 
The  result  i^  then  molti^Ued  bv  the  sp.gr.  oi 
the  oil  under  examination,  at  the  temperature 
of  the  experiment,  and  divided  by  915  (the 
sp.'-T.  of  refined  rape  oil  at  60°F.). 

The  writer  has  deviaed  a  modified  ioon  of 
his  viaoometer,  which,  wifii  tha  maAoiity  of 
the  Admiralty,  will  bo  known  as  the  Admiiulty 
tvpe  for  testing  oU  fuel.  This  instnuuent,  as 
die  name  indicates,  has  been  specially  con- 
structed for  use  in  determining  the  viscosity  of 
oil  fuel,  for  contract  purposes,  and  is  intended 
to  be  employed  at  a  tempemtoBe  ol  The 
oil-vessel  is  of  the  same  dimensions  as  that  of 
tiie  original  instrument,  but  the  agate  jet  is- 
longer  and  of  larger  l)ore,  the  new  viscometer 
■being  designed  to  give  an  outflow  in  one-tenth 
of  the  time  ooenpied  hi  the  outflow  of  a  omilac 
volume  from  the  original  patt<"ni.  'The  jet  is 
so  mounted  as  to  htt  comi)letely  surrounded  by 
the  water  In  the  bath.  The  water-bath,  which 
is  of  comparatively  large  size,  and  is  jacketed, 
has  no  lateral  heating-tube,  but  is  provided 
with  the  u.-;ual  rotating  stirrer.  The  design  ia 
rerastered,  and  tiie  sole  makera  are  Messrs. 
Bsdrd  ft  Tatlook  (London),  Limited.  The  oil  to 
bo  tested  should  bo  8ubjecte<l  to  prolonged 
cooling  at  32^F.  by  being  kept  in  a  reirigeratoi 
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through  the  night,  or  for  at  least  bix  hours, 
inuneoiatcly  licforo  being  placed  in  the  oil- 
cup,  and  should  be  th<)ruui.'h\v  stirred  before 
being  transferri'd  to  the  oil-vesael,  and  wlun 
acoumte  results  are  required  the  viscometer 
ahould  be  placed  in  a  rolrigerating  chamber,  the 
temperature  of  which  ia  maintained  at  32^F. 

Tliu  Eiigler  visconietcT,  wliich  is  hirgely  uaed 
in  Germany,  is  constructed  on  the  aame  prin- 
ciples aa  the  foregoing,  the  yiaooaity  of  toe  oil 
being  compared  with  that  of  water.  The 
following  deacription  of  the  instrument  is  taken 
from  the  writer  s  'Petroleum  tad.  its  Fkodnoto* 
(Griffin),  2nd.  ed.,  602,  603  :— 

The  apparatus  (Fig.  28a)  is  providod  with  an 
oil-cup,  A.  of  braas,  closed  by  a  Ud,  a^.  The 
oil-oap  is  of  tho  dimensions  given  in  the  figure, 
and  its  inner  surface  is  gilt.  In  the  centre  of 
the  convex  bottom  of  the  oil-cup  ia  an  outflow- 
tube,  a»  of  platinum  (braas  being  attacked  by 
tbs  oil  sftor  Ming  some  time  in  use)  90  mm.  long 
and  2-9  mm.  internal  diameter  at  the  top, 
decreasing  to  2-8  mm.  at  the  outlet.  This  tube 
can  be  closed  by  a  pointed  rod,  6,  of  hard  wood,' 
introduced  through,  the  lid  of  thp  cnp.  Three, 
small  pointed  stud^,  c,  turned  up  at  right  angles, 
on  the  walls  of  the  cup,  serve  to  indioate  the 
BOii^toe-level  of  the  oil,  marking  a  capacity  of 
240  O.O.,  and  also  show  whether  the  apparatus 
is  properly  adjusted  as  regards  level.  A  ther- 
mometer, t,  is  inserted  in  uie  lid  to  register  the 
temperature  of  the  oQ.  The  oQ-oap  ie  fixed  in 
an  open  oil-bath,  B,  containing  a  thermometer, 
ti»  Tile  oil- bath  is  supported  by  a  tripod  stand, 
mad  ie  heated  by  means  of  a  ring  burner.  A 
measuring-glass,  r,  marked  at  2(X>  c.c.  and  at 
240  c.c,  IS  placed  exactly  beluw  the  pipe,  a. 

To  ensure  the  attainment  of  satisfactory 
nsulta,  the  dimMieiona  given  must  be  strictly 
adhered  to,  for,  ■Ithongn  the  error  caused  by 
altering  some  of  them  can  be  corrected,  so  far 
as  the  flow  of  water  at  20°C.  ia  concerned,  by 
varying  the  length  of  the  pipe,  a,  tiie  correction 
ia  of  no  value  for  oils  at  other  temperatures, 
and  the  dififeroncc  in  result  between  such  instru- 
ments and  one  of  standard  dimenaionB  increeaes 
with  the  viscosity  of  the  oil  te^ited. 

Bvery  instrument,  oven  when  standardised, 
•honld  lie  tested  before  using  the  first  time,  and 
again  alter  having  been  aome  time  in  nae^  by 
carefully  rinsing  out  the  oap  witii  ether,  alcohol, 
and  water,  in  succession  carefully  drying  the 
outflow  pipe  with  a  strip  of  filter  paper,  and 
observing  the  time  required  for  the  outflow  of 
200  c.c.  of  water  maintained  at  20''C.  The 
water  should  be  quite  free  from  any  rotary 
motion  before  the  vent  peg  is  v,  nivlrawn.  Thie 
time  ahould  bo  51-53  seconds,  and  the  test 
should  be  twice  repeated.  The  difference 
should  not  exceed  0*5  second,  and  the  decimals 
of  the  average  are  counted  as  one  second.  To 
teat  oils,  the  cup  must  be  most  oarefuUy  cleansed 
of  all  cLimp  an  !  dirt,  rinsed  with  ale*. h  i!,  i-ther, 
and  petroleum  in  succession,  and  then  filled  with 
the  oil  up  to  the  gauge  points.  The  oil  having 
been  brought  to  the  desired  lemperaturc  by 
heating  the  oil-bath,  and  maintained  at  tiwt 
point  for  2  or  3  minutes,  the  i>eg  is  withdrawn, 
and  the  outflow  timed  by  a  good  chronometer. 
The  result  in  seconds,  divided  b^  the  rate  for 
water  at  20"0.,  glvas  the  viacoai^  oi  the  oil. 


Rate  of  flow  of  oil,  276  seconds. 
„         „     water  at  90^,  SS 
Beealt»6-2. 

Oil  containing  suspended  particles,  solid 
matter,  or  water,  must  be  filtered  or  dried 
before  testing. 

It  has  been  already  stated  that  in  expressing 
the  results  obtained  with  the  Redwood  viscometer 
a  correction  is  made  for  differences  in  ^gr. 
As  far  as  the  writer  is  aware,  the  fiat  pnbibshed 
suggestioo  of  an  arrangement  for  smBinating 
differences  due  to  ap.gr.  was  made  by  Prof. 
W.  P.  Mason,  of  Txoj,  N.Y.,  who  described  in 
the  Ghem.  Newa  for  Oek  SI,  1884,  an  appacatnn 


Fu.  88a. 


for  determining  viaooaity,  and  proposed  that  the 

length  of  the  column  of  the  oil  to  be  test^jd 
should  be  so  adjusted  aa  to  l)e  inversely  pro- 
portional to  the  sp.gr.,  and  maintained  at  this 
calculated  length  during  the  outflow  of  the 
standard  quantity.  Mr.  Napier,  of  Glasgow, 
appears,  however,  to  have  previously  anggested 
the  reduction  of  the  observed  viscosity  oTan  oil 
to  a  standard  density.  In  the  instmmettt  pro- 
posed by  Mr.  Napier  the  oil  cylinder  w.u  in  two 
parts,  connected  by  a  flexible  tube,  the  upper  part 
being  supported  in  such  a  manner  that  it  oonld  be 
placed  at  a  given  point  on  a  fixed  scale,  the 
height  being  determined  by  the  sp.gr.  of  the  oil. 
The  movafato  part  of  the  oil  vessel  waa  provided 
with  an  overflow  pipe,  and  by  the  use  of  a 
reservoir  with  a  stopcock  it  was  intended  to 
prudui  e  a  continuous  slight  overflow,  so  that  the 
oii  levul  should  be  maintained  at  a  fixed  noint. 
The  Mason  viscometer  was  thus  deacnMd:— 
'  A  glass  cylinder  22  in>  9  cm.)  long, 
l^ins.  (3-18  ciu.)  diameter,  has  a  brass  lowe 
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hea^i  I  in.  (0-318  cm.)  thick.  An  orifice  is 
bored  in  the  centre  inch  (0-794  cm.)  in 
diameter,  with  bevelled  edges,  chamfered  back 
i  in.  (1-27  cm.),  thus  producing  a  sharp-edged 
oritice.  A  line  marking  the  18-in-  (45-72  cm.) 
level  is  cut  with  several  finer  lines  above  and 
below,  ^  in.  (0-318  cm.)  apart,  ranging  from 
16  to  21  in-  (40-64-G3-34  cm.)  above  the 
orifice.  The  standard  temperature  is  usually 
60=F.  (15-5°C.).  A  total  flow  of  6-103  cu.  in. 
(100  CO.)  is  recorded  by  adjusting  the  sup- 
ply so  that  the  head  shall  l>e  as  nearly  as 
possible  equal  to  18  ins.  (45-72  cm.)  of  water, 
determining  this  head  by  calculation  from  the 
sp.gr.  of  the  oil.  The  rule  for  obtaining  the 
viscosity  is  to  note  the  time  required  to  dis- 
charge the  100  c.c.  (6-103  cu.  ins.)  and 
divide  this  time  by  that  required  where  water 
under  a  head  of  18  ins.  (45-72  cm.)  is  used. 
This  ratio  is  the  measure  of  the  viscosity.' 

In  the  Barbet  viscometer  the  oil  iinder 
examination  is  caused  to  flow  through  an  annular 
space  formed  by  fixing  an  iron  rod  4  mm.  in 
diiameter  precisely  in  the  middle  of  a  brass  tube 
5  mm.  in  internal  diameter.  Increased  resis- 
tance to  the  flow  of  the  liquid  is  thus  created, 
and  the  apparatus  is  stated  to  be  more  sensitive 
than  an  ordinary  jet  viscometer. 

Lepenau's  '  leptometer  '  (Fig.  29)  consists  of 
two  similar  metoIUo  cylinders  placed  vertically 


Fio.  29. 

• 

side  by  side  in  a  water-bath,  and  provided  with 
three  pairs  of  interchangeable  jets  to  be  inserted 
in  the  stopcocks  at  the  bases  of  the  cylinders. 
A  standard  oil  having  been  placed  in  one 
cylinder,  and  the  oil  to  be  tested  in  the  other,  a 
pair  of  jets  delivering  the  oil  in  drops  is 
selected,  and  the  numl>or  of  drops  falling  from 
the  two  cylinders  Iwtween  two  coincidences  of 
dropping  is  noted.  With  dissimilar  oils,  however, 
the  number  of  drops  is  not  necessarily  a  measure 
of  the  quantity  flowing  through  the  jet, since  the 
size  of  the  djop  varies  with  the  nature  of  the  oil. 


McNaught's  instrument  for  testing  oils  con- 
sists of  two  discs,  the  lower  one  provided  with  a 
raised  otlgo  and  attached  to  a  vertical  spindle 
revolving  in  bearings  ;  the  upper  one  resting  on 
a  pivot.  The  space  between  the  two  discs 
having  been  lille<l  with  the  oil  to  be  tested,  the 
lower  disc  is  causetl  t<»  revolve  at  a  given  speed. 
The  upper  disc  is  prevented  from  partaking  of 
the  motion  of  the  lower  disc,  communicated 
through  the  oil,  by  a  projecting  pin  which  conies 
into  contact  with  a  pendulum ;  the  extent  to 
which  the  pendulum  is  removed  from  the  per- 
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Fio.  30.— Section. 


Fio.  31. — Perspective  btction. 

1,  A.  A.  Conceutric  rings,  ^\^u.  tliick,  in.  det  ii. 
n.  B,  B.  Ditto.  c,  V,  Sfiuces  of  in.  betwreu^  t1x»d 
and  moving  rings.  D.  Support  for  driving  g<  ar.  K,  £. 
Jacket. 

pendicular  being  the  measure  of  the  viscosity  of 
the  oil. 

The  paddle  viscometers  of  Nanicr  of  Glasgow 
and  Cockerell  of  Manchester  are  boM-d  upon  the 
principle  of  taking  the  Kpeetl  of  a  puddie-wheel 
revolving  in  the  oil  as  a  measure  of  the  viscosity. 
A  serieh  of  concentric  rings,  on  a  vertical  axis, 
revolving  in  concentric  annular  spoces  (Figs.  30 
and  31),  and  a  hollow  vertical  drum  revolving  in 
a  cylinder  of  slightly  greater  diameter  con- 
taining the  oil  have  al.so  In-en  enii>li'_vtd  by 
Napier.  'J'he  use  of  a  jtendulum  o.scillating  in 
the  oil  hjis  besides  been  pri>posed.  Another 
method  of  estimating  viscosity  which  has  U-en 
suggested  is  to  note  the  length  of  time  occupied 
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ill  the  aaoent  of  a  babble  of  «ir  Uuovgh  »  given 
oolnmn  of  liquid,  and  Mills  has  oarmd  oat  tiaa 

idea  by  using  hullo w  glass  hviht,  but  withcut 
obtaining  prumiaing  resulta. 

g,  Mtineating  property  by  dirtti  meehmiMeal 


Machines  hiivo  been  <iuvi»if(l  by  Thurston, 
Woodbury,  Ingram  and  iStapfer,  unci  utliers,  lot 
the  mecbanioat  tfnting  oi  lubricating  value. 
These  machines  nre  provided  with  accurately 
fitting  frictional  surfucos,  between  which  the  oil 
to  be  tested  is  placed^  the  heat  and  retUHtance  ut 
given  speeds  being  determined.  It  cannot  be 
said,  however,  that  nsaltB  of  oraclt  praotica] 
utility  in  det-ermiuiug  the  valuta  o{  liihri<  uting 
oils  have  thus  been  obtained.  Experience  hutt, 
in  faet,  demonstrated  that  in  any  maehine  for 
the  mcchiinical  testing  of  such  <iils,  the  mndi- 
tions  under  which  the  iubiuauta  are  to  be 
actually  employed  must  be  reproduced.  The 
writer  has,  therefore,  been  led  to  the  conclusion 
that  the  viscuuity  uf  u  lumcrai  lubricating  oil 
affords  the  beat  guide  to  ita  lubricating  value, 
the  oonsumec  being  thus  enabled  to  sdect  from 
time  to  time  oils  ttmilar  to  those  which  he  has 
ioond  by  practical  experience  to  affonl  the  best 
results  in  the  particular  circumstanueii  of 
his  ease.  Tlds  bmooh  of  the  subject  has  been 
treated  in  some  detail  in  a  paper  by  the  writer 
publijihed  in  the  Journal  of  tlie  Society  of 
Chemical  Industry  (1886,  6,  121). 

h.  Purity.  In  the  examination  of  mineral 
lubricating  oila  it  is  sometimea  necessary  to 
apply  chemiwd  t^ta.  Oils  intended  for  the 
lubrication  ol  steam-engine  cylinders  should  be 
pure  hydrocarbons,  saponifiame  oOs  beii^  liaUe 
to  decomposition  by  the  high-pressure  steam,  and 
the  liberated  fatty  aoids  forming  metallic  soaps. 
The  peroentage  ol  saponiliable  oib  present  may 
be  readily  doterniine<l\)y  treatment  with  alcoholic 
potash  and  extraction  of  the  soap  from  the  aque- 
ous solution  with  ether.  When  a  mineral  lubrica- 
ting oil  is  boiled  with  water  and  the  liquids  allowed 
to  separate,  the  water  should  retain  its  trans- 
puency*  and  should  exhibit  no  acid  or  alkaline 
reaction.  Oooasionaliy  mineral  lubricating  oils 
ate  adulterated  with  rnin  oil,  and  their  -viscosity 
is  increased  by  the  addition  of  aluminium  palmi- 
tate  or  oleate,  or  of  india-rubber.  If  the  presence 
of  any  of  thnn  adnltecantB  is  sospected  the  oil 
ihoida  be  sobjeetod  to  analytieal  examination. 

6.  Paraffin, 
a.  Melting-point.  The  so-called  melting- 
point  of  paraffin  is  understood  in  the  trade  to 
be  the  temperature  at  \s  liich  the  molted 
material  begins  to  solidify.  The  two  methods 
chiefly  adopted  in  determiiiiBf  this  point  are 
kn-jwn  respectively  as  the  English  test  and 
the  American  test.  The  English  test  is  con- 
-  ducted  by  melting  the  parafbn  in  a  test-tube 
about  \  in.  in  diameter,  and  .stirring  the  fluid 
material  with  a  thermomtjter  wiulo  tlio  tube  is 
held  in  the  air  until  in  the  process  of  cooling 
a  point  is  reached  at  which  the  crystuUisation 
of  the  hydrocarbons  liberates  enough  heat  to 
arrest  the  reduction  of  temperalure,  and  the 
mercury  remains  stationary  for  a  short  time. 
Saybolt  has  devised  a  conyenient  form  of  appa- 
ratiis  for  applyini;  tliis  test  siiiiultaneou.sly  to 
several  samples,  the  melted  material  i)eing  cou- 
tidned  in  a  series  of  parall«-I  troughs  mounted  on 
aoandagvio  as  to  travel  backwards  and  forwards^ 


the  thermometers  being  hold  rigidly  above  the 
troughs  in  a  frame  in  such  a  position  that  the 
bulbs  are  just  immer.se<l.  The  American  test 
is  made  by  melting  enough  of  the  material  to 
three-parta  fill  •  Mmispherieal  dish  about  3f 
ins.  in  diameter,  allowing  the  paraffin  to  cool 
in  the  air  and  noting  the  temperature  at  which 
a  very  thin  film  extends  from  the  sides  of  the 
vesst«l  to  a  thermometer  with  a  round  bulb 
half  an  inch  in  diameter  suspended  in  the 
middle  of  the  dish  so  that  the  bulb  i.s  <  niy  three* 
fourths  immersed.  The  melting-point  bv  the 
American  test  is  nsnally  from  2|^-3°F.  higher 
than  that  iiuiit  ated  liy  tlie  English  test.  Some 
operators  prefer  to  note  the  temi>eraturo  at 
which  a  imhrate  quaati^  of  the  sample,  pro- 
vionsly  fused  into  a  capillary  tulx'  feare  iiig 
taken  not  to  overheiit  the  material),  becomes 
solidified  when  the  tube  is  allowed  to  oool  slowly 
by  the  side  of  a  sensitive  thermometer  in  ft 
beaker  of  water. 

h.  Percentiuje  of  oil.  The  determination  of 
the  percentage  of  oil  in  paraffin  scale  is  a  porel^ 
arbitrary  test,  as  there  Is  no  natnral  fine  <» 
dcmarkation  between  the  solid  and  lifjuiil  hydro- 
carlM)ns  of  petroleum.  The  test  is  made  by 
subjecting  the  material  to  pressure  and  notine 
the  |m-:>  in  weight,  but  lju'  results  obtained 
depend  upon  the  temix.'ruture  at  which  the 
operation  is  conducted,  the  quantity  of  material 
in  relation  to  the  diameter  of  the  press-cake 
and  the  amount  and  duration  of  pressure.  The 
writer  had  some  years  ago  a  press  (Fig.  3S)  oon- 
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Htructed  for  the  purpose  with  a  steel  crosshead, 
the  defleeti<m  of  which  was  magnified  by  levers, 

and  the  amotmt  of  pressure  applieil  was  thus 
indicated,  and  he  now  mokes  use  of  a  press 
(Fig.  38)  wherein  a  hearily  weigbunl  lever  is 
used  to  regulate  the  pntSQre.  Boi)i  these 
presses  are  provitleil  with  CUOUlsr  preaA-eu{>6  and 
plungers  5|  ins.  in  diameter,  and  the  pressure 
employed  in  testing  American  paraffin  scale 
is  9  tons  on  the  total  surface.  The  quantity  of 
material  o|X'rated  tij>on  is  500  grains,  an«l  th< 
pressure  is  applied  for  5  minutes  at  a  tem- 
nerature  of  00^.  The  paraffin  is  plaeed 
lietween  circular  pieces  of  calico  cut  w'lih  a 
steel  punch  to  lit  the  prej*H-cup,  ami  the  oil  ex» 
presse<l  is  absorbed  by  a  sufficient  number  of 
discs  of  blotting-jwjKT  placed  above  and  below 
the  cloth  contniiuiig  the  cake.  The  tempera- 
ture of  the  press-cup  and  the  phmger  is  in- 
dicated by  thermometers  inserted  in  merouxvo 
cups,  and  the  paraffin  is  also  bronght  to  the 
staiidnnl  tcm)i.  rftture  before  !»  iii^'  pre-^ed. 
The  testing  press  designed  by  McC^ttchou  (Figs. 
34  and  85)  is  fnmiA»d  with  a  helieal  steel 
spring,  the  extent  of  eompre-^nion  of  which  in- 
dicates the  amount  of  presj^ure  applied.  Messrs. 
CWkson  and  Bcckitt,  of  Glasgow,  have  made 
an  excellent  hydraulic  press  (Fig.  36)  for  the 
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purpose,  which  occupies  loss  spaoo  than  a  lever  {  determinod  by  heating  a  weighed  quantity  in  an 
pras.  I  evaporating  dish  to  a  temporatofe  somewliat 

c.  Percentage  of  water  and  dirL  The  per-  above  tho  boiling-point  of  water,  the  melted 
oent&ge  of  water  in  paraffin  scale  may  be  1  paraflin  being  continuously  stirred  until  the 


whole  of  tho  water  has  Imkmi  drivon  off.  when  the 
loss  ia  weighfc  is  noted.  If  tho  quantity  of  water 
preMntisUuqietlieperaentage  may  bedfetermined 


Fw.  34. 

by  distillation  or  by  sabsidenoe,  the  parafiin 
being  retained  in  *  ci<^1t<vl  .state  until  the  water 


charge  of  50  grams  of  paraffin)  the  lomr  part 
of  which  is  graduate(>.  In  the  use  of  this 
instrument  tho  groat<>r  portion  of  the  melted 
paraffin  may  bo  readily  p)urc<l  off  by  removing 
the  tabe  from  the  heating- bath  when  the  water 
has  separated,  and  plungmg  the  lower  end  into 
cold  water  so  as  to  seal  the  water  by  causing  the 
solidification  of  a  layer  of  paraffin  above  it. 
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has  aeparatcd.  Sutherland  *  has  iutrodueed  a 
convenient  form  of  apparatus  fur  making  the 
latter  test,  consisting  of  a  bulbeil  tulje  (taking  a 

>  J.  Soc.  (  iieai.  Indn  1887.  6, 123. 

Vol.  IV.— r. 


The  operation '  may  then  be  completed  by  die- 
solving  tho  remaining  patafiBn  in  warm  petroleum 

•  spirit  (hydrated).  In  thie  method  of  t««t)ng, 
the  dirt  is  usually  estimated  with  the  wator, 
but  if  tho  proportion  of  dirt  is  cou.siderable  it 

'  should  be  ooU^eted  on  a  filter  paper,  washed 
'  with  mini  ml  spirit,  dried  and  weighed. 

The  folli)Wing  methods  of  testing  Scotch 

•  paraiBn  scale  and  heavy  mineral  oIIh  were 
agreed  npon  by  the  chief  chemists  of  th<'  Scultish 
Mineral  Oil  AsBociation,  I'rict'n  Patcut  Candle 
Oompany,  and  (lie  writer. 
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I.  ScALs  Akaiasis. 

1.  Samplitig  of  hard  teak.  The  sanple  is 

to  l)e  takon  by  im-anB  of  a  metal  tuV>f,  which  is 
nuule  slightly  conical ;  the  small  end  its  iai*ertcd 
in  the  scale,  and  liy  nuan.s  >if  a  handle,  which 
is  removable,  it  is  forced  thnm^'h  the  scale  to  be 
sampled.  By  this  means  a  cylindrical  core  of 
pueafiht  is  obteined. 

Care  must  be  taken  to  see  that  the  tube  is  of 
such  a  length  that  the  sample  -wjll  xvprassnt  the 
whole  l«n|^  or  depth  of  the  oaak,  «iggpa»  or 
bimt. 

2.  PntefvaKon  e/  dampkg  of  teak.  Im* 

nic(li:itcly  after  the  sample  has  been  flra^\Ti  it  is 
tu  1m3  thoroughly  mixed,  placed  in  equitable  wide- 
mouthed  boukfl,  vrbUAl  may  be  closed  either 
irith  glass  stoppers  or  ffood  corks  ;  if  the  latter 
are  used,  they  should  be  covere<l  with  paraffin 
paper  or  soaked  in  melted  paraffin  wax  before 
bemg  inserted.  The  bottles  are  then  finally 
sealed  in  the  usual  maimer.  The  soale  should 
be  tightlv  packed  into  the  bottles,  whieh  shoiild 
be  completely  filled. 

3.  tkienni nation  of  oU  in  icaU.    (a)  Pns» 

10  be  v^rd.  While  no  nnr  special  form  of  jircsH 
is  rocommendetl  for  general  adoption,  the  press 
used  must  have  some  arrangement  for  indicAting 
the  pressure  applied.  The  cup  in  which  the 
tx»ile  is  placed  ciuring  the  application  of  prew-Hure 
to  have  iiu  an  il  of  20  st\.  ii\s. 

(b)  Preparation  of  the  samjde,  A  quantity 
of  the  seale^  after  having  been  freed  from  water 
and  dirt  by  melting  ami  subsidence,  is  to  b<- 
allowed  to  cool  over  night  to  a  t«m|K"rature  of 
60*F.  The  solid  mass  is  then  ground  to  a  fine 
powder,  a  portion  of  which  is  used  in  the  deter- 
mination of  the  oil. 

(c)  (Quantity  of  scale  to  be  uaeA,  Tho  quan- 
tity of  scale  to  be  used  in  the  determination  of 

011  IS  to  be  260  grains,  which  quantity  may, 
liowcvcr,  be  reduced  to  150  grains  in  the  event 
of  the  ticalo  containing  much  oil  (over  7  p.c.). 
With  '  soft '  soale  the  smaller  quantity  should 
be  taken. 

(d)  Temptralure  at  which  the  scale  i«  to  be 
pfueed.   The  tempcratuie  of  the  somle  and  the 

press  is  to  bo  fiCF. 

(e)  Time  durina  whiek  the  teaU  m  to  remain 
und<r  pressure.  The  scale  U  tO  remain  under 
pressure  for  15  minutes. 

(f)  Preasinff  d6ih»  and  jmpa*.  Fine  linen 
pressing  clf>ths  and  a  ihituImt  of  layers  of  filt<>r- 
paper,  sufficient  to  ul>sorb  all  the  oil,  to  be  used. 
The  exterior  papers  must  not  bo  soiled  by  oil. 

(g)  Prrs.mrc  to  be  applied.  The  raaxirrnim 
pressure  i.H  to  be  10  c\vt,  per  square  in.  and 
the  working  jptissuro  9  c\vt.  per  square  in. 

4.  Detmnination  of  water  in  scaie*  The 
amount  of  water  present  in  scale  may  be  dcter- 
mineil  by  either  of  the  foIluwiuM  processe.'j  : 

(a)  i>istillation  from  a  copper  flask. 
From  I  to  2  lbs.  of  the  soale  are  heated  in  a 
c«'nicnl  Cfipper  fl;i-k  of  about  ihu  dimensions 
shown  in  llie  aniu  xed  sketch  ;  this  is  connected 
to  an  ordinary  Liebig  condenser.  By  means  of 
a  powerful  Bunsen  burner  or  lamp,  the  wat<'r. 
accompanied  by  a  small  quantity  of  light  oil,  is 
volatilised  and  condens^'d.  The  distillate  is  re- 
oeived  in  a  narrow  graduated  measure,  so  that 
the  volume  of  water  ean  he  readily  ascprtained. 
A>  a  lit  tie  water  usually  adheres  to  tlu  -id(  ~  (if 
the  coudeuser  tube,  this  is  to  be  washed  out  with 


hydrated  gasoline  or  naphtha  and  adde<l  t<^i  the 
principal  quantity. 

(b)  Price's  Company's  method.  dUO 
grains  of  the  scale  to  M  twted  are  weighed  in 
a  tared  porcehiiii  lia^iji  and  heated  with  constant 
stirring  to  ^SO'F.  until  bubbles  cea«e  to  b« 
given  off ;  the  loss  is  then  determined. 

500  grains  of  the  same  scale,  which  lias  Inrn 
freed  fiom  it«  and  dirt  by  melting  at  a 


Fio.  S7. 

gentle  heat  and  subeidenoe,  are  to  be  heated  in 
tho  same  way,  bo  a  similar  temperature,  and  for 
the  same  time,  and  the  loss  again  determined. 

The  h».s.s  in  the  second  iii.stance  is  no\\  (o  \h- 
detluotod  from  tho  loss  foimd  in  the  tirst 
experiment,  and  the  remainder  is  then  to  be 
t&Ken  as  the  quantity  of  water  pre?!cnt. 

5.  LteUirniiiuUton  of  dtri  tn  iKtdt.  The 
aniuunt  of  dirt  present  in  scale  is  to  be  det<'r- 
nuned  by  melting  a  weighed  quantity  of  the 
scale  and,  after  subsidence,  pouring  off  the  clear 
paraffin.  The  residue  is  then  mixed  wit  h  naphtha, 
thrown  on  a  weighed  dry  filter*papcr,  washed 
with  naphtha  or  gasoline,  dried  and  weighed. 
When  1  .  i  rlable,  the  qnantity  of  scale  to  be  used 
in  the  determination  of  the  peroetilage  ot  dirt 
should  not  be  less  than  7000  grains. 

6.  Caktdation  of  the  reswts  of  ttie  analysis 
of  scale.  As  tho  oil  is  detcrminc<l  on  scale 
which  has  been  freed  from  water  and  dirt*  the 
result  must  be  calculated  back  to  the  otiginal 
scale  containing  water  and  dirt. 

7.  Dttirni  I  nation  of  the  melting)  {■•"IliiUi) 
point  qf  solid  para^n.  This  is  to  be  determined 
by  what  is  Imown  as  the  *  English  *  test,  «.«. 
a  test-tube  about  1  in.  ill  diamrter  is  filled  to 
the  depth  of  about  2  with  the  melte<i 
paraffin,  a  small  thermomet<;r  is  iiisert^^d,  and 
the  whole  steadily  stirred,  while  the  t^-st-tubt^ 
and  its  contents  are  allowed  to  oool  slowly.  The 
temperature  at  which  the  thermometer  remains 
stationary  for  a  short  time  is  the  melting 
(setting)  point. 

II.  Fi  AsniNo-FoiNT  OF  Heavy  Minkkal  Oil. 

8.  Deiermination  qf  the  fiashing-jtoint  of 
heat^  mineral  oU,   The  oil  cup  and  cover  of 

the  ordinary  '  Al>el '  flash-prnnt  ayi|>aratn>  are  t<> 
l)e  erapioyetl.  'J'he  cup  is  Hllwl  with  ud  tn  the 
usual  manner,  and  the  rate  of  heating  is  to  be 
such  that  nt  least  16  minutes  are  taken  in 
raising  the  teuijKTatim-  of  the  oil  to  30<J°F.  In 
the  event,  however,  tif  a  dispute  arising  a<<  to  the 
correct  iioiihing-point  of  a  heavy  mineral  oil, 
the  question  is  to  be  decided  by  means  of  the 
'  Penskv-Martens  *  apparatus  (J.  Soo.  Chem. 
ind.  8,  734). 
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TIL  Viscosity  or  Mistral  Oit,. 

9.  Dtterminaiion  of  the  viicosUjf  of  mineral 
«iL  The  hwtrameiit  Xnown  m  the  *  Redwood  ' 

vitKwmeter  is  that  which  ia  to  bo  em|i!nyc<l  in 
the  determination  of  the  viACOtiity  of  tniaerai 
oils.  The  instrumciit  is  to  be  .standardised 
according  to  the  directions  given  by  Mr.  Boverton 
Redwood  (J.  Si>c.  Chora.  Ind.  5,  127).  Ordinary 
moults  are  to  be  expressed,  as  the  time  in  seconds 
which  50  0.0.  of  the  oil  take  to  flow  through  the 
orifice  At  s  temfMntiiTe  of  70*F. 

rv.  Settiso-point  or  AIu^kbal  Oil, 

10.  Dderminatien  of  the  aetting-point  of 

ivimral  oil.  This  is  (Iftcrmiufd  in  the  follDwing 
manner.  Into  a  tcst-tulx;  having  a  diaraetc  r  of 
about  \\  ins.  the  oil  to  be  teutetl  it)  added  t(t 
th;"  dt-pth  of  alxmt  2  in".  ;  the  tube  is  then 
immersed  in  a  freezing  mixture,  the  oil  being 
8loiriyBtirrc<l  withathermometorantUitfoooolecf 
down  con8i<lerabh'  belou'  fbo  temperatnre  at 
which  solid  paraffin  first  ai>]X  Hr8.  The  tube  is 
then  n-niovi'd  from  tlic  trcczinc  niixturr.  the 
oil  ooaataatly  Btirrud  with  the  thermometer, 
■od  the  point  earefnlly  wstohed  *t  whieh  the 
\ti*t  trace  of  solid  jvirnfTiri  disappears.  This 
operatioa  is  repeated  with  the  same  sample  of 
oil  until  two  expeiiroeiita  give  o<mconlant 
rcsniU?!.  thr>  tompentote  K»  found  being  the 
setting-point. 

7.  Oat  and  fitd  oih, 

'  Ofts  oil.H  '  (mineral  oil  distillates  uhchI  in  tlu- 
manufacture  of  ga«  for  illuminating  purpoiscs  or 
for  the  enriohment  of  eoal-f^ras)  are  tested  for 
specific  gravity,  fla.sh-jv>irt ,  ami  freedom  from 
water  anti  dirt.  In  some  castiti  a  JistiUation  test 
deaifpned  to  secure  untfomiiiy  in  the  oils  sapfdied 
is  al.m  carried  out. 

OiU  intended  for  Ui>o  m  liquid  fuel  are 
MBainine<l  for  the  presence  of  water  and  of  solid 
particles  of  foreign  matter  capable  of  blocking 
the  burners,  as  well  as  forapeoiOo  gianty,  flash- 
point, tlui<litv  at  32°F.,  oabrifio  ralue,  and 
peroentaco  of  sulphur. 

Oatonfb  miuA,  This  is  beet  determined  by 
burning  onr  -jr^m  in  a  bomb  calorimeter  of  the 
Mahler  or  similar  type.  Accuracy  to  within 
•bout  half  of  1  p.0.  may  be  obtained  with  oaieful 
working.* 

Sulphur.  After  the  determination  of  the 
calorific  value,  the  gaseous  prodnct.s  of  eom- 
bmttion  in  the  bomb  ace  led  through  a  Hiightly 
alkaline  serabber,  the  liquid  in  whioh  is  added 
to  the  rinsini,'-'  of  the  bomb  and  the  whole 
precipitated  with  tmrium  chloride  in  the  usual 
manner.  B.  R. 

PE  TUN  TSE,  FE-Tim-SJB.  or  FBTUIITZITE 

V.   CWNA-isTONK.  ^^^^ 

nniCEDANUM  ( ANETHUIC)  GBAVEOLENS 

(Bonth.  et  Hook.).    The  common  Dill,  culti- 
▼Htfld  in  England  and  the  South  of  Europe. 
Hrh  a  hot  BweetLsh  t«stc ;  is  used  in  medicine 
and  for  flavouring  spirituous  cordials. 
PVWTBR  V.  Tni. 

PHASEOLUHATIN  >:  (Jt.i-tr.sinn.si. 

PHELLANDRENE  Cinll,,  m  h  ler|H  ne  u  lii<  h 
oeOQUt  in  manv  oilM  such  ax  that  of  KurnlifptHH 
amtfjdalina  (L-ibill.)  (Baker  and  Smith,  .1.  Soe. 

'  A  full  traiio'ation  Into  Kn^li'h  of  tli<*  dccrlptive 
pamphlet  i««ued  1<\  tin  maker*  <»(  the  .Mahler  bomb  is  i 
tncluded  In  Ukk'a  Mineral  Oil  Tvstiog  (Urlffln).  j 


Chcm.  Ind.  1899,  302 ;  WalUch,  AnnaJen,  1905. 
343,  28) ;  in  cinnamon  oil  (Davk,  IJhem.  Zentr. 
1896.  ii.  3.18;  vSchiramel  &  CV).,  ibid.  liUO,  i. 
1 720) ;  in  the  oils  of  sohinua  molle  ( Wallach.  ibid. 
1905,  ii.  974);  of  Jwwptrua  pAoeiweea  (Linn.) 
(Rodi6,  Bn!l  S  m  .  ,  i,i,n.  1906,  fiii.]  35.  922);  of 
Abies  sibirica  (LlhIwIj.)  (Schindclmciaer,  Chem. 
Zeit.  1907,  31,  7rj<M  ;  of  the  sassafras  bark  Mid 
h  nvcs  (Power and  KicbbH'r.Chem.  Zt-ntr  !s^»7.  ii. 
42 ) ;  ill  the  8ee<lH  of  Monodora  Orandtjlora  ( Bcrith. ) 
(Leimbaoh,  ibid.  1909,  ii.  1870);  in  cdemi  oil 
(Otover.Aftd.  1907,1. 1794);  in  the  resins  of  elcmi 
vroodiCanaHvmlwmvieum  [Miq.])  (Wallach  and 
Rhi-indorf.  Annalon,  1892.  271,  310;  Bacon, 
Chem.  Zentr.  1909,  ii.  1448) ;  in  bitter  fcnnol  oil 
(Cahonrs,  Annalen,  1842,  41.  74;  Wallaeh* 
ibid.  1887,  231t,  40;  ibid.  IWI.  10)  ;  in  water 
funnel  oil  {OenarUhe  Pheliandrium  (Lam.))  from 
which  the  name  is  derived  {Pesoi,  Oaia.  ehim. 
ital.  ISSfi,  in.  22.'5),  find  in  many  other  oils  (sM 
Biocheuuschtti  Haiidk  xikon.  1910.  vii.  29i)). 

It  is  one  of  the  most  unstable  of  the  terpenes, 
and  ooonrs  in  two  modifications,  the  b>  and  fi- 
or  psendb,  the  former  of  whf oh  in  nsoally  present 
in  greater  quantity  than  I'v  l  itter.  Neither  of 
these  has,  however, ever  ix>eH  obtained  quite  pare 
(Kondakoff,  J.  pr.  Chem.  1908,  [ii  ]  78, 42). 

a-Phellandrem  exiatM  in  doxtn)-  and  leovo- 
rotatory  mo<lification».  Tlu-  chief  sources  t>f 
d-d'phellAndrene  are  biii  r  t Vnud,  elemi.  and 
Bchinus  oil.  It  is  also  the  chief  constituent  in 
the  dry  distillation  of  certain  elemi  resins, 
uliilst  th<-  ckit'f  so\ircc  of  /-a-pluilHtidrene  is 
eucalyptus  oil  (VVallaoh,  Annalen,  1004,  336, 
10).  The  pareet  natural  «>phel]aiidiene  so  far 
obtaini  d  tii^  h.p.  C)\°/ll  mm.,  sp.gr.  0*844  at 
19*  (d-a),  and  b.p.  ti5V12  mm.,  sp-gr.  0  846, 
at  19*  (/—a),  at  ordinary  pressure  the  b.p.  is 
1730._17fi<»  Th..  optical  rotation  dcn<-n<ls  on  the 
source  of  the  plicllaudrune.  a-Pht*llaiulr«.'n<'  lias 
been  synthosisctl  from  Mopropyl-A'-hoxcnonc 
by  treating  the  latter  with  magnesinm  methyl 
iodide  thus : 


OH 


CH,-f 


-CjH. 


(WaUach.  Annalen.  1908,  359,  265 ;  tbid.  302. 
281).  It  has  b.p.  17ff"-176*  (deoomp.),  sp.gr. 
0-841  at  22*. 

a-Phellaudrcne  ha«  also  been  f<yiithesiscd 
from  A*>meiithene-2-onc  by  treating  it  u-ith 
phosphorus  pt«ntacbIoride  and  n-ilucin;;  the 
product  thus  obtained  with  wnc-flu.st  m  methyl 
alcohol  solution,  or  by  reilucing  menthcnone-2- 
oxime  ^\'ith  zino-dust  and  glacial  acetic  acid,  and 
distilling  the  A*-mentbenearotne  so  formed  in 
mruti  with  pho.^phoricaeid.  The o-phcllandrene 
«(»  o  hUincd  has  b.p.  06V14  mm..  70*/ 16  mm., 
sp.gr.  0*8473  at  81*  «„+45*  (Harries  and 

JohuHon,  Bor.  1905.  38,  1832;  t)ee  also  Konda- 
koi!  and  SchindelmeiiHT.  J.  pr.  Chem.  i905»  [ii.] 
72,  193:  1907,  |ii.l7.').  141). 

a-Fhrll:iiidriii.-  combiiU'H  dire<tly  \\\\]\  two 
atomii  of  bromine  forming  a  dibrunn<l<;  which, 
when  boilod  with  alcoholic  potash,  yields  cvmenc 
(Wallach  and  HorbiK.  Annnl.  ti.  ISnr,.  2S7.  m  : 
Baoou,   /.c).    When   treated    with  aieoholic 
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Hiilphuric  acid  a-i»heUaniln  ii«'  yii-lds  torpiiv  nf 
fWaUach.  AiuiaK-ii,  1887,  239.  44  ;  1880,  252, 
102);  and  when  reduced  with  s<Kii»ini  and 
anivl  aloohol  it  yields  dihvdrophcllandrene 
{A'->-menthene:  C^oKt*  I'-P-  171M72", 

nkgr.  0-829  (Semmler,  Ber.  1903,  S6, 10S6. 1708 ; 

Bacon, /.c).  On  oxidation  with  i>ota~-;mn  per- 
manjj^anate  a-hydroxy-fJ-i«jpr«jpylglulttnc  acid 

0.  11.40,  and  its  lactone  CHijO^,  are  fom«d; 
but  when  it  ia  exposed  to  atmospheric  oxygon 
dxhifdroryphcUandrene  C,oH,,Oj  i«  proda<wd. 
The  latttT  f;r\ stHliisi-s  in  ntH-dlis,  ni.p.  164*6*— 
im  a'*  (Clover,  Amur.  Chom.  J.  39,  613). 

PheUuidNne  reaete  with  halogeii  aeids 
forming;  mono-  an<l  d;  uMitivc  compounds. 
PheUandrttiK  innnolii/'lrochlondt:  has  b.p.  80°- 
83°/l  nun.,  and  wiicn  lM)iIed  with  cxccbs  of 
alctiholic  potash  vivlds  dipentene  (Bacon,  I.e.  ; 
see  also  Walhich,  Annalcn,  1887,  231).  44  :  C'heni. 
Zentr.  1902,  i.  1203  ;  Kondakoff  and  Schindel- 
meiser,  U, ;  Kondakoff,  ibid.  1908.  78. 42).  The 
most  oharaoteristio  oompounds  of  phelhndrene 
are  the  nitrites  or  nitmsitcs  (",,iH,gN(  (  NO,. 
They  were  first  didcovcred  by  Cahours,  and  are 
prepared  by  the  action  of  nitxogen  oxides  on 
the  corre.-tiK)u<linii  phcllandnnc  in  ligroin  solu- 
tion ur  by  mixing  aii  cm^uiiI  weight  of  aqueou-s 
Hodium  nitrite  with  a  solution  of  the  pheU 
landrone  in  light  petroleum  and  then  adding 
gradnnlly  the  equivalent  quantity  of  glacial 
acetic  acid.  i'luy  aie  purified  by  8oluti«<n 
in  acetone  and  fractional  preoipitation  with 
w»ter  or  ))y  dissolving  in  ohioroform  and 
precipit  lit  in_'    w  ith    methyl   alcohol  (Cahours, 

1.  c.  ;  \\  itllach  and  Her  big,  Annalen,  1895,  287, 
373 ;  WallAoh,  AmL  1900,  313.  345 ;  1904,  336, 
U  :  H.  lbronuer.  Compt.  rend.  1001.  133,  43; 
Sclundelmeider,  Chem.  Zeit.  liK>7,  31,  759). 

a-PhellMidrcne  yields  two  modifioations 
which  may  prolmhly  he  r(^p:ard6d  M  CM*  and 
IranS'  forms  of  the  nitroitites  : — 

a-Modificatum  has  m.p.  113«-I14*  (Wallach). 

120°-121*  (Schn  incr.  Chcm.  Zentr.  1001,  ii. 
544),  but  accordinc  to  Clover  (/.'.)  the  melting- 
point  depends  on  the  t<!mperaturc  of  (Tvstallisa- 
tion  of  the  nitmsite  {«ee  also  lyimbach,  I.e.) 
[o]j^+  136°-143"'(frora  f-phellandrene),  [oj^^- 138' 

(horn  <I-pheUMidzene). 

$. Modification,  m.p.  105M06°  [aljj-40-8'* 

(from   /-phellandceue),   [o]p+46'8*  (fiom  d- 

pheliaadreae). 

The  nitrosites  do  not  react  with  bromine. 

and  are  tiot  readily  attacked  by  potassium 
permanganate,  the  products  of  oxidation  In-ittg 
active  MopropyLiUCcinic  acid,  and  Mobut^Tio 
acid.  When  oxidised  with  nitric  acid,  the 
products  are  trinitrotetrahvdrucymeue  (chirflvl 
CioHijNaOj.  m.p.  1.3('.''-137°,  terephthalic, 
batyrio  and  t'tfopropybucoimc  aeida.  When 
reduced  with  cino«dast  and  prbioial  acetic  arid, 
the  nitrosites  yield  a-phdhiu'h' tir  dntmini 
CioH„(NHj)„b.p.  2r)l°-254°.  132°-134M7  mm. 
(Wallach.  Annalen.  HM»2.  324.  270;  ibid.  1904,  ' 
33fi.  42;  Kondakotf,  .1.  pr.  Chem.  1!X)3,  [il  ]  f.^-t. 
2"J4).  I>nt  \vh<  n  reduced  with  sodium  and  uicuhol. 
they  yield  tetrahydrtM^arvind.  an<l  letrahydro- 
oarvylamino.  The  action  of  hydrochloric  and 
of  snlphnrle  acid  and  of  ammonia  on  the  nitro- 
sites  h  i.'^  iil-o  h(-en  stnclicd  (Wallach,  Annalen, 
1004,  336,  26,  28  ;  ibid.  HKX),  313,  346). 


NUro-a-phellavdrene  is  obtained  by  the 
action  of  alcoholic  potash  or  acetyl  chloride  on 
the  nitroMtf  (Annalen,  1887,  23i».  42;  1695. 
287»  374;  1904,  336,  31;  1900,  313,  349; 
Semmler.  Ber.  1903,  36,  1764).  It  is  a  pale 
;  yellow  oil  with  a  quinone-lik>^  odour,  b.p.  134*- 
138*,  125*-129'*/9  mm.,  and  gives  witii  sodium 
and  alcohol  the  same  reduction  products  aa  tlM 
nitrosite.  Its  optical  notation  is  in  the  wma 
sense  as  that  of  the  nitrosite  employed. 

fi'  or  pseudo-Phellandrene  obtained  chiefly 
from  water-fennel  oil,  aluo  from  schinun  oil,  and  in 
small  quantities  from  that  of  Euealyptus  gkbvius. 
Attempts  have  been  made  to  obtain  it  syntheti- 
cally by  treating  carvomenthenedibromide  with 
aleohoue  potash  (Kondakoff  and  SohindebneiBer, 
J.  pr.  Chem.  [ii.]  72.  103).  or  by  treating 

»wprt)pyllu'Xenone  with  br«.>macetic  est«T  in 
presence  of  zinc  ;  then  removing  water  from 
the  hydroxy  est* t  so  formed,  and  hydroly>jn;4 
the  product  (Wallach,  Chtnj.  Zmtr.  1<108,  i. 
2166).  The  sulisfuncc^  so  obtainetl  gave  the 
reaction  of  i3»phellandrene,  but  could  not  be 
obtained  pan.  Itlias  h.p.  170^-172*.  tFT/ll  aan^ 
8p.gr.  0-8520  at  SO®,  [ol^^ + 1 8-54.    On  rednofeion 

it  yit  11-  ihf  same  liihydrophellandrene  as  the 
o-coM]|H  m  i.  and.  like  the  latter,  it  combinen 
with  t  \\  M  ill  1  mis  of  bromine,  forming  a  di bromide 
which,  unlike  the  a-dibromide,  reacts  vrith 
aloohob'c  potash  forming  a  monobromoethoxy  ether, 
b.p.  125*'-135''  10  mm.  (S  niinler,  Ber.  1003.  36, 
1753).  /i-Phellandrene  reacts  with  hydroohlorio 
acid,  forming  pinene  hydrooMoride  anddipentene 
dihvdrochloride  (Kondakoff  and  InhindomlfliaiT, 
J.  pr.  Chem.  1907,  [ii.]  76,  141). 

When  ^-phellandrene  is  oxidised  with  excess 
of  pota.s8ium  permanganate,  the  final  product  is 
t«obutyric  acid,  but  at  a  low  temperature  and 
with  excess  of  the  hydrocarbon  the  following 
produote  are  obtained*  l-Mropropyl-A*-cyclo- 
hexene-4-one,  wobntyrieacid.  a-iMpropvIglutario 
acid,  and  a  syrupy  glycol  ( ',„H,,(6!&)^  b.p. 
I  ">0*/10  mm.,  which,  on  distillation  with  stimhuiio 
acid  in  steam,  gives  tetrahvdrocnrainal^hyde 
identical  with  pliellandral  fWaUach.  Annalen. 
HM).!.  340.  1  ;  Sfx  aha  Semmler.  Bcr.  1903,  36, 
1740).  When  oxidised  with  free  oxygen,  0- 
phellandrene  yields  l-Mopropjd-A'-cyc/ohexene- 
4-one.  b.p.  10.^®-I06** '1 5  mm,,  sp.er.  0  9387  at 
26°,  the  seaii-i  irliazonc  of  which  melts  at  183*— 
184*  (Wallach,  Aiuialen,  1906.  343,  30). 

$-PhdlaHdrene  nitrite  or  nOrotitc  c,„H ,  «N.O, 
exists  in  two  modifications;  a-nilrofUr  lias  ni.p. 
102°    [alj^- 150-3*';   /3-mrMliti,-ation    has  m.p. 

97°-98*',and  is  almost  optically  inactive(  Wallach, 
Annalen,  1904,  336,  43;  1905,  340,  1). 

The  nitrites  of  /S-pheliaadiene  an  move 
readily  soluble  than  those  of  a>pheUandrpne.  On 

reduction  witli  .sodinm  and  alcohol  varii)ns  ba>ie 
products  and  cuniinaldehyde  (m.p.,  of  semi- 
carbaz«uie.  21(t''-211*)  are  formed,  whilst  if 
ean'fully  rediu>  d  with  zinc-dust  and  aoetic  aoid 
l»vo-rotatory  fi-phdbiDihi  nc  diamine 

C„dl„(XHj)„ 

b.p.  200°  (dcciomp.),  133°-136°  1 1  mm.  is  formed 
(Wallaoh, Annalen.  1902, 324. 278).  Thisdiamine 

gives  a  nnmlM-r  of  <Iistinctivc  d<'rivatives. 

N itro-a-phdlandrtnc  C,nH,jNOj  i.s  obtained 
by  treating  the  /3-nitrosite  with  ammonia  or 
potash  (Pisci,  kc:   Wallach,  Annalen,  1904, 
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14  ;  19U5,  UO,  S  ;  <hid.  :?13,  3H) ;  on  reduo- 
Uc»u  it  jriekUdihydrocuuiiiiiiliichyde,  tctrahydro- 
cuminylMBine,  cuininylaniiue,  and  other  t>asic 
substaooeiB.  Aocuniing  to  Bacon  (I.e.),  in  addi- 
tion to  the  a-  and  ^-phellandrenoH  contained  in 
i-l»^mi  woii'l  n'siiit!,  thero  is  another  phi  llni(dr<  ti( 
having  b.p.  176"-17b%  gp^fpc.  at  30  /4 

FMtmdral    (MnKvinemnviuiUekydt)  [v. 

'Uj/ra)  C,oII,^(»  has  been  olituincd  from 
tkiMundnunh  aquaiicum  aft«r  removal  ot  the 
phellAudrene.  It  ia  isomerio  with  oitnl,  and 
boila  at  2i?0''-230*,  89°  :>  mm.,  sp.gr.  0-9440  id 
15*,  ttj^— iiti*'  30'.    It  givtii  a  semi-carbazoue, 

tt.fk.  2(M*,  Ml  ozime,  m.p.  87*-88^  md  a 

phcnylhydrazone,  m.p.  I22**-I23*.  On  (.-a- 
poatm»  io  Uie  air  it  forma  the  crystaiiine 
•Old  Ci«II||Ot,  and  wbeu  oxidibcd  with  potaw- 
siutn  pf*rninnt^anate  it  yields  the  dihattic  acid 
U,U„U4  (J.  boc.  Chem.  lud.  im,  1230). 

FHBKACETIN  p-actipfienetidine 
C,HjOC,n,Ml  COCH, 
i«  yicpurcd  by  etbylating  }>-nitrophenol  by 
Kolbe'a  method  (J.  pr.  Chem.  [ii.]  27,  424), 
mdaomg  the  nitruplieBetule  and  !\(  etylAting  the 
rwalting  amiuopbenetole  by  boibug  with  glacial 
acetic  (Kill  iPlatt,  J.  Anal,  and  Appl.  Cb.  1893, 
77  i  Uiasbe^  Aniuden,  1^90, 305,  278  ;  Tiaber, 
IX  {L  P«  SQv68)« 

According  to  Paul  (Zeitsch.  ;ingow.  Chem. 
1896,  687)  phenacvtin  m  pt-epared  by  heating  a 
mixture  of  lti-7  grams  of  p-arainophenetols 
hydrochloride,  8-7  gramu  of  Bodiuni  uct  tafO",  and 
H3  grama  of  ocotio  acid  under  a  rt^tiux  coudenser 
for  3  hours.  The  mixiDre  m  then  poured  into 
t«n  times  itt  Toliune  of  boiling  water  and 
the  solution  is  filtmtl.  On  cooling,  phenacctin 
3»  p.iralf4  out,  and  can  bo  purified  by  re]K!utcd 
rccry»t<dli»fctioaa.  The  yield  is  90  pi.o.  of  the 
thsoniliii^iil 

It  cryf^talllsRs  in  colnnrlcss  needles,  melts  at 
IW,  and  is  sparingly  aoluble  in  water,  soluble 
io  glycerol,  and  readily  soluble  in  alcohol  or 
acetic  arid  (Hinsberg  and  Ku,~.t,  Cbem.  Zentr. 

1887,  '^ZH ;  L'teacher,  J.  Sue.  Chem.  Ind. 
1888»  87  ;  Seidell,  Amer.  Chc-m.  J.  1907,  1068). 
Aoc<>rdiDg  to  I>ujardin-Beaume(£  (Chom.  and 
l>rug.  33,  244),  phenacctin,  if  toxic,  ia  only 
»o  iri  nii^ht  degn-f.  It  id  a  safe  and  trust- 
worthy aotipjyTetio,  entirely  iree  from  injurious 
seconoHry  eOBoCs,  and  in  doses  of  0*2^*6 
rruii  iHi«'!u(<  -i  a  gradual  lowering  of  tempf 
tiituru  during  4-U  hour;*,  when  a  maximinn 
depres<don  of  2*  is  reached,  D.-li.  ;  H.  and  K.  ; 
U.  ;  Ghillany,  J.  b<>c.  Chftn.  In  !.  1S87,  f,7f'; 
Koblor,  Chem.  Zontr.  I6a7,  Hoppt ,  ibtd. 

1888,  ti09  ;  Rumpf,  ibid.  1888,  1108.  In  1  u-er 
doses  (1-2  granw)  it  acts  as  an  anti-neuralgic. 

Pure  phmiAcetin  iihoold  anxwor  to  the  follow- 
ing teats  (Piatt,  Ic.)  :— 

(1)  Wheu  boiled  with  hydrochloric  aoid,  the 
61tnto  of  the  odd  diluted  wlution  pnidiices  » 
ruby-red  colour  on  the  rulditioo  of  2  Of  3  ditipn 
of  potasaium  dichroiuale. 

(2)  After  boiling  with  water,  the  ooolcd 
filtcrod  solution  should  remsio  elmr  on  tho 
jwidition  of  bromine  water.  ^ 

(3)  Hoiled  Mrith  hydrochloric  acid  and  ferric 
chloride,  a  red  coioor  is  prfxluced, 

(4)  Btiilod  with  osustic  p«)tash,  alcohol  is 
pcodooefL  ' 


{t>)  Hcati'd  with  akohul  aod  soljphvzio  addr 
ethyl  acetate  is  pruduccd. 

(0)  dodiuin  penuiphate  produces  a  yellow 
colour  when  warmed  with  pneQsoetin»  and  this 
deepens  to  orange  on  boiling. 

(7)  iiroiuine  water  when  heated  witli  phflo* 
at  eiin  <4oluUon  ffives  s  rose'ooloiir. 

(8)  With  Mulon's  reagent  phensoeHn  giT«e 
a  yellow  colour  paasing  to  red,  nitre  fuiin  -  an' 
altto  given  oil  and  a  yellow  precipitate  scpurut«b 
(Barrul,  .1.  Pbarm.  Chiro.  19U4,  237). 

(0)  When  hoikd  with  phospLoric  acid  of 
Bp.gr.  i-7  a  rubc  colour  ib  prtKiuct'd,  panifing 
through  red,  violet-bluiah-green  to  a  dirty  green 
(Kaikow  and  Sohtarbaiu>w»  Chem.  Zentr.  1900, 
i.  099). 

Phenaoeiin  may  contain  as  impurities  or 
adulteratioQs^  acetanilule^  antipyrine,  auiniue, 
exalgin,  and  othw  rabetanoes  (Manmdi,  B. 
Pharm.  1906,  57).  It  also  occurs  as  an  impurity 
in  antipyrine  and  other  pharmaoeuticaf  sab* 
stances.  Aoetanilidemay  bediitingnidiedl^tlie 
following  methods. 

0-1  grapi  uf  the  uampiu  in  Ix.iiied  nith  3  c.c. 
of  a  50  p.c.  sodium  hydroxide  ^jolution,  then 
cooled  aud  shaken  with  5  c.o.  of  sodium  hypo- 
chlorite sdution.  If  acetanilidc  bo  present  a 
purple-  or  brownish-red  turbidity  is  produced, 
but  if  the  sample  be  pure,  a  oieor  yellow  liapd 
is  obtained  (Heringer,  Clwni.  and  Dmg.  1908, 
377). 

0-5  gram  is  boiied  with  6  c.c  of  water, 
cooled,  filtered,  and  the  filtrate  boiled  with 
dilut<!  nlirie  iu  id  and  potassium  nitrite.  'I  hen 
a  drop  or  t\^o  of  I'iuggo's  phenol  test  i^  uddcd, 
and  the  solution  boiled.  The  appeannce  of  a  red 
colour  indicates  aoetanilide ;  2  p.0.  <A  the  latter 
can  thus  be  detected  (Schroeder,  Arch.  Pharm. 
[iii.]  27, 226).  0-5  p.c.  ueetanUide can  be  detected 
oy  boi^g  a  gram  of  the  sample  with  16  co.  of 
water,  the  sotntbn  is  then  eooled  and  Altered. 
On  addition  of  Lroiainc  wate  r,  a  turbidity  is 
produced  if  the  impurity  is  present  o«inz  to  the 
separation  of  ]»>I)i»inaeetanifide  (Gvasti,  L'Orosi, 
17,111). 

Tu  detcut  piieoaoetin,  itxaigiu,  stud  acetaniltde 
u)  a  mixture,  1  gram  of  the  mixture  is  treated 
u-ith  2  c.c.  chloroform,  which  di&solves  the 
exalgin.  In  aqueous  solution  antifcbrin  gives 
with  I  roinine  water  a  cryBtolline  bromine 
compound,  whereas  tiie  other  two  substances 
do  not  ^ve  this  (HirsohsolUt  Pharm.  J.  20,  710). 

Or  2-4  c.e.  of  the  ."^olulioji  in  hoiird  witli  [xitasli 
in  a  tcbt-tube  fitted  with  a  ruLib&r  cork  and  bent 
tube  leading  into  a  tube  containing  X^Z  Co.  of 
fill .!(  hiii;:  powder.  If  acetanilidc  is  |irest  tit  th'* 
iifist  iow  dropa  produce  a  \iolet  colour,  i'^xaigin 
gives  a  green,  taming  to  a  ;jreyish-green  colour; 
if  antipyrine  is  present  a  yellowish -green  colour  is 
produced,  whilst  if  none  of  them:  impurities  is 
prorient,  at  first  the  .s.4utii.ii  remains  eolourle»», 
then  a  trermiilion-red  turbidity  is  produced,  and 
finally  a  red  sabstanoe  separates  on  the  surface 
of  the  liquid,  wliich  it^-lf  remains  cli>ar  yellow 
(Raikow  and  S<"htarhunow,  Lc). 

The  prcHencc  of  quinine  can  be  detected  by 
tlie  .nldlt;  ill  nf  chlorine  water  and  ammonia 
v.iie:i,  if  quniine  is  [iresent.  u  li^ht  bine  colour 
will  he  produced,  whereas  if  the  sample  is  pure 
the  colour  is  viokt-ycUow  iWc'tini  ami  Campaoi, 
L'Orofii,  M,  304) ;  or  the  sulutionis  agitated  with 
bromina  rapour  and  ammonia  addod  drop  by 
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fjrnp,  tlif  s)lulinn  turns  prwn,  and  on  being 
t«luik«  u  with  ether,  two  layeict  am  formed  ;  the 
upper  i»  green,  indicating  quinino,  the  lower  U 
violct-yelluw,  and  oonnutH  of  the  ph«naoetiii 
compound  (Chem.  Zcit.  1892,  308).  For  other 
incthod.s  and  for  the  dt'toction  of  other  impuiiliet* 
<J.  Kailtow  and  Schtarbauow,  Lc ;  Luttke, 
J.  Soo.  Chem.  Ind.  1090,  644;  Beater,  Fharm. 
Zoit.  1891, 185  ;  Goldmann,  ibid.  208  ;  Piatt,  i.e. ; 
Hyde,  Amer.  Chem.  J.  1895,  933 ;  Schoepp, 
Pharm.  Zeit.  1897, 106 ;  Maaa,  Chem.  Zentr.  1900, 
ii.  1216.  For  the  estimation  of  pbenacttin  cf. 
Turner  and  Vaudorkleed,  I'harm.  J.  VJOl,  521. 

When  finely-powilered  phenaoetin  ia  boiled 
with  nitric  acid,  the  solution  on  cooling  deposits 
silky  yellow  needles  ot  nitrophenacetin 

OBtC,Ha(NOa]^HAo, 

m.p.  103°.  This  reaction  can  serve  as  a  tost 
for  difitiiigui-sliing  phenaoetin  from  neofanilide 
and  antipyriiu<:  (Autenrieth  and  liiu.sberg, 
Arch.  Pharui.  229,  456).  From  the  nitro- 
compound luted  (OHthloro-in-hjydroxydipheiiyl- 
qnfaioxaliiie),  a  vvfy  MOflitiTe  indicator  can  be 
prepared  (Autenrieth,  Chem.  Zcit.  1900,  463; 
Meyer,  J.  8oc.  Chem.  Ind.  1909,  328). 

With  concentrated  sulphuric  acid  phenacetiu 
gives  the  siilphunio  derivative,  other  compounds 
being  ubUiiuod  when  the  strength  of  the  acid  is 
varied  (Cohn,  Annalen,  1899,  Wl^  233). 

Alkylated  pLenacetins  are  obtained  by 
treating  a  solutiuu  ui  phenacetin  in  xylene 
solution  w  ith  sodium  and  then  acting  upon  the 
sodium  salt  thus  obtained  with  the  ilkyi  halide 
(Willoox,  J.  Soa  Chem.  Ind.  1891,  384);  or  by 
trciitini'  thr  acetyl  compound  of  phenacetin  with 
the  corresponding  alcohol  (Willcoz,  Lc  854). 

The  meth^  oompound  EtOC.HiNMeAc, 
nLp.  40°,  has  more  powerful  narcotic  pr  .p-  rtk-s 
than  phenacetin  itseli,  and  the  ethyl  compound, 
m.p.  38°,  still  more  so.  The  ito-fnpyl  and 
higner  alkyl  compounds  are  Ipss  powerful 
narcotics  (Uinsberg,  Amndcn,  18UU,  auf*,  276). 

Penacylphenaeetin  OEtC.H Ac  CHjCOPh, 
m.p.  87^^,  has  been  prepared  in  a  similar  way, 
and  is  a  non-poisonous  hypnotic  antipyretic 
(CkJdschmidt,  C'hcm.  Zeit.  1901,  (328). 

By  boiling  phenaoetin  (i  mol.)  with  acetic 
anhydride  (3-4  mols.)  a  diacetyl  derivative  i.-s 
formed,  m.p.  53-6°-54°,  which  has  similar 
physioiugicttl  properties  to  phenacetin,  it«  action 
being  more  intense  but  less  Insting  than  the 
latter  (Bistraycki  and  Ulffers.  H.  i.  31,  278S). 

Phenacetin  has  been  chlorin.tttd  (lioverdiu 
and  Diiring.  Her.  1899,  32,  152  ),  and  brominnted 
(Uinsbeig.ie.;  Staedei,  Annalen,  1883,  217,  73  ; 
Vaufael,  Ber.  1890,  1^  1876 ;  J.  pr.  CSiem. 
1897,  [ill  217  ;  Hodurck,  Bcr.  1897,  :W,  477). 

Ity  the  action  of  chloracetylchloride  on 
p-phentidnie  the  diloiine  derivatiTe 

0Et<;«H4KHC0CHta, 

m.p.  145°-14e%  is  obtained  (Bistrsyoki  and 

Ultiers,  Lc). 

When  a  solution  of  phenacetin  in  water, 

alcohol,  or  i/lat  ial  arctic  aci.I  is  trrated  with  a 
holutiun  uf  iixlinc  in  |Kita>siuiii  ioilide,  a  choco* 
late-coloure<l  ciystalline  powder  of  iodophenin 
Cjo'T;  ,^'aO«i»  is  precipitated,  wliieh  is  applicable 
to  therapeutic  purposes  (liicdol,  J.  Soc.  Chem. 
Ind.  1892,  633;  ]>.  E.  P.  88409)  (9.  SYKtBnTlL 
obum). 
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Phenanthrene,  which  was  isolated  from  coal* 
tar  almost  simultaneounly  by  Fit  tig  and  Oster- 
mayer  (Ber.  1872,  5.  933;  Annalen.  1873,  mi. 
361),  and  bv  CthcIk-  and  Glasor  IH'  r.  1872.  5. 
8t}l,  968.  982;  Annalen,  1873,  167.  131  ;  cI. 
Limpricht,  Ber.  1873,  6.  532 ;  Hayduck. 
Annalen,  1873,  167.  177).  i.s  il.c  chief  con- 
stituent of  the  solid,  reiulil\  e»(duble  portions 
of  crude  anthracene.  It  constituted  alxiut  46 
p.c.  of  the  Stii]>|ifctt  ohtniijcd  as  a  1)\ -|iio(1ih  t 
in  the  di^liliutiun  ui  Idriuii  quickfiilver  urc.^,  Lut 
the  process  is  now  obbolete. 

Formation. — ^Phenanthrone  is  obtained  with 
other  hydrocarbons  when  vapours  of  tohiene 
((■'niche.  Ber.  1874,  7,  48),  stilbnc.  dibiiiZ\l 
((iraebe,  Annalen,  1873, 167, 157  ;  Barbier,  Ann. 
Chim.  Phys.  1 876,  [v.]  7, 632),  turpentine  (Sohulti, 
Ber.  1877,  10,  113),  or  Baku  petroleum  residues 
(Letny,  ibid.  1878,  11,  1211),  or  mixtures  uf 
,|  diphenyl  and  ethylene,  benzene  and  styrene, 
bt^nzene  and  c(h\  Icnc  (Barbier,  Lc.),  or  en  ma  rone 
and  benzene  (Kxaemer  and  Spilker,  Ber.  1890, 
23,  85)  arc  passed  through  a  red-hot  tube.  It 
is  also  present  in  the  product  obtained  when 
morphine  or  codeine  ( V'ungeriehtcn  and  Sehi  ottn>, 
Annnlcn,  1881,  210.  ;W) ;  Ber.  1882.  15,  1484, 
I  2179),  or  morphenol  (X'ongerichten,  Ber.  1898, 
31,  3202)  is  distilled  with  smc  dust. 

J'r:  /■■.■:rniio». — For  the  isolation  of  phenan- 
threne iliat  portion  ui  crude  anthracene  which 
is  readily  soluble  in  light  petroleum  is  used. 
To  ensure  freedom  from  phenols  of  high  boiling 
point  it  is  extracted  with  caustic  soda  solution, 
n<  ri(Hi;e  being  removed  aftcrward.s  \s  itli  sulphuric 
acid.  The  residue  is  then  distilled  fractionally, 
and  the  fractkm  boiling-  at  320^-360^  is  re« 
fracfionated  iKtwrcn  339°  and  342°  (C.  A. 
Sehinult,  Ber.  lH7y,  12,  1169).  The  product, 
which  still  contains  some  antluacene  and  other 
h  vilrocarhon  inijiurit  ics,  in  orystaliised  frtim  a 
larj.;*  bulk  oi  iilcuhulto  remove  these  less  soluble 
con£itituent><.  phenanthrene  being  separated  from 
the  mother  liquor  by  concentration,  and  purified 
by  reerystallisation.  Wense  (Ber.  1886,  19,  761. 
footnote )  n  c  oiunien'ls  the  Ukc  of  tohiene  ati  a 
.solvent  for  the  removal  of  the  less  solubk; 
anthracene. 

Purification  can  he  effeeled  hy  oxitlisinc  the 
impure  matenal  wiihjiulliciuil |<«»ta,s.«iiumdiciiro- 
mate  and  dilute  t<ulphuric  acid  (AnHohuta  and 
.Sehultz.  Annalen.  \>>1*.K  1  !><'>.  :}')).  to  convert 
anthracene  present  uilo  the  quiuoiu-.  For  this 
reason  erutle  anthraquinone,  produced  from 
crude  anthracene,  saves  as  a  convenient  source 
of  phenanthrene  as  this  hydrocarbon  can  bo 
extracted  from  it  ref\<lilv  by  85  p.c.  alcohtd 
(c/.  G.  A. Schmidt.  .1.  pr.  ('hi  m.  1874,  [iL]  9,  266). 

ilnother  method  of  purifying  the  phenan. 
thiene  fraction  has  been  proposed,  in  which, 

'  Knorr  has  proposed  that  4  :  ."S-iI'  Tivatlves  »houI«l 
hti  called  m^so-didenvntiveH  of  phcnaut  lircue  (Ber.  1003. 

3078) ;  .ilso  tliat  the  iiuniberiuR  of  iKwItkms  m  the 
luiddJe  ring  should  be  continued  from  lU  to  14  (ber. 
11107, 40, 3Ulh 
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f  acid  and  Iwisic  cnn.sf  ifucnl.s,  tho 


after  rctnc>\ 111 
rwklue  m  freed  frooi  tluureuo  and  dipbutylenc 
oxide  by  fuakm  with  «wi8iic  potMh  at  300*, 

foIluwTfl  \,Y  >>xtra<'tion  with  hot  wutcr.  Tho 
resiilue  j«  then  diMtilk-d  to  oht«iii  the  pun- 
hv«lmcArU»n  (Akt.  Teor-u.  Erd-Oel  Ind.  1).  K.-P. 
130679 ;  EnK.  l*Bt.  5047  of  1901  ;  r/.  KzMnwr 
and  Wcissgerbcr,  Bcr.  1901,  34,  1665). 

On  tin-  laboratory  Hcale,  phenanthrrnc  ia 
ponlied  conveniently  by  oonvenion  in  aloolioiio 
•ointion  into  the  fN«fafe,  whioh  eryRtalliiee  in 
golden-yellow  nccdU^M,  m.p.  14.".",  hiuI  on 

tre«iaient  with  ammonia  yieida  the  pure  bydru- 
CNurbon  (Limpricht,  Ber.  1873, 0»  082). 

/*rr>pertM'*.— Phcnanthronc  cryHtaUiscfl  in 
cuLuurU«8  Hcalrs,  m.p.  100",  b.p.  340".  It  itt 
iniwluble  in  water,  but  readily  soluble  in  hot 
Alcohol,  ether,  carbon  diKulphide,  acetic  acid,  or 
benzene,  Hhou-ing  blue  fluoreacence  in  solution. 
100  part>  of  toluene  (iisMolve  33-02  |iart«  at 
;  loo  |Mrt«  of  Absolute  aioohoi  disaolve 
2-62  parta  at  ]6»  *  or  lO'OS  puts  at  78*  (Beohi, 
B^  r.  1879,  12.  lOTS);  und  100  i»ir(s  of  ft.l  p.c. 
alcohol  dicusolve  aUtut  2  jmrts  at  IS^-li"  (Ciraebe, 
Annalen.  1873,  167,  136). 

Reactions. — (1)  OxidiHing  agcntH  conv^rl 
henanthrene  into  phrnatUhrafjuinone.  or  I'v 
urther  oxidation  into  diphenic  acid  (Fittig  ami 
0>tfrmft  \  or,  Lc),  but  with  a  Jaige  exoem  of  100 
l>.f.  Kuiphurie  acw!  and  fiome  mercory  at  300*" 

fhlhalic  acid  in  olitaim  d  (l^afl.  .\nilin-  ii.  Sodn- 
ab.  D.  R.-P.  91202 ;  Eng.  Pat.  18221  of  1906). 

(2)  Chlorination  in  presence  of  halogen 
carrif'i^  It  ad.'*  to  the  pro<luction  of  9  :  lO-dirhloro- 
pJitnanUm  Ht,  nee<llc«,  m.p,  160'*-161°  (.1.  t5chniidt 
and  lA<lner,  Ber.  1904^  87,  4408),  and  of  2:9:10- 
irichlorophenanthrene,  needleH.  m.p.  123''-124'^ 
(Schmidt  and  Schall,  ibid.  1906,  39,  3892). 

(3)  With  bromine  in  the  cold  it  formH  the  | 
dibromide,  prisma.  m.p.  08°,  which,  heated  at  its  | 
melting  |Kjmt.  or  tritn  w»t<T,  dt^eomposes  into 
f»  t  I'rnniftfihi minthrenr,  priHmx,  m.p.  63°  (Fit- 
tl^  and  OHtermayer.  AnnaleD,  1873,  166,  363; 
Hayduck,  l.e. ;  Zetter.^  Ber.  1878,  11,  165; 
An'^tin.  Chrm.  Sfir.  TrnriH.  IfH»S.  f>n.  17<i3). 
iiruinintit^ion  in  iMiiling  chloruforni  Mjlution  IcHiiM 
to  the  formation  of  3:9-  (or  lO)-(libromopbenan- 
tbrcne,  needles,  m.p.  146°  (Schmidt  and  l^dner. 
Ber.  1904.  37.  3577)  from  phenanthn  ne.  but  of 
2  ~  'frnitiofih'  nniilliri  III ,  iit>(  <ll(  H,  m.p.  199'^- 
2{)u\  from  a-tetrabydropbuuauthrone  (Schmidt 
and  Blester,  itnd.  1W7.  40. 4M2). 

(4)  H\  nitric  arid,  it  u  ccmvcHvd  into  nifn. 
flerivativeH  like  napbUmleae  anti  not  oxidi^xxl  to 
quinone  like  anthracene. 

Constitution  nnd  ^ynthtfoi.  Tin-  sfnirtural 
formula  a»««igned  U)  phenanthreni  ul  I  hi  luuui  of 
this  article  was  adopted  originally  to  exhibit  the 
lelationiihip  exi«tln|{  between  the  hydrocarbon 
and  dipbenie  acid,  it»  oxidation  pnMluct  (Fittig 
atid  f)-tf  rtna\ IT.  I.e.  ;  Scliiiltz.  Annalen,  1879, 
190,  I ;  1880.  203,  95),  or  pbthabo  acid  {d.  An- 
Hchfltc  and  Japp,  Bw.  1S78, 11,  211).  It  has 
iMH'n  confirme<l  byHrvcrnl  synthr'^eK.  from  among 
which  tbrtic  may  Ik?  selected  for  reference  a^ 
etiiabliMhuig  the  pieeenoe  of  apooific  radlclca  or 
liii kind's  : — 

(i.)  lii-lationHhip  to  etiiyli  nc  ;    I'lothu  tioii 


of  phenanthrenc  by  distilling  phenanthren«-9- 
earboxylio  acid  obtained  by  the  interaction  oi 
diaaotiaed  a-phenyl-tMunnuMiniuiniio  aoid  and 
(iopper  powder  (Pschoir,  Ber.  1806,  29.  496). 

co.a 


(ii.)  Relati<mship  to  diphenyl :  Pioduotion 

of  |>li('i)anl  hri  lic  l>y  debrominating  »a»w'a''-r<  tra- 
brouio-2  :  2'-ditolvl  bv  means  of  sodium  (Kenner 
and  IHimer,  Chem.  s;)c.  Trana.  1011,  00,  2112). 

;HBrs  Bf^Hn 


-X) 


X) 


'  Zmii^T,  also,  Ueacribed  two  diliroinopliennii- 
tliri  ii'-H,  liiil  t,n.;  of  them — the  ^-coiiiptniiiil  -{*  now 
known  tri  \m  0-dibruiDufluur«lH>  (Werner  and  i<^er. 


(iii.)  Relationship  to  naphthalene:  Pirodue> 

tioii  of  4-liydro.\y jihrnfinf hioiip  by  hcalinf;  fl- 
iiapblliy]i>f-<Totoiii(    ))<  id,   pn;pared   from  ^- 
nHphthald(li\(U-  bv  tin  I Vrkin reaction (Ludewig, 
.Vnnalen,  1911,  370,  361).^ 
H. 

i'H  HO, 

Pscburr'a  method  Ium  proved  to  be  of  wide 
application  in  the  syntheei*  of  phenanthrene 

derivativcH  of  known  ron«t itiition  from  -tib.'^ti- 
tuted  a-phenybo-nrntniicutiiiinue  Hciiit^,  iind, 
coupled  with  the  investigations  of  Vuiigeriehl«'n 
and  of  Knorr,  has  nia<le  it  |K>ssiblefor  thereini  ioii- 
ship  iH'twwn  i>h»*nanthrene  and  the  morphmi' 
gniun  of  o]iium  alkaloids  to  Ite  elucidated. 

Uhemical  activity  in  the  pbcnantbrene 
niolecole  w  manifeirted  chiefly  at  the  ethylenic 
li.iuMc  !inl\ln;_'.  '-lio\\ii  Ixtweeii  eailK^ti  aioiiis 
iiunilx  m)  9  unci  10  m  the  formula  at  the  head 
of  this  article.  Her©  the  addition  of  hydrogen 
and  bromiiH  t.iki  ~  plnrc.  htrr  dxidation  leading 
to  the  production  ot  piiciiantbnKpiinone  occuth, 
and  here  dinruption  of  the  molecule  follows 
when  more  powerful  oxidising  agents  are  us^-d- 
a-t  in  the  formation  of  dipbenie  nei«l.  For  the 
purposi-  f»f  determining  orieritat  ion  in  th«-  plii-nan- 
tbren(>  molecule,  oxidation  to  diphenic  acid  ia 
ini|M>rtant,  as — when  Hubotitucnta  ocenr  in 
p«)sitii>ns  other  than  fi  or  l(t  or  9  arirl  10  tli.  \ 
are  found  in  corn om In  |HMitions  ni  the 
result inf;  diphenic  a*  i(  i  . 

Pbeiianthrene  has  liti!'  \  due  in  terhnical 
chenii-'^trv,  but  its  relat lon-liip  to  M>nie  of 
the  alkaloids  of  opium  anil  o;  ^  '  yefo/M  iii 
of  much  inten*»t.  ThcHe  aikjdoids  are  me- 
tboxy  or  hydroxy  <lerlvfttives  <»t    t<tm-  or 

'  AlthmiKli  iiliriiiinrlirciK'  I'.'iii  hv  •^yiitht-sl'^i'il  from 
nnpblhiiit'iK',   flir    rrvcr-i'   (>]>t'f;itiiiii    h.i^    \\<i\  ln-t-n 

the  midilUs  riiiit  iuw  tteou  broken  dtmn  by  oxidising 
aOttolfl, 
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hexa-hydropbeuaathreiie,  the  parent  subtitauoe 
aaaooiated  with  the  nitrosen  complex  in  the 

case  of  the  opium  alkaloids  being  3  : 6-di- 
Uydroxv-4 : 5-pheuuiithr^  Ifiie  oxide,  m  the 
moleoiile  of  which  (o)  rings  I  and  II  ue 
\  hy<ir(>j.M"nated   in  morphine 

11  ^  V  and  cod(  Ine,  but  only  ring  I 
in  Ihibnino;  {b)  the  hy- 
y>  "(^  droxyl  radicle  is  methylated 
'O-^  in  ring  I  in  eodebe,  but  in 
both  rings  in  thebalne.  Of  tlie  Corydalif^  alka- 
loids biubocapniue,  corytuberiue,  and  cor\  dine 
leas  is  Imown,  bat  a  leUtlonship  ha8  been 
cstablii-hcd  between  t heir  stmcturc,  and  that  of 
u/;oniorphine  (Ci.idaiuer,  Axch.  Pharm.  1911, 
249,  003;  cj.  Dubbie  and  Lauder,  CSiem.  Soe. 
Trans.  1W2.  81,  145). 

The  connection  bc-tweeu  the  opium  alkaloids 
and  hydroxyphenantbrenes  has  led  to  the  study 
of  the  idiysioiogioal  action  oi  phenanthrene  and 
its  denvatiTes.  Phenanthrene  and  its  hydio- 
genated  derivatives  are  ha^nlle^^^  (Hildt  brandt, 
Arch.  exp.  Path.  Pharui.  19U8,  69.  140),  but 
8>,  or  9-hydrozypheoanthrene  administered 
Bubcutaneously  gives  rise  to  acute  tetanic 
symptomti,  ub.serveti  also  wth  certain  ol  the 
oarboJCylic  and  sulphonic  acids  (Bergell  and 
Psohorr.  Zeitsch.  physioL  Chenu  1903,  38,  16). 
There  is  no  evidence  to  show  that  phenanthrene 
derivatives  from  the  molecules  of  which  a 
quinoline  or  isoquinoline  ring  is  absent  can 
eaceroise  a  narootio  aotioD. 

PHKNAKTHRESE  llVDRIDKS. 

9  :  lO-  DUi yd rop/mianihrem  is  obtainetl  when 
phenanthrene  is  reduced  in  boiling  aroyl  alcohol 
.si)luti<iii  \>\  fddiura,  or  in  presence  of  fiiuly- 
divided  nickel  at  200°  by  hydrogen  (J.  Schmidt 
and  Mezger,  B<t.  HM»7,  i<»,  4240),  or  in  jjrcsence 
of  nickel  oxide  by  hydrogen  at  320°  under 
100  atmos.  (Ipatiew,  Jakowiew  and  Rakitkin, 
Ii<  r.  1 90S,  11.  \m).  It  forma  leaflets  from 
alcohol,  m.p.  94*'-96%  b.p.  312"'-314°  under 
739  mm.,  and  doee  not  react  with  bromine. 
The  picraU  forms  scarlet  nee<Hea,  m.p.  186*-137* 
(J.  JSchnudt  and  Mezger,  I.e.). 

By  further  reduction  with  theae  agent«  o- 
and  ft  ti  trahydro-,^  and  h>  xtihydro-,  octohydro-, 
dtcahydro-,  and  dodecahydro-phtnanthrenes  have 
been  obtained.  The.se  eomjiounds  are  oils,  the 
boiling-point  and  density  of  which  fall  as  the 
amount  of  hydrogen  in  the  molecule  is  increased. 
With  till'  ext  t  ]iiii>n  <if  tlie  a  tetrahydrti  deriva- 
tive they  do  not  iorm  picratcs  (J.  Schmidt  and 
r,i.e.). 


Phkkaktu&xmesux^uokic  Acu>. 

Monosulphonation  has  been  effected  by  the 

interact  lull  i.f  pli. nani  hrene  with  an  equal  weif.'ht 
of  sulphuric  acid  at  lOU°(Graebe,  .tVnnalen,  1873, 
167,  152;  Sehultz  and  Japp,  Ber.  1877,  10, 
16fil  ;  Japp.  Trans.  Chem.  iyjc.  18sO,  37.  83); 
with  two-thuds  of  this  weight  at  11^"  *  (Morton 
and  Geyer,  J.  Amer.  Qiem.  8oc.  1880,  2,  203) ; 

'  These  t«trali\  ilruphenanthrenes  are  probably  the 
2:7:9:  in-  nn  !  I  :  &  :  B :  10-  (lerivativiw.  but  It  is 
notkno^^Il  wiiu  ii  ui  them hssthsfonBsr, and  whlob the 

latter  Ci.'ii.st  i1  utiuii. 

I  he  ■'  /J-acid  "  iilitalm^il  in  ad<lif  ion  \o  Gr.-iebe's 
acid  by  these  authors  is  not  Identical  wifli  Japp's 
^•aoid,  and  appear»  to  liave  been  :i-;ui'i  iiu.\e<l  w.tli 
some  impurity,  probably  2-aci(l  (c/.  Weruer,  {.c). 


with  an  equal  weight  of  sulphuric  acid  at  diiier- 
ent  temperatuna  between  80"  and  165*  (Werner, 

Annalen,  HK)2,  821,  2r>7)  :  .uu!  with  ehloiOSUl> 
phonic  acid  (Pichorr,  lier.  I'.H)!,  :{4,  4604). 
Disnlphonation  has  been  found  to  occur  when 
phenanthrene  is  heated  with  a!ili\<li<i  ulphuiio 
acid  at  100°  (Fischer.  iJer.  JtoSU,  13,  ;il4). 

Three  monoKulpbonic  acidu  have  been  shown 
to  occur  in  the  products  obtained  by  the  aid  of 
sulphurio  acid.  The  first  of  these  was  isclated 
by  Grnebe,  and  ecuiverted  by  Schultz  and  Japp 
into  a  carboxyhc  acid,  oxidisablc  to  phcnanthn- 
quinoneoarboxylio  acid ;  it  is  the  [a-]  or  S-acnd, 
as  it  yieltls  3-hydroxyj)henanthrene  on  f,i.'<ion 
with  caustic  potash.  The  second  wai>  i.su'.atetl 
by  Japp,  and  by  him  oxidised  to  phenanthra- 
quinone :  it  is  the  [fi-]  or  9(10)-acid.  The  thinl 
is  the  2-acid  discovered  by  Wenier  and  lU  kner 
(Werner,  l.c.),  which  gives  2-hydroxyiihenan- 
threne  on  fusion  with  caustic  jpotash.  With 
ohknoeulphonio  acid  the  product »  a  mixture  of 
the  2-  and  3-Hulphonic  acidic. 

The  conditions  under  which  theM.-  acids  are 
obtained  by  means  of  sulphurio  aeid  is  shown  in 
the  scheme,  which  allows  a  comparison  to  be 
made  with  the  course  of  sulphouation  in  the 
naphthalene  i 
8 


Bett  yield  atflo^-   Best  yield  at  12tP-    Hood  yield  at 
ItH)  ;  not  d«-      130^:  very  UtUe  120^-130^^. 
u>ct«d    ahore     above  UO*. 

For  the  sejwration  of  the  isomerides  fractional 
crystalli.sati<*ti  of  the  lead,  barium,  culcium,  or 
|X)tas.sium  .salts  ib  emi'loycd,  the  bolubility  in 
\\  A\i  v  in  each  case  incroaaiDg  from  the  9(10)-  to 
the  2-acid  (Werner,  Ix.). 

HMBMiitoBiit-2-mWiifliile  mU  has  not  bam 

cryslalli.Md.  Th<'  had  .^all,  ri.A,.2H,0,  IS 
cry.stallinu ;  the  poUuMum  salt,  KA,  and 
ammonium  salt,  NH^A,  form  leaflets ;  and  the 
viiihyl  ester  scidcH,  in. p.  OO^-OS",  which  show 
blue  lluorescence  (Wenier.  I.e.  :  P-schorr.  I.e.). 

Phenai^mae-S-suIphonio  acid  forms  scalea, 
HA,2H,0,  m.p.  H8 -»r,  JLA.ILO,  m.p. 
120^-I2"r;  HA,  m.p.  175^-177°  (SandqviBt. 
Annalen.  190«J,  361>,  lOti).  The  lead  salt, 
PbAj.SH.O,  crv.'^talline  granules;  coitjitr  salt, 
thiA.,4H"0,  scales;  fcrroM  salt,  FeA.,r>H,0, 
and  zinc  salt,  ZnA,,il!/>,  crystallin<  ]o\\(li  rs; 
barium,  salt,  liaAj,3H^0,  scales  ;  calcium  >n\t, 
CaA,,2H,0,  crvstallinc  granules;  mayut-^ium 
salt,  Mi;A2,4H  .O,  scales  :  pot'ti'-ivin  salt,  KA. 
scales  ;  aminunium  salt,  Mil ,  A,  scales,  have  Ijcen 
described  (Sandqvist,  l.c).  The  srUphonyl 
chloride  crystalli.xes  in  rhonduc  prisms,  m.p. 
llO'-lir,  also  114°;  the  amide  in  seales,  m.p. 
190";  the  wrlhyl  t.stir  in  scales,  m.p.  119*; 
and  the  ethyl  ester  in  ne(  dies.  in. p.  108*. 
I     niaiiuitimiie-O  (lO)-sulphoiue  aeM  forms 

needles;  the  I.':ri>i)n  ^all,  ]'.aA,..2ni  ,0,  needles  ; 
I  the  potassium  salt,  KA,  needles  ;  the  svlphotiyl 
\  chloride  needles,  m.p.  126*6";  and  the  anilidt 

[•li  tii>^.  m.p.  IC.")"  (\^■e^^.er.  /.-■.).  For  other 
1  salts,  cJ.  biuulqxist,  Annalen,  iDi  J,  392,  7b. 
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NlTBOPHB^AWnaEENES. 

Of  the  five  nitrophonanthrenes  tho  l-iso- 
meride  has  not  yet  U;en  preimrcd  (J.  Schmidt 
an<1  Il.  inle.  Bcr.  1911,  44,  1490). 

Eariier  work  uu  the  nitration  of  phtnnnthronf 
with  a  large  excess  at  fuming  nitric  acid  led  to 
lilt  i;^.. lotion  of  tkree  compounds,  termed  o- 
im.p.  :r-15%  0-  (m.p.  126"'-127*),  and  y 
(m.p.  nO'-lTl")  iiiiiophoiianthn  lu  s  {0.  A. 
Solmudt,  Ben  1879,  12,  1163).  It  ha«  li.  ui 
shown  that  of  these  oompDondB  tho  a-  and  y- 
are  identical  respoctivrly  mth  4-  and  3-nitro- 
pl^eiiaalhrcnes,  but  that  the  ^-tonipound  is  a 
nitro  derivative  not  of  phenanthrene,  but  of 
fluorene,  which  accompanies  this  hy<lrocarbon 
in  coal-tar  (J.  Schmidt  and  Heinle,  I.e.). 

For  the  production  of  nitrophenantiiruK  .7. 
Schmidt  haa  employed  two  methods.  In  one, 
nitration  is  effected  by  nitric  »oid  (sp.gr.  1-46) 
in  presence  of  a  mixture  of  acetic  acid  and  acetic 
annjrdiide,  leading  to  the  formation  of  the  four 
iBOnierides.  A  summary  of  the  |n<operties  and 
yields  of  tlicf..-  siihstanco.-..  ii>  rrconl('<!  by  J. 
Soiunidt  and  Heinle,  is  given  in  the  table— 


Psohow  and  Schroiir,  Bcr.  1902,  35,  2i2S;,  or 
ammonio-eafaiinm  chloride,  or— for  the  acetyl 
compound — ammmiiuin  i  hlmidf.  -odiuin  acetate, 
and  ftcetio  acid  (Uiiiui  imd  Kunz,  Bcr.  10(11, 
34,  252.^.). 

(iii.)  ("onvereion  of  tho  «arbozylic  acid 
suoces3i\iiy  into  tin-  hytlrawde,  aside,  and 
urethane.  which  is  tia-n  hralc!  witli  aimm.nia 
(Pschorr  and  Schriiter,  i.c. ;  Pschorr,  Einbeck, 
and  Spangenbi  rg,  Ber.  1907.  40,  2000). 

Tho  crygtalliiio  character  and  m.j).  of  rnch 
base  and  tho  m.p.  of  ita  acetyl  and  benzoyl 
derivatiTea  axe  given  in  the  toble— 


3-a- 


ieatietii,  14;> 
loallet«.  87-5' 
needles,  105° 
needlee,  138° 
orystale,  104* 


I  Acetyl 
I 

V 

226''-226'' 
I  200'-201''i3 

190" 
(  2O7»-a06*a 


Benzoyl 


213''-214''<J 
224° 


Yield  CryatallL^atlon 
(appras.)|  Irum  alcohol 


2> 
4- 


20  pA 
•2  Ike. 
20  9.0. 
SOpje. 


ILp. 


pale  yellow 

rosettes 
deep  yellow 
-  neiMlles 
reddish  yellow 

needle 
orange  yelluw 


9V 


In  the  second  method  use  is  mado  of  one  of 
lilt  twu  additive  compounds  which  phenanthrene, 
dLstfolvcd  in  benzene,  forms  with  the  nitrous  gas 
obtained  by  the  interaction  of  nitric  acid  and 
arsenious  oxide.  This  Sttbstanoe,  nitrodihydro- 
phenanthrene  oxide  (m.p.  I.";"-!"."  1.  is  con- 
verted by  sodium  metUoxidu  mtu  9-uitto- 
pbenanthnne  (J.  Schmidt,  Ber.  1910, 33,  3267) : 
CJWOa  O  CHC,H4  C,H4^H  

(Jorresponding  with  this  O-nitro  derivative,  ii- 
nilro-9  i  lO^^i/drophenatUhrene^  a  yellow  crys- 
talline ronii»)tind,  decornpfising  at  100^,  is 
obtainiu  ou  mixing  phenanthrene  in  dry  i>owcU-r 
witli  the  liquefied  nitroos  gaa  (J.  Schmidt, 
D.  R.-P.  129990  of  1901). 

AMmornENANTHRICNES, 

Four  aminophcnanthreiu^s  (phenanthryl- 
araine^)  are  known  corresj»onding  in  orientation 
with  the  nitrophenanthroiirK.  Tliree  methods 
have  been  need  for  their  preparation  : — 

(i.)  Redttotton  of  the  nitro  compound  by 
,iIf<jlujliL-  tinimonium  sulphid*'  f(!.  A.  S'  hinidt, 
Bcr.  1«79,  12,  1156),  or  stannous  chiouilc  *.nd 
hydiochlorie  acid  (J.  Schmidt  and  Htrobtl, 
{bid.  1901,  34.  1464).  or  rinc  dust  and  alcoholic 
ammonia  (J.  Schmi<it  and  Heinle,  ibid.  11)11,  44, 
1498). 

(ii.)  Heating  the  hydroxy  compound  at 
temperatures  above  200°  with  ammonia  f.Fnpp 
and  Findlay,  Chem.  Soc  Trans.  1807,  71,  1123 ; 

I  s-KltnqihsoBDtbrsne  is  <rt>tatoed  In  better  yield 
by  nitrallnff  pbsnaatlmiM  vtth  nitric  add  of  i»p.gr. 
t-M  St  OMJ.  Botamhlt  u»d  Heinle,  U.}. 


Aii  hihowTi  in  tho  table,  S-aminophenanthrcne 
(Werner  and  Kunz,  I.e. ;  Werner,  Annalen, 
1902,  321,  312  ;  cf.  J.  Srhmidt  and  San.  r,  Bt  r. 
1911,  44,  3247)  and  0-amiuopheuanthiene  (J. 
Schmidt  and  Meinte,  f.e.)  exist  in  two  iorms— 
one  stable,  the  t>thi  r  Inhilo  aT;il  cotn  crl  il'lc  into 
it  by  being  heuuii  or  kejii  lor  bomc  lime  ur 
acetyhted.  Both  forms  of  each  compound  give 
thf-  f^nme  acetyl  or  benzoyl  derivative,  from 
which  by  hydrolysis  the  stable  form  of  the  base 
(indicated  by  the  Greek  letter)  is  obtained.  The 
nature  of  theisomeriam  has  not  been  esUblished, 
but  it  has  been  attributed  to  rearrangement  of 
tilt  linkinii>  in  the  phenanthrene  molecule  in 
view  of  the  fact  that  the  two  forms  of  the  9- 
iaomeride  have  the  same  molecular  weight 
(J.  S>  Iiinidt  ami  Heinle,  I.e.). 

JJiaztitisation  of  ^-3-aiuuioplicn,ini  hicnr  (J. 
Schmidt,  Ber.  1901,  34,  3534;  cf.  W.  nui  and 
Kunz,  I.e.),  and  of  9-amjnophenanthrene » 
(.J.  Schmidt  aiul  .Strobcl,  Ber.  1903,  36,  2517) 
has  been  effeete<l—  in  the  latter  ease  with  the 
accompanying  production  oi  azoxy  and  azo 
coropouncta.  But  difficulty  has  been  exiwrienced 
in  diMzotisiiig  2-aniiiiophcnanthrene  (Werner 
and  Kunz,  Lc), although  2-amino-  (like  8-aroino-) 
phenanthreDe-9*carboxylic  acid  forms  a  di  i/u 
cnni;<<und  apparently  with  ease  (Pschoir,  Ber. 
190H,  39,  3121). 

Tbb  ozime  and  dioxinu:  of  phenanthra- 
quinone,  on  redaction  with  stamious  chloride, 
yield  9  : 10-amiiu^^roxyphenanthreifc  (Vahlen's 
SnorphiLr.ninr.'  D.  P.  .\nm.  V.  .3S-K)  of 
19U2 ;  Bcr.  1902,  36,  3044)  and  9  : 10  dnimiuo' 
p/u  tfaidhrene  respectively  (Pschorr  and  Schroter, 
jAi /.  :5733).  The  former,  when  he.itcd  with 
water  or  diilute  acid,  is  converted  into  9-«»4'«o- 
pb€na?UhT«He  (Schmidt.  D.  R.<P.  141422  of  1902). 

Htdboxyfhxkakthbiiibb. 

Th<'  liy<ln)xy  derivatives  of  jjlicnuntliiciie 
(phenanthrols)have  been  ujvc.-iiigalcd  lar>;tly 
as  a  consequence  of  the  relationship  which 
ha-  li<-«-n  f-tii Ldishi  d  bclwt-.  n  tlicni,  ;iii<t  eer- 
taiu  of  the  opium  and  Cor'i'iiil:-<  ;ilk.il<  !d«. 
In  many  casCM  the  constitution  of  th*-  li\din\  \ . 

'  The  presence  of  two  forms  of  the  '.i  i>.  in.  rule  in 
the  retltirtioo  pnxluct  of  «  iiitro|>t>i  tiaii?i.r.  i  ^  la  t 
reCAgniscd  until  later  (J.  Selnuidt  moi  H'  itii> .  /.r.), 
and  there  Is  no  tnfonuatiun  to  wii.  -iu  r  butli 

forms,  or  only  the  «'d«rivative  can  bo  tUa£«>iiticd. 
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PJiENA^NTHRENK. 


phcnanthrenes  has  been  determined  by  Phohoir's  the  hydroxy  derivatives  have  been  obtained  by 
synthetical  method,  t^ch  has  thown  itself  to  fusion  with  caustic  alkali  (r/.  Wemer,  Annalen. 
b»>  ■>(  thf  first  irnixirtance  in  th.-  .-tiid}  >>[  the  '  11)02,  :]21.  270).    Tlic  cuastihitiuu,  (  r\.-t;illiiii- 

chaxavlcr,  and  incitiiig-^iut  of  tho  hydroxy - 
phenanthrenee  and  of  their  elJien  we  given  in 
the  table : — 


(li'^rudalion  ])ru(luot.s  <if  thvuc  aikaloiila.  lu 
iHluTH,  the  couHtitutiun  assigned  depends  on 
that  of  the  aalpbonto  acids,  from  which  some  of 


OH  In 


•  (10) 

2:8 
8:4 


9: 10 


8:4:6 


3:4:6 


8:4:8 


Has  not  been  isolated. 

Methyl  ether,  needles,  m.p.  lOS'-lM" :  givesfrteraff,  needles, 
nL.p.  16S*. 

Vorau  aeake,  m.p.  itm* ;  eomles  utth  dliwttwil  bases; 
gIveseaiMf,  needles,  m  ji.  and  isM«ri»,leallets. 

BtktlMtr,  leafletib  in.p.  Ur. 

Forms  needles,  m.p.  122'-128' ;  couples  with  diazotised 
bascH  ;  gives  pierate,  m.p.  159",  acetate,  pliitcH,  m.p. 
1  IT)  -110",  oud  bntxoale,  needles,  m.p.  119'^. 

M>'i/.t/i  rUirr,  plates,  m.p.  63" ;  gtvespjcrole,  red  needles,  m4>. 

Ethyl  ether,  m.p.  46°. 

Cryst-iUine,  m.p.  lOO^-lUO" ;  gives  acflate,  leaflt-tH,  m.p. 
^wj'MaB*  "'''V*      '        picrale,  red  needles,  m.p. 

Fomi8  large  neeiilea,  m.p.  152'-1.'>3' ;  couples  with  diazi 
bases ;    gives  pierate,  red  needles,  m.p.  183", 
mi'dk'H,  m.p.  77  ,  and  benzoate,  needM.  m.p.  M°-07** 

MeUtyi  ether,  needles,  m.p.  OC-^T". 


Has  not  been  Isolated. 

Dimahyl  ether,  lcaUet«,  m.p.  131" 


gives  pierate,  needles, 


Morpholf  forms  loiu  needles,  m.p.  148*;  glTSS  if* 

aedste,  needles,  m.p.  laO**. 
Z'Methyl  ether,  needles,  m9-  06* :  slves  ptonli^  fed  needlee, 

m.p.  lOO",  and  asiisfc,  needks,  m.p.  131*. 
A-Mttkyl  dhtr,  oO ;  gfres  aettate.  needies.  m.p.  98''-Q4*. 
DfaMdM  «(lk«r,  lesSets^  mji.  44° ;  gives  led  pienUe,  m.p. 

10»*-108*,  and^mi£le;nj>.  128*. 


Fomu  needles,  m.p.  146' ;  glvea  .ii^—, 
168°-!  70  ;  diacHalet  iat  prisms,  m.p.  S02*,  i 
m.p.  2S0°-2S1°. 


F(irni8  scales,  m.p.  148". 

Trimethyl  ethi-r,  m.p.  90*;  ghr«s  jfiersls,  }KOWn 

needle.s,  m.p.  167  . 


m.p. 


or 


8:4:9 
(or  10) 


1:3:6: 6 


Has  not  been  i.^olated. 

2-Methul  itJtir.  oil;  gives  dinceUite,  m.p.  l()ii'-163  . 

^  :  d-DimetJiyl  rtlier  (t  h  e  l>  a  o  I),  m.p.  lU  ;  gives  aeetate, 

m.p.  lis  -li:u  . 
Trimethyl  ether,  oil ;  gives  pierate,  m.p.  100'=-110». 


Ha."*  not  been  Isolated. 

8-.Metl»y!  ether:  diarelntt-,  m.p.  l.'i.'i  -l.'.ft". 

3  :  i-I>ivifthyl  eUier,  prli«mH,  m.p.  1S:J  -is:i  . 

4  .H-DimethyUther  ia-*-ihe  h  a  o  1).  lealleis,  m.p.  164»-165°; 
gives  aeetBU,  prisms,  m.p.  Od"-})?". 

Trimethyl  «tA«r,  leaflets,  m.p.  138'' :  gives  pierate,  red 
needles,  m.p.l20*,aod  dOmmide,  needles,  m.p.  13U''-140'. 

3 : 4-D*meiAv{-6-4<M  sAwr,  leaUeUt,  m.p.  100" ;  gives  pierate, 
red  needls%  m.p.  119". 


Has  not  been  Isolated. 

{•Methyl  ether;  HaeeMe,  needles. m.p.  2Q2"-804*. 


8:5:  ^TfimMivl  ether,  no  description  ^ 
FstmHWllkyi  ether,  needles,  m.p.  108*-100*  glTesj»(ervlr,red 

needles,  m.p.  147°-148°. 


Pichorr,  Wolfes  and 
1»00,  as,  162). 


Bnokow  (Ber. 


(Ber.  1901,  34, 
8624) ;  Psehorr  and  Klein  (iMil.. 
4006):  Werner  and  Kekner 
(Amuden  1908,  321,  805) :  Hen- 
stoidc(Ghsm.Boe.Tians.l906k89, 
1528). 

Psehorr,  Wolfes  and  Buclcow  (/.c.) ; 
Psehorr  and  Sumulcanu  (B«r. 
1900,  33,  1821) :  W  erner  and 
Kunz  (<.«.):  Schmidt  (Ber.  1001, 
84. 35W> ;  PsolMrr  (AM.  4006). 


r&churr  and  Jnedwl  (£er.  1900,  38, 
1820);  Ludeirig  (imialen,  1911, 
379,  sei). 


Jaiip  and  Flndlay  (Cheni.  S'jc. 
Traus..  1897,  71.  111.')) ;  Werner 
and  Frey  (Annalen,  I'.in-.  xii, 
298) ;  Fscborr  and  bchruter 
(Ber.  1902,  86,  2726). 

Psehorr  and  BwlRNr  (B«r.  1900^  89, 

1829). 


nscber  and  Vongerkiliten  (Ber. 
1886,  19,  793);  KnoR  {ibid. 
im^,  1U7  LM94  87, 1148>: 
Pseboir  and  Sonnueann  (<Mi. 
1900,  88,  1819.  1828):  Voose- 
riehten  (Md.  852,  1825) ;  Knorr 
(OM.  1904.  87,  8497);  Knorr 
andPseboR  (AM.  1905. 88. 3178); 
Psehorr  and  Dlclih&aser  (Annalen, 
1910.  878.  81). 

Graebe  (Annalen.  1873,  167,  146)  ; 
Japp  an<  I  K I  i  ngemann  ( Chem.  Soc 
Trans.  IHit:!,  03,  771);  Psehorr 
(Ber.    iy("2.    3.".,    2736,    3124),  : 
Knesch  (1>.  ll.-P.  i:>19vSl  of  1903. 

Vongerichteu  (Ber.  1906, 30, 1720) ; 
Psehorr    and   Koch  (AmudSO, 

1912,  391,  54). 

Freunil  (Her.  1897.  30,  1889): 
IVchorr,  Seyilel  and  Stohrer  {Ujid. 
1902,  35,  ■14(X5)  ;  Vongcrirhten 
{ibid.  4411);  Knorr  (ibui.  l'.tL>4. 
37.  3499)  ;  Psehorr  and  BeUberg 
(Auialen,  1010, 878, 66). 

Psehorr  (Ber.  looo.  33, 183);  Pfichorr 
Klntxpek  and  Spangenberg  (Her. 
i;>n7,  40.  2(XM)) ;  Psehorr  and 
J!u-i  li  ubid.  2001);  Ivnorr  and 
U(K  ii,  in  {ibid.  2089);  Psehorr 
and  Lueweu  (Annalen,  1910. 873, 
78);  Psebmr  and  Zeldler  (Md.76). 


Knorr  and  Schneider  (Ber.  190^  89. 
142Q):  Psehorr.  Kabti  and  Both 

{ibid.  3187). 

Psehorr  and  Bettbeif(U.):  Pecborr ' 
and  Knoeflier  (AnraNB,  1911, 888. 

50. 


AwHM»g  these  hydroxyi>henanthrene8  there  I  in  the  table  needs  to  be  supplemented  to 
are  several,  about  which  the  information  given  1  clear  their  properties  ami  relationahipa. 
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9-  (or  10.)  Hydroxyphenanthrene,  also  known 
as  phenfta  throne,  afiorils  »u  exanipli'  of  koto- 
enolio  iiwinerfem  In  the  phcnanthiene  Korit«. 
It  (  ill  1.C  ..htainc<l  fmni  phrnanthraqumonc  by 
partial  reduction  with  liyUritHiic  acid  (Japp  and 
EungemMm,  Choin.  hk.c.  TmuH.  1803,  03.  770). 
or  from  <lichlorophcnanthrone  by  rotluotionwiyi 
iron  and  acetic  acid  (Lachowcx,  J.  tot.  Cbem. 
ISttt,  [il]  28,  168),  and  is  therefore  a  l^ne 
C,H.<X)      C.H.-CH,  C,H4<!CI, 
I        1    -»  I        I      <-  I  I 
C,H«<X>      C.H,<'0  c.H,<;o 
But  it?  formation  fn>m  phcnanthrene-9-«ulpbonic 
acid  by  insion  with  caustic  alkali,  it«  BohloUit\ 
in  alkali,  and  its  conversion  into  an  orf^o-ozo 
compound    {phtnanthraquinvneki/dnuone.  m.p. 


ccncts  and  doe*  not  oouplc  with  (tiazotised  bases. 
On  reduction  it  ^^eId»  morphol  ( Vonm'richten, 
IJer.  1899.  32,  1522). 

Ite  nutkyl  ether  forma  neeciles,  ni.o.  05^  (cf. 
Knorr,  Bar.  1889,  22.  184;  Vongeriohteii,  tbtd, 
1898,  31,  M;  im\  3!?.  3r)8  ;  St  hryvcr  and 
Lees.  Chew.  Soc.  Truas.  1901,  79,  678j ;  aceiaU, 
needles.  m.p.  140^ ;  and  benaoaU^  needlfli»  m.p. 
123°  (Von^terichtrn.  l.r.). 

3:4:  6-Trih vdrgxy  phenanthrene.  The 
^-methyl  e<A«ria  obtained  from  ciMkinone  (Knorr, 
Ber.  1903,  30,  3074).  and  from  liodtlnono 
methi<idide  (Knorr.  ibid.  1904,  .^7.  3501).  The 
3  :  (y-dimcthi/l  dlurov  thebaol  rcsulti*  from  boiling 
thebalne  with  acotio  anhydride  (ireund,  Bcr. 
1897.  30,  1386),  and  the  trimethyl  eiher  when 
the  silver  salt  of  the  S-carboxylic  acid,  (jbtaint  d 


165»)bycoupWwithdiaM««d«mIi^^^  mrrphJth^balne.  is  docoropo^e<i  by  heat 

and  I-Vey,  Annalen.  1902,  321.  298).  dlOW  it  to  |  ^^^^j^^^  ^^.j  H.ttberg,  Annalen,  1910,  373.  65). 

i  3:  4:8-Trihydroxyphen»nthrene.  The 
,  H-methyl  ether  is  formed  from  i>r-<w.oodetoe 


and  ,   

be  phenolic  under  other  conditions 
nyirorffph^nnnthrrncn  Jrmri  opium  alkaloida. 
The  degradatiun  ol  opium  alkaloids  into 
nitrogen  compounds  containing  relativ(l.\  few 
carbon  atoms  and  into  derivatives  of  hj'droxy- 
pheuiinlhrcne  free  from  nitrogen,  hM  been 
aooomplished  by  Hofmann's  method  of  exhaus- 
tive methylation  (Ber.  1881,  14.  494,  663).  the 
products  being  decomposed  by  hyflrogen 
chlori.!.-  (Knorr,  ihid.  1S94.  27,  1147).  acHic 
anhydride  (Fischer  and  Vongerichten,  tlnd.  188U, 
19.  792),  heat  (Sohretter  and  Vongerichten, 
ibid  1  ^<«2,  15,  148f5),  or  hot  caustic  soda  aoUltkm 
(Freuud,  ihd.  1897,  30,  1379).  A  list  of  deoom- 
position  products  of  this  type  is  given  b>  Kr.orr 
and  Pschorr,  Ikjr.  190ft,  38.  8174.  The  follow- 
ing  summary  indicateB  the  soniooa  of  the  more 
important  nitrogen  fn  degradation  pfodttcta  of 
opium  and  Corydalii  alkaloids. 

3 : 4-Dlliydroxyphenanthrene  or  morphol  is 

formi'd  \vli<  n  act  tylmorphiiu  inethiodidc  and 
\t&  ^-methyl  tthtr  when  acetyli  odrine  methiodide 
are  heated  with  acetic  anhvdridr  (I'lsdur  and 
Vongrrif  ht*  !..  B.  r.  1886,  19,  792;  Knorr,  ibid. 
1889,  22,  IMI.  1113;  Vongerichten,  «Bi«.  1898, 
29,  66:  1897,  30,  2439),  or  ni..ri.h<nol  mrthyl 
ether  is  reduced  by  sodium  and  alcohol  (Vonge- 
richten and  Dittmer,  1908,  39, 1719).  By 
tla-  d<Miradati.>n  of  fl;»omorphinf  the  dniKthyi 
ether  of  morphrA'^-carboxyltc  urtd  lia.-*  betii  ob- 
tained, convertible  into  morphol  dimethyl  ether 
(Pschorr.  .Ta.  tk.1  and  Fcf  lit,  Ber.  1902,  35, 
4392  ;  iVt  hurr.  Kinlm  k  and  Spangenbei^,  ibid. 
1907, 40,  1998).  ,         ,  , 

Morphenol  (3-hydroxy  -  4 : 6.phenanthryiene 
oxide)  is  the  internal  anhydride  of 
3:4:  h  trihydroxyphenanthrmr.  \uUt 
which  it  iscDOverteil  by  fu.sion  with 
cauaiio  alkali  (Voniferieht<-n  and 
Dittmer,  Ber.  1906.  39,  1718) 

is  obtaine<l   from    ^-methylmorphinn  tbint 


It   .  . 

methiodide  (Vongerichten,  Ber.  1898,  31,  54; 
1901 .  84,  2722),  or  from  morphine  without  the 

jsolntion  of  the  morphimrlhitu'  (\'onir''richtcn, 
ibid.  1900,  33,  358) ;  or  Ironi  murpht^nol  ujcUiyl 
ether  by  dcmethvlation  with  hvdriudie  acid 
(Vc.ncf-richtcn,  ibid.  1898,  31,  32ii2).  It  forms 
needles,  m.p.  1 45°,  gives  nocolouration  in  alcoholic 
aolntkm  with  ferric  chloride,  <lis.sol\  r>  in  ( Jiu^ti( 
soda,  giving  a  yellow  solution  with  blue  liuurcs- 


metUodide  (Knorr  aji<i  Hocrlein,  Bcr.  1907,  40, 
2039.  3350);  and  the  trimetl^l  ether  from  the 
5-oarboxyiio  add  obtained  from  thebenine 
(PlBchorr  and  Loewen.  Annalen,  1910,  373.  71). 

3:4;  9-  (or  10-)Tr ihydroxy phonan- 
threne.  The  diacetaU  of  the  3'methyl  ether 
is  foime<l  when  hvdroxymothylmorphimetWno 
(Knorr  and  .Schneider,  Ber.  1906,  39,  1420)  or 
ilicliloronieihylmorphimethine  (P-schorr,  ma. 
3137)  is  heated  with  acotio  anhydride. 

V  inylhydroxyphmanth  vv-'x. 
As  primacy  products  of  the  Uof  mutm  degra- 
dation of  eertain  opium  and  CcrfdaiU  aJfca> 
loid.s,  the  folio  win;;  vinylmethoxyphcnnnthrenea 
have  been  obtained,  which  on  oxidation  yield 
the  corresponding  neChoiyplienaiiihieiMoar- 
boxylio  adds. 

5-  Vinyl-Z  :  4 :  B-trimethoxyphetMaOhrme^  from 
thebenine,  forms  tablets,  m.p.  122-5'' ;  ]>icraic, 
red  tablets,  m.p.  110"  (Fachorr  and  Massaciu, 
Ber.  1904.  37,  2789).  Hke  %-elhmy  derivative 
forniH  plates,  m.p.  78*  (Flidiocr  Mid  Loeivwi* 
Annalen,  1910,  373,  72> 

B  Vinyl-^  .  A  dmidkoixfn>f>^^^  from 
,  apomorphino,  forms    rhombic    prisms.  m.p. 
I  80* ;  p%cratet  violet  needles.  m.p.  128*  (Psohorr, 
Jaeckel  and  Ft-<  ht,  Ber.  1908»  86^  4391  j  ^. 
Pschorr.  ibid.  1906, 39, 3124). 

8-  Vinyl  %  1 4 :  (^.trmeOuxcyphenamOnne,^  from 
morphothebalne.  forma  prisn  p,  Tn.p.  CC-fil*; 
picrate,  reddish- violet  needles,  m.p.  125^-126 
(KnorrandFtoohotr.Ber.  1905.38,3157 ;  Paohorr 
and  RettberR,  Annalen,  1910,  373,  65). 

8-  K(»yi-3  :  A-dimtlhoxy-b  :  &-mdhylenedioxy- 
phenaiUhnne,  from  bnlbocapoine,  forms  yellow 
needles,  m.p.  101*  (GadaOMr  and  KmktM,  Aroh. 
Pharm.  1911.  249.  630). 

Phsmamtukskecakboxylic  Acids. 
PheBanthreneearbo:nrlio  aoids  have  been  pre- 
'  pared  by  liyrir  dysis  of  the  nitrila^  obtained  from 
I  tlio  three  phenauthrenesulphonic  acid^  on  dis- 
I  tiUation  with  potassium  cyanide  or  feri-ocyanide 

(S'chult/.  and  Japp,  Ber.  1877,  10,  1661 ;  Japp, 
I  Chem.  iiuc  Tram.  1880,  37,  83 ;  Werner  and 
■  Kunz,  Annalen.  1902,  :J22,  323).  Synthi-iic-ally 

Psohorr  has  obtained  the  9-oarboxylio  acid  (Ber. 
I  1896,  29,  496),  and  the  8 : 9-dloacborvlio  add, 

the  latter  of  whit'h  readilv  forms  a  wefl-crystnl- 
,  ILmxI  anhydride  (m.p.  2^'^-284°),  and  exhibits 
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the  behaviour  of  a  naphthalene  peri-  derivative 
{ibid.  1906,  39, 3107). 

Phfiij  lit  111  .■  lie-  .  2  •  caibox^N  lit-  aci<l, 

needlob,  m.p.  2i>4'' ;  lutrik,  granulea,  m.p.  105"  • 

phenmUknqmnoiii^i'eaiboaBaUe  aeid  on 
oxidation. 

Phen8iithreoe<3*oarboxy]io  aciil  ([a-J 
acid),  scales,  m.p.  209",  forms  the  barium  salt,  i 
UaA^7H-0,  apariugly  sohihle  needles ;  todium 
MIL  N»A,4H,0,  eaailv  aohible  scalee  ;  amicU, 

m.p.  227^-228* ;  nitrilc,  hcihOcs,  m.p.  I 

Phenanthrpne-9-(10-)carboxylic  acid 
([ft-]  acid),  needles,  m.p.  25U''-252'',  gives  the 
banum  salt  BaA„6H,0.  sparingly  soluble 
tahleta;  mkUwnaalt,  NaA,5H,0,  easUy  soluble 
iiiomno  tablets ;  amide,  needles,  m.p.  226°  j 
nitrile,  needles,  m.p.  108";  and  TiddB  fiiheiMm- 
tnro^none  on  ozidatioii. 


IHANTHRENE(  Ai;UuXYLIf    A<  IDS. 

Hydioxyphenanthronecurboxylio  acids  have 
been  obtained  (a)  from  hydroxyphenanthrenes 
by  the  Kolbe  method  witb  oarbon  diu.vide; 
(fr)noin  rifcaloMi  byozidatioBdFvmylhydroxy- 
phennnthrenes ;  (c)  synthetically  by  Pschorr's 
method  from  substituted  cinnamic'  acids.  As 
WjW  be  aeen  from  the  folio  wine  summaiy,  in 
tmr  oaaes  only  have  salts  been  anidyied,  or 
deMribed. 

tf^ii'  "y'^.':?»ypfc«MWthF6iieearboxyllc melds, 

2:S(?).  "  ■ 


(Rscliorr  ami  Quudc.  Her.  11K>6,  30,  3123). 
3  :2  (?)  \cl]iAv  prisms,  m.p.  3n:r  (decomp.) : 
needles,  n).p.  :i07'-L'0b'  •   nirOtul  estsc, 
lu.p.  171"  (Werner  and  Kiuu,  Ix.). 

rnir'-  ^,<^^^oxyplMiuuithr«nMapbOKylio  addt, 

ivaio  .  n  H J. 

**®,.^L?^i^*  ,"'  P-  284"  (PtahofT  and  Jaeekd.  Bar. 

IWX),  33.  1)S27). 

1 :10  Yellow  leartets.  m.p.  215^  (Fsdiocr,  Wolfas  and 

Bnckow,  Her.  lyiM),  33,  igu). 
3:  10  Needles,  in.|i.  2;«'J'  (ibid.  174). 

/i"\%?'"°''y'"®^*'°''ypbenanthpenecapboxylio 
acids.  {OH  :  OMc  :  CO2H 1. 

3:4:9  Neodles,  m.p.  214'-216'  (Pschorr  and  Sumo- 

leanii.  lier.  19(m»,  33,  18li2). 
4:3:9  Needles  rii.p.  uei"  ;  acetaU,  m.p.244"(Pseborr 

and  Vogtherr,  Her.  1902,  86,  4414)' 

2:3:9  XeedleH,*in.p.270»  (Pschorr  and  Baekov.  Ber. 

l'.»tJO,  33,  1830). 
3:4:8  Yelldw  tieedlei?,  m.p.  IOC  ;  eiJiul  ester,  prisms, 
m.p.  SI  ~s:y  ;  fiydrazidf,  iieedJes,  m.p.  194M95' 
horr,  Jacckel  aod  fedtt,  Ber.  IWysL  36,  4892 : 
rschorr,  Biobeok  and  Spaogenbeii,  ibUL  1907, 

40,  IIM'K), 

3:4:9  Needles,  m.p.  227''-228''  (Pschorr  and  Soma* 

leanii,  Ber.  1900,  33,  1819). 

..1/^^  .  ">'?':?,xyd'niethoxyphonanth>«nacapbox- 

yllc  acids.  (OH  :  osie  :  OMe  :  CO.Hl. 

3:4:8:9  .Six-.sided  plate.-*,  m.p. -/si* ;  a«to«e, prisms, 

m.p.  2:20  -i:_'7"  (iVehorr,  Her.  l!if»r»,  33.  1M(I). 
4:3:6:9   I.eallcts,   m.p.  2.'il -'j.iii  ;  acttate,  mp 

201-203    (I'schorr,    S<'y<lel   and  StOhier.  Ber. 

11102.  30.  440',i). 
8:3:4:9    Xe«dle.-» ;   lacttmt,  noedles,   m.p.  160° 

(I'schorr  and  Popovlcl,  Bar.  1006,  80,  8120).  I 
( vi  Trimethoxyphenanthpen 
[OMe  :(»Me:OMe:C0,H]. 


3:4:6:8  Needles,  ni.n.  201=  ;  methvl  ester. 

m.p.  101-102^  ;  ethyl  ei^ter,  leaflets,  m.p.  8S<^' 
(Jvnorr  and  Pschorr,  Jler.  1905,  38,  3158;  Pschorr 
and  Reltberg,  Annalen,  1910,.  373.  51). 
3:4:6:9  Yellow  neodle.\  m.p.  203'^  (Psoliurr,  Seydel 

and  Stohrer,  Her.  1902,  :{.'.,  4  4(m;). 
3:4:7:9  Needier,  m.p.  211    (INotiorr,  /.eidler  an.l 

l>ickliaii>er,  I.e.). 
3:4:8:5  Needles,  m.p.  224 -220'  (Pschorr  and 
Ma-x-saciu,  It.  r.  1<J()4.  37,  27yo ;  Pgchurr  and 
I.ocweii.  Aiiualeh,  1910,  373,  70).  The  H  eUioxy 
aoul  i(,r!H!<  needles,  m.p.  lOK. 
3:4:8:9  U-atlets.  m.p.  230^  (Pschorr  and  Buach, 
Ber.  1907,  4u,  2(Mi;i).  The  f^-ethoiy  aeid  forms 
IcaHets,  m.p.  2r,:.'  (isdiorr  nnd  Zeidler.  Annalen. 
lUlO,  373,  Ts).  ' 

tvll)  3:  4-Dimethox.v  5  :  6  methylenedioxyphen- 
anthrene-8-carboxyllc  acid,  needles,  m.p.  228» 
(Uadamer  and  £uutze.  Arch.  Pharm.  1911,  249, 680). 

DonrDBorBsmraBBaira  I>BBtvATiva». 

^/\         Phenanthraquinone  is  a  typical 
I     I         member  of   the  series  ortho- 
qniiioiMB,  but  unlike  [i3-]nap]itiia- 

quinone,  to  wliii  h  it  shows  a  clo.He 
rt'soniblance  in  properties,  it  can  be 
!  tuined   from    the  corresjxjnding 
!  hydrocarbon  by  direct  oxidation.  It 

\,/  gives  the  characteristic  reactions  of 

an  or</io-dikctono,  m  may  be  seen  by  compariaoii 
with  benzilj  thua  it  reacts  with  hot  oaustio 
aUttU  sohition,  fuming  a  glyooUioaaid,  wUeh  by 
oxidation  is  oonv«rfeed  into  ft  katone  : 
C,H4-C0  C,H4v  C,H.s^ 
I  I  -»i  X!(OH)CO,H-»  >C0; 
C,H,CO     C.H,  C,H/ 

yields  azines  b^  oondenaation  with  ortho- 
diamines;  and  gives  a  mono-  and  a  di  oxirae 

ith  hydroxyhiniiue.  The  relati*  insliip  l>ut\veeu 
the  colour  and  constitution  of  the  dioxime  and 
its  derivatives  has  been  dtmnnaiind  by  Sehmidt 

and  Soli  (IJor.  IW7,  40.  2454  ;  cj.  Hiuilz.sch  and 
Glover,  ibid.  4^514  ;  fcichmidt  and  Merger,  ilnd. 
4560). 

Substitution  derivatives  of  phenanthraquin- 
one are  formed  either  by  oxicUsing  the  corre- 
jx>nding  phenanthrene  derivatives  (other  than 
9-,  I0-,  or  9 : 10-  compounds),  or  by  direct 
sabstitution.  In  the  latter  0M6  snbotltution 
usuiilly  occurs  in  the  equivalent  2-  and  7- 
positions,  thus  reciUIiug  the  formation  of  meto- 
derivatives  of  benzene  nnder  tiw  directing 
influence  of  the  carlK)nyl  radicle, 

PrejHiration. — Crude  phenanthrene  (100 
gruniH),  consisting  of  the  easUy  soluble  con- 
stituents of  the  coal-tar  fraction  boiling  at 
320*'-340°,  is  warmed  with  a  solution  of  potas- 
sium clii  hii-iujitc  i'MK)  grams)  in  sulphuric  acid 
(900  grama),  diluted  with  water  (1'6  Jitcee),  and, 
after  the  vigorous  reaction  has  snbdfded,  more 
(lichromato  (300  grams)  is  added  gradually,  the 
liquid  linally  being  boiled  for  some  time.  After 
prec  ipitation  by  watof  the  quinone  is  washed, 
dried,  stirn  l  into  concentrated  sulphuric  a<  id, 
and  after  24  hours  mixed  with  water.  Chromium 
salts,  diphenio  acid,  acridine,  &a,  pass  into 
solution,  the  last  traces  of  organic  acids  or 
hydrocarbons  being  removed  by  extracting  the 
residue  with  cold,  cUhite  caustic  soda  solution, 
and  afterwards  (when  dry)  with  ether.  The 
residue  is  freed  from  anthraiqQinotte  by  digestion 
with  warm  concentrated  .nodium  bisulpliite  solu- 


lecarboxyllc  acids, 

3:4:5:9  Prisfn^  m"p. 'b* -2»5»  (Pacborr,  Zeidler  in  which  the  phenanthraquinone  dissolves, 

and  Dir  khaii-er,  Auuulen,  1912,  &1, 47;  Picborr  I  ^'^^  liltrate  poured  into  a  solution  of 

aud  Kuch,  ibid.  53).  '  potassium  dichromate  in  dilute  sulphuric  acid  • 
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tbe  procipitate  is  then  washed,  dried,  and 
eryMtalliscfl  from  alcohol  or  coal-tar  hydro- 
oarbons  (Ansohiitz  and  Sohalts»  Annalen«  1879, 
196i,  88).  Or  it  may  be  made  by  ozidiBing 
purifi<<(l  phpnanthrene  vnih  chromium  trioxide 
iu  hot  acetic  acid  solution  and  purified  by  means 
of  the  sodium  bisulphite  oompound  (Qraebe, 
Annalen,  1873,  167.  140). 

EiectrolyticaUy  it  can  be  obtained  by  paflsing 
the  calculated  amount  of  a  current  of  1  to  2  amp. 
per  aq.  in.  through  a  suapenaion  of  phenanthrene 
in  20  |».o.  Bididivto  add,  oontaining  about  2  p.o. 
of  cenum  sulphate,  at  4O''-0O°  (Meistor,  Lucius 
and  Bruning:  D.  R.-P.  152003 ;  Eng.  Pat.  19178 
of  190S). 

Properties. — It  crystallises  in  tuita  of  lonc^ 
yellow  needles,  m.p.  205''  (Graebe,  l.c.),  boils 
aboy  360*  withont  deoomposition,  aublimee  in 
orsnc^red  priims,  bat  ia  odourleea  and  non- 
volatde  witn  ateam.  It  i«  only  very  slightly 
soluble  in  water,  but  dissolves  readilv  in  hot 
aloobol,  benzene,  or  aoetio  add.  \Vith  con- 
oeotnted  mlphnrio  aoid  in  the  odd  H  fj^rm  a 
preen  solution,  but  if  benzene  containing 
thiophen  be  present,  the  colour  is  bluish-gn  en. 
mnd  the  liquid,  when  poured  into  water  and 
shakpn  out  with  ether,  jrfves  to  the  ethereal 
solution  a  characteristic  reddish-violet  coloura- 
tion, the  limit  of  fwn!<itivenc«8  being  reac-hcd 
with  0*0005  gram  of  the  quinone  (Laubenheimer, 
Ber.  1875,  8.  224 ;  Meyer,  «5lil.  1883,  16,  1624, 
2972). 

BeactiottS. — (1)  Phenanthraquinone,  unlike 
MltlllM|vdn(nie,  dissolTes  in  warm  sodium 
faisillphite  solution,'  and  is  readily  reduced  to  the 
hydroquinone  by  warming  it  with  sulphurous 
acid  (Graebe,  I.C.),  or  sulpnuretted  hydr^en,  or 
phenylhydrazine  aoetato  (SOhmidt  aad  Kimpf, 
Ber.  1902,  35,  3124). 

(2)  When  boilwl  witli  fuming  hydriodic  acid 
it  ia  cednoed  to  9<AyiiroxypAenaiM(Arene(Ja] 
and  in*wpM»*w«,  Cbim.  bm.  Trans.  1838, 
770). 

(3)  With  hydroxylamine  it  forms  a  monoximc, 
gialdoa«yellow  needles,  m.p.  158**  (Meyer  and 
Aawer^  Ber.  1889,  22,  1989),  and  a  dioxime, 
yellow  prism.1,  m.p.  202*  (Meyer  and  Auwers, 
Lc  ;  Schmidt  and  S511.  1'-.  r.  1907,  40,  2465), 
Aiq^arantly  without  the  prodootion  o<  tbmmao- 
mecideo.  Tho  anhydride  «l  tho  dfandmo  fonna 
colourless  neodko*  m.p.  180^-187*  (fitSuaiSA  and 

(4)  With  phoDjdhydnsine  it  gives  a  hpdrax- 

onf,  dark  r6<l  scales,  m.p.  162**-163°  (Zincke, 
Ber.  1883,  16,  1564  ;  Werner  and  Frey,  Annalen, 
1902,  321,  304),  but  in  the  absence  ol  a  solvent 
the  product  is  phenonthroxazine  C,3i;0N 
(Bamberger  and  (Jrob,  Ber.  1901,  34,  535). 

(6)  VSTien  boik<l  with  caustic  potasli  •^olutii  ii 
it  ia  oonveited  into  dijAenyUneglj/coUic  acid  ^ 
(FriedlMndor,  Ber.  1877,  10;  186,  684;  ef. 

•  Tbebl«i)phit«coinp<)untl,Ci4ngOj,NaHSO,,2HtO 
(Oraebe.  /.<".),  on  reduction  in  miucous  solution  with 
alno  dust,  also  yloM>*  ii  :  lo-ilihydroxypbenanthrene 
(KncBch.  I>.  U.-r.  l.'.l'.'M  ..f  V,Hi:i). 

'  Arci  r  ling  to  Si  hini'lr  and  Haiter  (Her, 
38,  3737)  f  Ik-  pnnini  tion  of  lluoreno  derivatives! (rI>  collie 
adds)  by  nioam  of  10  p.c.  raustic  potash  s^ilution 
proc«!«id.s,  in  tli<'  cu-e  of  pii(>naittlira*iuinone,  only  with 
dlfflciilty  at  ^o\  i.iit  In  that  of  2-iiltro- or  4-nitro- 
phensnthraquinone  mure  easily  (at  50"  and  06* 
rMpeBtiTely>,  and  iu  that  of  2 :  7*diDitro-  or  4 :  fi« 
dlnltro-pheoanthraquloone  readily  at  the  ordinary 
tamperMore. 


SobiDidt  and  Bauer,  ibid.  1905, 38,  3757),  or  with 
oausldo  alkali  solution  and  permanganate  into 
diphenfdeneketone  (AnsohCitz  and  Japp,  ibid. 
1878,  11,  211),  bat  when  boUed  with  metiiyl 

alcoholic  potash  it  gives  diphenic  acid  (Meyer 
and  Spengler,  ibid.  1905,  38,  443),  or  with 
alcoholic  potash  diphenic  acid  (AnaohfitB  and 
Schultz,  Annalen,  1879,  196,  49)  and  an  orange- 
coloured  lactone  Ci^H^O,,  m.p.  220°-221** 
(Meyer  and  Spengler,  I.e.). 

(6)  When  distilled  with  8oda>lime  it  yields 
diphentjl  (Oraaboi,  he.),  bat  witii  eatulio  lime  the 
products  are  diphem/hnekrfnvr^  ilumrnr  iilcoh/jl, 
and  a  small  quantity  of  fiuorene  (Auschiitz  and 
Sohultz, !.«.). 

(7)  With  phenols,  by  prolonged  boilinc  with 
acetic  acid  and  sodium  acetate,  it  yields  additive 
prodiiots  which  are  crystalline  and  either  colour- 
less or  yellow  (Deiohler,  D.  R.-P.  109344  of  1898). 

(8)  It  forma  condensation  prrxluota  with 
many  substances,  some  of  which  have  been 
introduced  as  dyeetofia,  but  probablv  have  no 
twihnical  impoTMnosu  For  sample,  ft  lam  betn 
condensed  with  arylhydrazinef<n]phonic  acids. 
(Akt.  f.  AnUinfab.  D.  R.-P.  40745 ;  Eng.  Pat. 
6688  of  1887) ;  with  mono-  alkyl-  (or  aryl-)or<Ao- 
phenylenediamines  (Bad.  AnUin-  u.  Soda-Fab. 
D.  R.-P.  90212 ;  Eng.  Pat.  16953  of  18U6),  or 
1  :  2-  or  2  :  3-diaminoanthraquinone  ( Baver  & 
Co.  D.  R.-P.  170562  of  1904 ;  e/.  SohoU  and 
Ka^,  Ber.  1904,  37,  4632)  forming  azines  ; 
with  dialkyl  -  p -  phenylenediarninethiosulphonic 
acids  forming  blue  thiazinea  (Fries,  D.  R.'P. 
126963  of  1901) ;  and  with  p-amino-m-hydrozy- 
dialkylanilines  forming  Une  MOSMMS  OhMBg 
D.  R.-P.  130743  of  1901). 

Bromo  derivatives  (e/.  Schmidt,  Bur.  1904, 
37,  3551).  When  bromine  is  added  to  phenan- 
thraquinone,  mixed  with  sufRcient  water  to 
form  a  paste  at  0",  a  diltromide  t^iHgOjBrj  is 
formed,  m.p.  98°  (Sctunidt  and  Jungliaus,  t&ML 
3666),  whioh,  wben  boiled  with  water,  reverts 
mainly  to  the  quinone.  The  minor  product  of 
the  debromiuation,  Z-brotnoplicnanthraquinona, 
needles,  m.p.  233°,  ia  better  pfopicod  by 
brominatiAg  the  quinone  under  pgcOOIttO  at 
100°  {ibid.  3358).  Bv  further  bromination 
at  ISO'-lOO"  2  :  l-dibromophf  txanthraquijuMtf 
needlee,  m.p.  323°,  is  obUined  (ibid.  3567). 

mtro  derivative.^  (rf.  Schmidt,  Ber.  1903,  36, 
3726).  Wlicn  ])h»  iiant  liraquinone  is  boiled  with 
concentrated  nitric  acid  for  2  minutes  it  is  con- 
verted into  a  mixture  of  2-nHnpheHa$iihra- 
'piiiionr.  trolden  yellow  .'<cali  s.  m.p.  257*'-258° 
(Anschiitz  and  Sohultz,  Bor.  1876,  9,  1404i 
Schmidt  ai.d  AuHin,  ibid.  1903,  36,  8731),  and 
A-nitrophenatUhraguinonc,  yellow  needles,  m.p. 
179°-180°  (Schmidt  and  Kampf.  ihid.  3734). 
The  '.\-i\itrnphenanthraquivovr,  »)ratit.'e  needles, 
m.p.  279''-280%  is  obtained  from  3-nitiophenan> 
threne  by  oxidation  (Schmidt  and  Kimpf,  Ber. 
1902.  35,  3119)  or  from  O-brnmojihrnJinthn  nc 
(Austin,  Chem.  Soc.  'i'rans.  1008,  33,  1762),  or 
from  9  :  lO-diaminophenanthrene  (Schmidt  and 
Still,  Ber.  190S.  11,  ■M\K\)  by  nitration. 

If  pheiiaiit liraquiiioiie  be  further  nitrated, 
the  froduels  are  2  :  l-dinitrophennnthraqvinottf, 
vcUow  ne.-dlcfl,  m.p.  300''-303°  (Graelie,  Annalen, 
1873,  167.  144 ;  Schmidt  and  Kimpf,  Bor.  1902, 
3.^).  3I:J:  1003.  36,  3738).  and  4  :  n-dinitro. 
pheitaiUliraquinone,  brownish-vellownccdlcs,  m.p. 
228''  (Schmidt  and  Kftmpf,  le.  3745). 
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Aflrfno  derivmiiTW.  2' A  minophermnthrcupi  in- 

onc^  vinli  t  nmlles,  m.p,  above  320"  (Wemer, 
Annalen,  ly02.  321,  338) ;  ^■amimyphrnanthra' 
quinonf,  dark  rod  netiilin.  m.p.  254°  (Wemer, 
/.r.  ;  S.  hiTii.lt  and  Soil,  Ber.  1908.  41.  3694); 
2  :  I  di'imiiiDphenanthraquinoM,  violet  needles, 
m.p.  fttxAc  SIO**  (Anschiitz  and  Meyer,  Ber. 
JSft6»  It^  1044);  and  4 :  H-diaminaphfnanUufu- 
quinonc.  indtstinet  cr>'8tAl«,  m.p.  235",  which, 
like  1  :  S-dia iniin innjihtliali  nc.  docs  not  form 
oondensatiua  products  (Schmidt  and  K&mpf, 
ibid.  1903,  36»  8760).  h»ve  been  daMribed. 

Hydroxy  derivatives.  The  amino-  and 
iliHiniiiD-phenanthraquinoneti  can  \m  diazotiHcd 
uithout  diffii-ulty,  formiBff  the  oorreaponding 
hffdrori/j)h>  )i(iiilhrnquinoMS[cf.  Wemer,  Annalen, 
1002.  :i-2-2,  las,  159;  Schmidt  and  Kampf.  I.e.  ; 
Sthmidt  and  Leipprand.  !{<  r.  I',«i5.  38.  .'{733). 
Owing  to  it«  relatioiuihip  to  murj^iiuc,  and  the 


by  hoilinc  phoiiatithi*qttincnie  with  aqiuotu 
or  alcoholio  potaHh  (ArtKchiitz  and  Scbultz, 
Annalon,  1879,  196,  49;  Meyer  and  Speuulcr, 
Ber.  1905.  38.  443). 

Properties.— 1\  ci  n >iallir<e«»  in  ucaIi"^  or  mono- 
clinic  prisms,  m.\).  2'2b'  229''  (Schulu,  .Viinalen, 
I  1880,  203.  97).  sublimen  in  nee<lle«,  i«  moderately 
I  soluble  in  hot  water,  and  ditviolvcs  reMUly  in 
I  alcohol  or  ether.   Dehydrating  a^ento  convert 
i(  into  the  anhydri<l(  .    Iml,  win  n  heated  with 
;  caufltic  limo,  it  form:*  d» phenyUnekeUmt  {<ff. 
;  SchmitK.  I.e. :  Kerp,  Ber.  1896,  29,  228).  or 
witl)  I  lk*  (I  lime  or  8oda>liine,d^>ileiiyl  ( AnaohukB 
and  8<  hull/..  I.e.). 

DerivatiiVH. — The  barium^  BaA,4H,0,  col- 
cium,  (.'«A,24HjO,  an<l  magnf/tium.  MgA,4H20, 
salts  arc  crystalline  (Fittif?  and  Ot<termayer,  I.e.). 
The  dimethyl  ester,  conveniently  pn*paml  from 
inethyl  o>iodobenioate   and   copper  powder 


rwemManoe  of  BOme  of  its  properties  to  those  |  (Utlniann,  Aonalen,  1904,  322,  70),  fonnii  mono. 

of  aliz^ii '■I,  i!;'  iii'  i-'  ;'iirTCHti7i,L' of  these  is  : 

Morpholqulnone  C-i  ;  i-dihydroxyphmanthra- 
qninoiut).  This  quinone  hax  tH''en  obtaiiu-il  In 
diacelylmor)thol  hy  oxidation,  followed  hy 
df^cetylation  ( Von^fiiclitin,  ikiv.  Isyy.  32, 
1521).  and  from  3-hydroxyphcnanthrcne  by 
nitration,  reduction,  and  diazotiHation  (Schmidt 
and  Soil.  ibid.  1908.  41,  3(>99).  It  forma 
ye  lIowiKh- brown  needles;  gives  a  diaetUtti, 
yeUow  needles,  ni.p.  196" ;  and,  uuUku  it«  iao- 
metidee  and  its  monomeihyl  eth«>r,  but  lilw 
alizarin  (f.r  ).  f<>rni>  lakes  which  with  ainminium 
salt.s  are  bhu-.  and  with  cbntmium  saltti  deep 
violet  in  colour  ( V'onperichton,  JLc).  Chi 
oxidation  it  yields  phthauo  add. 

DlVJUUfYL  DntTATlVJUk 

DIplmile    mIA    {iijf^itnjfl'l :  S'^^tMrboeeytte 

acid). 

/\  FVom  the  formula  of  the  hydio- 

I  „    carlxjn  diphrnyl.  the  existent c  of 

X/"  •  15  diphcnyldiearl>oxyln;  unds  can 
T  be  predicted.  I>iit  the  acids  actually 

yAy^^  „  knrnni  nuiulier  only  about  nne- 
j      pAljB-    jIjIj-i^J  ^,l  thfsf,  and  of  fh("m  diphenie 

\/  acid  alone  requireH  <ie,(  jipt  ion  m 

this  article.  Di))heiiio  aoid  is  oloticly  related  to 
phenanthraquinone  ;  it  wan  first  obtained  from 
this  substance  by  oxidation  (FittiL:  and  Oster- 
roayer,  Annalon,  1873, 166, 367).  and  itA  ohiuride, 
on  reduction  with  dne  and  hydroohlorie  acid, 
forms  9  :  H>-t!ih vilrox\  phenanthrnquinone  or  ite 
oxidation  product — phenanthraquinone  (Graebe 
and  Attbin,  Annalen,  1888,  247. 2681. 

d^H.-coca"*  hjajso^  ^VH^-cOiH 

Prvpnration.  —  A  s«)lution  of  |)hcnanthraquin- 
one  (1  part)  iu  ttulphuric  acid  (0  parUi)  in  poured 
slowly  with  constant  Htirrinp  into  a  solution  of 

|>ota.«,sium  «lichromnte  ii  ynrl")  in  n-nter  flO 
partti).  whereby  the  qunioni'  is  jmutpitAled  ui  a 
fine  state  of  division.  The  heat  of  dilution  of 
the  sulphurii'  acid  is  suflicieiit  to  start  the 
t)xidation,  an<l  the  reaction  is  eomplcteil  by 
lioilinp  the  mixture  vigorously  durin^^  4  hours  in 
a  rettux  apiwiratuH;  the  acid  being  extracted  i 
from  the 


clinic  prisms,  m.]i.  71-5'^  (Seliuhz.  !.r.].  and  the 
diethyl  ester,  cubes,  m.p.  42  (Humiui  l.  Annalen, 
1878,  193.  129).  The  rJUoridr  is  er\stalbne. 
m.p.  9.3''-94°  (t'lrael,.-  an<l  Anlnn.  ir.)  :  the 
anhydride  form.-,  needi'  s.  u\.\k  217  (.Viischutz, 
Ber.  isTT.  Ki.  llsl;  (ira(  l>e  and  Men'chinf:. 
ibid.  1880.  13,  1302;  UraeU-  and  Aubjn.  I.e.); 
and  the  imidt,  nectUcs,  m.y.  219"-220"  (Graebe 
and  Attbin,  Le, ;  Wegerlioff*  Annalen,  1889,  202. 
16). 

4 : 4'-Ditiii]iiodfpheiiyl-2 :  S'-dleulwxjlie  adi 

'^{m-diaminodiph' iiir  nrid]  i-  (ditained  V>y  iN^ilin^ 
m-hyclrazoU-inzoic  acid  will)  cotufiiirate*!  hydro- 
chloric acid  (Griew.  Ber.  1^><4.  7.  1069);  or, 
I  mixed    with   the   4  :  2'-dit  «rl>oxy!ie    a<  ifl,  by 
!  reducing  m-nitrobenzuic  ucul  with  ziiic  dust  and 
caustic  soda,  afterwards  extracting  the  jiroduct 
with  hydroohiorio  aoid  (Meister,  Luoiuii  and 
BrOninir.  D.  R.-P.  89841  of  1892) :  or  by  reducing 
I  4 :  4'-dinitro<lip]ienic  acifl  (ptoilueilile  fn>in2  :  7- 
!  diuitropheoanthra quinone  by  oxidation)  with 
tin  and  hydrochknie  aeid  (Btnive,  Ber.  1877, 
10,  76  ;  Schaltt,  Lc). 

Properties. — The  aeid,  H2A,liU,0,  forms 
,  needles,  sparinply  8«<lul>le  in  water  Or  alcohol, 
and  thty  hydrochloride  HjA.2UCl,prisms,  sparingly 
5<oluble  in  c<dd  water.  When  heat<»d  with  lime 
it  yields  diaminofinorenf.  but  when  the  barium 
salt  is  heated  b^uidine  is  obtained.  From  the 
/«fra«o  oompound  dimxo  dves  have  been  made 
(Paul,  I).  R.-P.  llSin  of  1886;  Eng.  Pat. 
8296  of  1887;  Beyer  and  Kegel.  1)  U..P. 
44089;  44161  of  1887);  but  not  In  inL'  din-ct 
cotton  dyes,  they  have  no  teohtiieal  value.  In 
this  n>sjx-ct  the  disazu  dyt»i  liom  this  source 
differ  fn)m  tho.se  pro<luce<l  by  coupling  diazot  iscd 
4  :  4'-diaminodiphenyi-3  :  3'-dicarboxy  lie 
acid  (o-diaminontphenic  acid)  with  the  same 
naphUiylaniine-  naphthol-sulphonic  acids, 
which  are  dire(^t  cotton  dyes,  although  no 
longer  of  anv  value  (Bad.  Anilin*  u.  Soda-Fab. 
1).  n  r.  43524  of  188ft;  04662;  Eng.  Pat. 
Uf.Tti  o)  i^>n(iv  *  W.  P.  W. 

PHENANTHRONAPHTHAZINE  t'.  AzonH. 
PH  FN  A  NT  H  F!  0  PHENAZIME  v.  Azom. 
PHENAZINE  '  .  AziNKS. 
PHENEOEL  r.  S^-nthetic  drugs. 
p-PHEHETIDINE  (pHimitiojiAenetoje)  may  be 


e  pn  cii»itate  by  MHlium  carbonate  ■  obtained  by  the  action  of  alcoholic  sulphuric, 

Kidution  (Gilt/..  Moin»(s|i.  I!H)2.  23.  27:  <Jrael)e  or  hydrucljoric  ncid,  on  phenyl hydroxylamino 
aa<l  Aubin,  Lc. ;  Schmitz.  Annalen,  1878,  193,  i  (Bamberger  and  Lagutt,  Ber.  1898,  31,  1660). 
116).  IMphenio  acid  also  can  be  obtamed  i  It  may  Iw  preputod  by  adding  212  grams 
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p-uitrophi'iu  tolf  gracluully  Ut  a  Hulution  of  848 
grams  of  staiinotm  chloride  in  1060  of  hydro- 
chloric acid  at  50^-00^.  It  is  Uien  procipitatod 
from  solution  -as  the  hydraohloTiae  hy  the 
luldition  of  concentrated  hvdrocliloric  acid 
(Paul,  ZeitHoh.  angew.  Chem.  18U6,  587). 

p'thBoMtboB  may  alto  be  prepared  by  treat- 
ing p-arophenetolo  with  tin  uthI  hydrochloric  aciti 
(D.  R-  P.  48543);  or  by  heatitig  benzylideno-f*- 
aminophenol  with  ethyl  l)ronude  and  alcoholic 
Bodiuui  hydroxide  for  3  hours.  The  pro<luct  is 
then  warmed  with  acid  when  p-phenctidino 
separates  (D.  K.  P.  69006). 

p-Phenetidine  ia  a  ^md,  b.p.  254'2'-254-7°, 
m.p.  2'4"  (Schneider,  SMtfloh.  phyaikal.  Chem. 
1896,  19,  iri'j).  When  hoatcd  with  hydrogen 
peroxido  and  diiuta  sulphuric  acid,  it  yiel<U  a 
brown  colouring  matter  CttUMNgOg*  but  when 
oxidiaed  in  the  cold  with  a  pormanganatc  it 
yields  quinono,  carbon  dioxide,  acetic  and  oxalic 
acids,  and  resinous  subtitaiioes  (Kinzel.  Arch. 
Pharm.  229,  329).  When  to  an  alcoholic  iiolu- 
tion,  6  c.c.  of  a  potaHsium  iodide  solution  are 
adde<l  and  the  mixture  hcati  1,  a  rii>c- red  colour 
is  formed  (iioldmanD,  Pharm.  Zeit.  1893,  36, 
206).  FcHT  the  detection  of  phenetidine  in  urine 
•ee  EdI.'f-icn.  ('h.-m.  Zentr.  HKX),  i.  573. 

p-P/\eiu:iidine  tiUphonir  ucid  i.s  prepared  by 
heating  the  hydrogen  8ulpltat<-  of  the  base  ur 
by  iKiilintr  /J-nitrophcnctole  with  Jiodium  hydro- 
gen sulphit*'.  It  forma  readily  oryctalUne 
•odium  m\Ui,  and  may  be  dinzotisod  and  joined 
with  ^naphthol»  thus  obtaining  the  axo-  oom- 
pounds  trbioh  with  barinm  mm!  aluminium 
hydroxides  form  red  lakes  of  pent  bnlliancv  and 
fastneea  (O.  R.  P.  146655 ;  tee  also  D.  R.  P. 
189400).  p-Phenetidine  sulphonic  acid  may  also 
be  obtained  by  heating  phenetidine  with  fuming 
sulphuric  acid  (£Ing.  Pat.  14375,  1897  ;  «ee 
stao  Oohn,  Anudeii,  1809,  300,  234;  Paul,  Lc). 

Stkfli  Mlphonc  phi  nrtidtne 

EtO  (\H,  NHSOjCiHs 

is  obtained  by  the  action  of  ethyl  sulphochlorides 
on    p-phenetWne.   It  forms  shining  white 

leafletH,  m.p.  SO^-Sl",  and  acts  a-i  a  monobasic 
acid,  forming  weU-cryHtalUs»ed  3altH  which  may 
be  employed  In  medicine  as  they  have  anti- 
neuralgic,  antipyretic,  sedative  and  hypnotic 
propertiei*  (Autenrieth  and  Hernhcim,  Arch.  , 
Fharm.  1904,  242,  579).  Similar  an)matic  | 
•nlpho  derivatives,  also  employed  in  medicine, 
have  been  prepared  (Eng.  Pat.  S701.  1896). 

By  the  intera<:ti()fi  of  />  phenetidine  ami  its 
homologuee  with  ethyl  orthuformate,  com- 
pounds are  formed  of  uie  type  of  metheinyldi-p- 
phenetidine,  which  poH'*esH  una-sthotic  properties 
(r.olflv  hmidt.Choin.  Zeit.  I'.M)2,  26.  74:>  ;  J.  Si>c. 
CluMii.  Iiid.  1890,  «5<>)- 

The  folloMring  derivatives  of  p-phametidine 
also  have  medicinal  properties  : — 

The  citrates,  t^irlrnf^f,  and  matuhUii'  t  pre 
pnied  by  mixing  the  theoreticiil  quantitieti  of 
the  aeid  and  base  dissolved  in  nuitable  solventH 
(Ensj.  Pat.  1 1288,  18051. 

Lactyl-p-phrnctifliiic  (Lidopfu  uin)  in  prepared 
by  heating  henKylidene  -/^-phenetidine  with 
laetic  aci<l  (Eng.  'Pat.  19IS,S,  IS94  ;  sr.-  aN,, 
Eng.  Pat.  29869,  1896).  It  forinn  colourless 
prismii.  The  iluiCfMUe  of  p-phtnctidiiif,  m.p. 
55°-d6°,  b.p.  182°/ 12  mm.  is  obtained  by  heating 
phenacetin  (p-/)AeN«Mili«e  momaodmi  fvith  • 


largo  exccsa  of  acetic  anhydride  (D.  K.  P.  7801 1 ; 
Bistravcki  and  UlSers,  Ber.  1898,  31,  2788; 
f^hn,'ibid.  1899,  32,  2239).  Benityl-^-'pheMti- 
dtne,  m.p.  45°-46°,  obtained  bv  heating  benzyl 
eliloride  with  p-phenetidine  lorm.s  crystalline 
plates  (Wenghufier,  (Jhem.  Zeit.  19,  1753; 
Wedekind  and  FiOhUoh,  Ber.  1907,  40,  1001). 
Ethoxt/phenyloxamide  (('0),(NHC,H4  0Et),  by 
heating  anhvdrous  oxalic  acid  withjp-pbenetidine 
to  UU  -Uo' .  It  fonns  thin  neodtoe,  m.p.  288" 
(Wenghoffer,  I.e.). 

Amygdalyt  phemiidine  by  heating  ;j-pheneti 
dine  niandeiate  to  170",  ^rms  shining  wliite 
plated.  m.p.  140-5°  (Wenghoffer,  Lc).  Eihyl 
fi-pkeneldyl  embmate  obtained  condensing 
p-phenetidine  with  ethyl  acetoacotate,  forms, 
when  heated  rapidly,  to  226''-240°,  p  ethoxy-y 
hydroryquinakUne  EtOC,H,;N0CH,-O(OH)-0H. 
which  has  powerful  antipyretic  ])ropertiea 
(Wenghofler,  Lc).  .Salic yl  -  p  •  pfn-ttiiulene 
{Saliphen),  nup.  142*^-143',  is  prepared  l^y 
heating  the  constituents  with  phusphoms 
oxychloride;  ita  aceto  derivative  has  m.p.  OS" 
(U.S.  Pats.  706355,  706356,  1902;  Bolezzi, 
Uaaz.  chim.  ital.  1898,  28,  iL  197).  Also  amino 
atet'p-filkentHding  (PAenoeotf),  rateryl-p- phewi- 
tidim  I.Srdaiin),  vaniUin-p-phenetidiu'\  and  the 
furfural,  propionyl,  methyl  glycolic,  and  (iceio- 
sulphonic  derivative.^  (J.  Soc.  Chem.  Ind.  1808, 
726;  Eng.  Pat.  14954.  IS9(i;  4565,  1905). 

For  the  halogen  derivatives,  see  KUiedel 
(Annalen.  1883,  217,  5;'.);  R<jvertlin  (Ber. 
1896,  29.  2595);  Beverdin  and  During  (ibid. 
1899,  92,  152);  Orothe  (Aroh  Pharm.  1900, 
238,  riST,  iKK)).  Nitrn  derivative.s  are  de.s<ribed 
by  Wender  Uirazz.  chim.  ital.  19,  218):  Auten- 
rmth  and  Hinsberg  (Aroh.  Pharm.  BO,  480); 
Blanksma  (Rcc.  trav.  cliiin.  1905,  24,  40). 

For  other  derivatives,  sic  Boettinger  (Aroh. 
Pharm.  1890,  2.34,  158);  VVirths  (ibid.  620); 
Meves  (J.  pr.  Chem.  HKIO,  [ii.]  61,  449); 
Vorlander  (Annalen.  1897,  2JM,  2;.3.  302); 
Bischof!  (Ber.  1898,  31,  3241,  3248):  Par- 
theil  and  Schumacher  (ibid.  691):  Sachs  wod 
lievy  (ibid.  1904.  37,  874);  Sohraeter  (ibid. 
190"),  .38,  3181);  Bisehoff  and  Frohlieh  d'hid. 
1906,  39,  3976);  Erlenraeyer  (ibid.  791); 
Ooldsohmidt  (Chem.  Zeit.  1901,  26.  178); 
Lumi^reand  Rarbier  (Bull.  Soc.  ehiin.  1906.  jiii.] 
35,  123);  Fourncau  (J.  Pbirm.  Chim.  1910, 
[vii.]  1,  97). 

O' Phenetidine  is  produced  as  a  by-pcodnct 
in  the  formation  of  the  para-  compound. 
PHENETOLE  C.Hs  O  (  ,11^. 
Preparation. — Phcnetole  can  be  obtained  by 
heating  potassium  phenate  with  ethvl  fodioe 
(C  ih-ur  .  Aiin.Cliim.  Phys.  [iii.]  27  ;  163).  or  by 
heiiiiKg  II  iiu.xture  of  equal  partes  of  [.heixd  ancl 
phosphorus  (M'ntoxide  at  20<>''  an«l  graduallv 
adding  alcohol  (Kastropp.  lier.  1877,  10. 1685).  It 
is  prepared  Ijy  heating  molecular  pni^xjrtions  of 
crude  calcium  or  so<lium  sulpnovmate  and 
soilium  phonate  (prepared  by  mixing  molecular 
pro|)ortions  of  phono!  and  aqueous  OMWtio 
soda  of  sp.gr.  1-33)  at  \ri()'*  for  some  hours 
(Kolbe,  J.  pr.  Chem.  [ii.l  27.  424). 

It  may  aI»o  bo  nreparml  by  funing  perfectly 
drv  •sodium  ethoxide  with  ]>t  rfe«'tlv  dry  phenyl 
sulphoM  itr  fMoureu.  J.  Phartii.  rhiiii.  1  Sl»8.  8, 
21  I  ;  i  li  I'll. Ill  of  s<i<lium  ethoxidi-  on 
triphenyl  phosphate  (Morel,  Compt.  rend.  18JHI. 
128,  508) ;  or  by  passing  alcohol  into  a  mixture  of 
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phtmol  and  ^-naphthalene  enhthonate  heated  > 

to  I2(i''^I4t)''  (D.  R.-P.  76574  ;  Frdl.  iv.  18). 

Properties. — It   is  a  colourleas,  aromatic  i 
liquid,  iniioluhle  in  water,  but  solable  in  aloobol  f 
or    rtluT.     It    hnW^    -it    172*  (^'ih'Mirs).  at 
Vli  '}°  at   7G2-4  mm.   (Srlu)T.  Aimalrn. 

1883,  220,  105),  and  raclt>  it  :t:t 

\Vb«'n  phcnotole  in  healiHl  with  .sulphuric 
aoid  or  left  to  !4tand  at  ordinary  t«'!np(  ratur<.«, 
y^hcnetolc  ^lUphonic  acid,  toir(  »ii<'r  \vitl\  a  littU- 
of  the  meta-actd  aeparates  (Sbobor  and  Bowers, 
Amor.  Ohem.  J.  1901.  2S,  60).  I 

OthiT  sulphur  oompoundfl  of  phonetoli"  an- 
descril)e<i  l)v  GAttormann,  Ber.  1891),  32,  1136; 
Taboury,  Bull.  Soo.  chim.  1905,  [iii.]  33.  836; 
Sniilos  and  Roai%nol,  Gbem.  600.  Tnuia.  1008, 
756. 

Alkjfl  phenclolrs  are  obtniiu'd  by  treating  a 
mixture  of  iodophcnetole  and  etiiyl  iodidu  with 
sodium  in  bonr.eno  solution  (jannasch  and 
Hinrich^en.  B.  r.  l^OS.  :u,  1824). 

Phf-mtolcazobcnfiiJchyde  aulphonic  acid. 
njIlsO  C,H,  N:XC,H,(SO,H)CHO,  is  prepared 
l>v  oxiili/.i.iL'  thf  dyt'  '  Clirysophenin  G'  with 
cold  aquemis  jxTimiiiUHiiutc  (Kns;.  Pat.  1431, 
1898).  It  form-A  urani;r-ooli)\ir(M|  microscopic 
crystals  Hparingly  soluble  in  oold,  readily  in  hot 
♦  \vat«'r. 

\  Uv  ri-acting  with  amino  compoutuls  a  avrifs 
of  phtiictolc  axo-methinoazo  dyes  have  been 
prepared  (Groen  and  Sen.  diem.  8oe.  Trans. 
1010.  2242  ;  r.  also  Azo-dyhs). 

PhenetoU  azo-pktnola  have  been  nrcpa  d 
by  Jaoohson  and  Meyer  (Annalen,  180S.  287, 
212);  Hewitt.  Moon<.  and  Pitt  (IW.  1808,  31, 
2114;  Ch-  m.  S  ic.  Proc.  1S«J7.  157);  v.  also 
Naegali  (Bull.  Soc.  chim.  1894,  [iii.]  11,  897). 

The  following  derivatives  have  also  been 
prepared : — 

Ilnloqen  ph*  n'tnlrs  (Autoiirieth,  Arch.  Pharni 
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PHENOL  AHD  m  HOMOLOOUBI.  When 

a  hydroxyl  (;roup  eiitor?5  into  the  molecule  of 
an  aromatic  hydrocarbon  it  ran  do  .so  by  re- 
placing ( 1 )  a  hydrogen  atom  of  the  nucleus  or 
(2)  a  hydrogen  atom  of  a  side  chain.    The  iso- 
meric subntAnccH  thus  prt)duce<i  posses-s,  how- 
ever, very  different  nro{x?rties,  for,  whereas  the 
compound  (2)  is  in  all  respeota  analogous  to  the 
alipnatio  aloohols,  the  oompoond  (1)  eddbita 
pmprrties  which  .serve  to  (h-tinguish  it  entivdy 
from  the  members  of  the  aliphatic  pories. 
C,H4(0H)CM,  C,H,CH,(OH) 
(1)  (2) 
The  members  of  group  (1)  are  therefore  clastied 
bv  themselves,  and  since  the  simplest  repre- 
st'iitativi'  of  tlie  serie.s,  C,H,'Oll,  Which  i.-s  pro 
duced  by  the  substitution  of  one  hydrogen  atom 
of  bmiene  by  hydroz]^,  is  oalled  phenol*  all 
memlv>r'^  nf  the  group  are  knoini  under  the 
geiienil  name  of  phenols. 

NovMnrUauTt.  According  aa  one,  two,  three, 
four,  and  so  forth,  hydroxyl  groups  enter  the 
benzene  nucleus,  the  phenols  are  terme<l  raono- 
hydric,  dihydrio.  trihydric,  tetrahydric  phenols 
respectively.  Their  soientifio  names  may,  in 
every  instance,  be  referred  to  the  narent  bydro- 
earljon,  luit  in  nmny  ease-s,  e.'^pecially  a.^^  regards 
the  older  members  of  the  scries,  they  are  generally 
known  by  trivial  names  which  are  derived  from 
their  mode  of  origin.  Thus  1-3-dihydroTylx'n- 
zene  is  termed  roBorcinol  from  its  similarity 
toorcinol;  l-2«8'trih^Mrozy benzene  is  known  as 

Eyrogallol  because  it  was  originally  prepared 
y  the  distillation  of  gallic  aoid.  The  phenols 
the  genenl  fonniilft 

r-  TT,    ,(0H)  or  C„H,„  .0. 

The  Mpnohydric  Phenols.  The  simplest 


Z(>it>rh.  atiircw.  T'lii  in.  587;  .Tafi>l>son  and 

Honia^bi  rticr.  lt(  r.  H»ua.  36,  4124  ;  Blanksma, 
PJ«c.  k.  .iVkad.  Wetonsch.  Amstenlam,  1008,  10, 
SOO:  Oh.  ni.  \V.'.kbla.l.  1908.  5.  7S9). 

Ilidoit*  n  nitrn-phf  11'  toll  >t(,ln<  ]isini  and  (  "alhatie 
.Vraer,  Chein,  J.  ]'Mr2.  2S.  451  ;  .Taekson  and 
Gallivan.  ibid.  18t»8.  20,  179;  Jackaon  and 
Fiflke.  ibid.  1003.  30,  53;  Rovordin,  I.e.). 
Nitmso  phn«(ok^  (liisiiiL',  B'  r.  I'Hi-t.  'M ,  43). 

Phonetole  also  forms  compounds  with  tcl- 
lurinm  chloride  and  with  selminm  (RuMt,  Ber. 
1897.  30.  2S2S  ;  Kunckell.  ihid.  1^0.1.  2S.  000). 

For  some  other  derivaliv*-  nf  ]»h(ni'1"lc  f. 
iftist  and  tl.itt"  itii  inn  IV^i  Y.  Is02.  2.'>.  :{.''2n)  ; 
Peohman  and  \V.<hkiu.l  Is't.'..  2s.  ICsS); 

Wiechrll.  Annai.  n.  lsi»4.  27lt.  :{:{7  :  l>/i.  r/.- 
gowr*ki  (J.  Rus^.  Phv^.  Chcm.  S  n  .  J."i.  l'T.".^ 
Tr«'.ier  and  Volkmer  (J.  pr.  Chem.  1905.  71, 
236) ;  Trdger  and  Vasterling  {ibid,  72,  323).      1  C«F«(N02)Br-i-KOH 


a  diasonium  salt  of  an 
I  con* 


1805,  233,  26 ;  Bentley,  Haworth,  and  Porkin,  i 

Chem.  800.  TranR.  1806,  165 ;  Reverdin,  Ber.  I  tnembefs  of  the  series  frequently  ooeor  among 
1S!»(',,  29.  2595;  .ruinasch  and  Naphtali,  Ber.  [  the  products  of  the  dry  distillation  of  organic 
1898,  31,  1714;  Griptmrtl,  ('<»m[)t.  rend.  1904,;  compounds  containing  oxygen,  and  tbe^orc 
1S8,  1048;  Autenrieth  and  Muhlinghaus,  Ber.  |  phenol,  and  the  creeols  occur  in  coal  tar.  They 
1006,  39.  4098  :  Bonneand,  BulL  Soo.  CShim.  may  be  prepared  synthetioaiiy  by  the  foUowhig 
1010.  riv.]  7.  776).  ,  processes  :  — 

/<  ZoMAyilitKBy  pA«netok'exp1a(lesat  221^  aiid  I  (1)  The  fusion  of  a  .mliihonic  acid  with 
has  Htrong  oxidising  and  antiaeptio  firoperties  j  potassium  hydroxide ;  thus  phenol  (potai*sium 
(D.  II.  P.  161725).  salt)  is  formed  from  potassium  benzene  sul- 

Nitro-ph'  ii'loh  .s  {]/'hrv  dr  Bruyn.  Rec.  trav.    phonato  in  accordanoe  witii  the  equation—* 
chim.  13,  lUl ;  Blanksma,  ibid.  1904,  23,  119;  ;  c;.H.'80.K.+2KOH  Qii^ 
i5«.  1008,  24,  40:  tWtf.  1008.27.40;  Paul,-  *   ^      ->  C.H^ 

(2)  By  treating 
amine  \rith  hot  wat^r;  aniline  can 
verted  into  phenol  thus — 
C«H,NH.       C,H,N,C1  +  H ,0 

GV1,  0IH  N,-f  HCl 
The  gnwt  stability  of  the  halogen  derivatives 
of  the  aromatic  hydrocarbouH  which  have  the 

halogen  atoms  direelly  attached  to  the  carbon 
atoms  of  the  nucleus,  prohibits  the  formation  of 
j^ienols  by  the  methorl  usually  adopted  for  the 
]>reparation  of  the  aliphatic  alcohols,  namely 
by  the  interaction  of  halogen  derivative  of  the 
hydrocarlxm  and  alkaline  hydroxide.s.  If,  how- 
ever, a  nitro  group  is  present  in  the  aromatio 
nucleus,  the  halogen  atom,  provided  that  it  is 
in  thr  ortho-  or  para-  posit  ion  to  the  negative 
group.  IS  n'a<iily  diiiplaccd  by  hydroxyl  thus — 


«(NO,)OH+KBr 
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A  nitro  yroup  in  the  mc  ta-  ixjsitiuu  haa  no  i.:IIucl 
on  tho  inactivity  of  the  halogen  atom. 

(3)  Phenols  may-  also  be  piepMred  by 
elimmatinf?  the  oarboxyl  group  mm  aromatic 
hydroxy  ncid.s. 

C,H  /*  »H)(CO,H)  ->  C,Hj(OH)+C<  > 

Oemrai  prvperiieA.  The  phenols  differ  ir«.>ui 
tha  ali|iliatio  alcohols  in  their  capaoity  lor 
forming  salta  with  alkali  nietab.  The  corre- 
sponding oompounds  of  the  aliphatic  alcohols, 
for  example  MHlium  t'thoxide,  nr«>  rea<lily  and 
completely  diasooiated  by  vrator,  yielding  free 
alkali  and  the  aloohol, 

C,H»-ONa+H,0  C,H,  OH+NaOH 
whereas  a  sodium  phenolatt;  or  phenate  C^H  (-ONa 
dissolves  in  water  without  change.  The  phenols 
are  thi  n  tf)rc  acid  .Nul^tmux-.s  which  dissolve  in 
aqueous  caustic  alkalis  forming  a  solution  of 
the  salt  from  which  aeids  repn  cipitate  the  free 
phfnol.  Thf  simpler  phenols  are  not,  howovrr, 
acids  sutticiently  strong  to  decompose  carbon- 
ates, but  they  aoiiain  this  fwopcrty  when 
np^ative  groups  are  prrfpnt  in  the  benzene 
jiucieas;  tnus  picric  ncid  dissolves  in  aqueous 
alkaline  carbonates 
2C^,(N0,),0H4  Nn  /  03 

The  [)hencjlti  are  therefore  weak  acids  and 
their  alkali  salts,  which  are  alkaline  to  litmus, 
♦ire  readily  decomposed  by  curbuiuc  acid.  'I'he 
aetidii  of  alkyl  iodides  on  tho  phonolates  yields 
the  phenol  ctherr^,  of  which  anisole,  C,H,(OC^i,), 
and  phenetole,  CjliiiOCjHj),  are  types 
C.Hj  ONa+CHjI  ->  C,H,  OCH,+NaI 
The  faintly  acid  character  of  phenol  ia 
trated  by  Ix-'haviuur  of  ther^e  compounds 
since  theyare  not  hydrolysod  hy  alkalis,  and  are 
therefor©  more  closely  allied  in  their  properties 
to  the  ethers  than  to  the  ethereal  salts.  The 
h}*<lri  ixvl  irruiip  in  the  phenols  is  readily  djsplaced 
bv  hydrogen  by  distiUation  with  zinc  dust  and 
abo  by  aetion  of  phosphoras  trisalphide. 
It  is  displaccfl  l»y  halogens  tnrough  thf>  agency 


forming  sirungly  coloured  solutions.  The 
phenols  also  combme  with  diasoninm  salts 

yielding  coloured  oxyazo  conijiounds. 

The  oxidation  of  the  phenols  leads  to  a  variety 
of  prinhicts,  (iome  produced  by  the  fission  of  th<- 
aromatic  ring,  as  when  phenol  is  converted  into 
oxalic  aoid  by  potassium  permanganate  (Hen* 
riques,  Bor.  1888,  21.  Ifil9),  but  more  often 
leading  to  derivativtis  of  diphenyl  by  thu  juiiung 
up  of  two  benzene  nuclei.  TTio  reduction  cw 
the  ]»henoIs  C(mld  not  he  efffcted  until  Sahaticr 
and  Senderens  introduced  thi!ir  prijcc*!*!  of  reduc- 
tion hy  the  aid  of  nickel  at  high  temperaturefi. 
At  the  juesent  time.  furaotioaUy  all  Uie  better 
known  phenols  have  been  reduced  by  this 
method  to  the  corresiX)nding  derivaiivts  of 
cycA>-hexanoL  An  example  may  be  given  in 
phenol  itself  which,  when  its  vapour  mixed 
with  hydrogen  is  passed  over  nickel  heated  at 
215**-230*,  is  reduced  to  cyc2o-hexanul.  At 
the  same  time,  some  cyc/o-hexanone  is  pro- 
duced by  loss  of  hydrogen.  The  mixed  produot 
may  be  either  wholly  converted  into  the  alcohol 
by  passing  it  again  over  nickel  at  a  lower 
temperature,  using  a  laige  excess  of  hydrogen, 
or  into  the  kstone  by  conducting  the  Tapoar 
wiffiuut  hvdrocen  over  copp<T  heated  at  330* 
(compare  Oompt.  rend.  19U4,  137,  1026;  138. 
467,  1267 1  Brand,  iMI.  187, 1268). 


OH, 

CH,/\0H0H 

CH,i^  ;CH,  CHiiCH, 

Cnwoyl.)      (tiw&r-HexaiMl.)  {(qieli»HexanoQe*l 

Phenol   (Carbolic    acid.  hydroxybenzen«K 

Phenol  Mras  discovered  by  iiuiige  in  1834  (Poya. 
Ann.  1834,  31,  60  ;  32,  308)  amone  tho  prodttots 
formed  by  the  distdlation  of  coai  tar,  and  was 
subsequently  obtained  in  a  crystalline  condition 
by  Lannnt  (Annalen.  1842,  43,  200).  Hie 
preparation  of  phenol  from  rnal  tar  is  described 
in  the  article  un  carbolic  acid  (<7.t'.)  ;  considerable 
i]uantitio8  are  made  synthetically  by  the  fusion 


of  phosphorus  p«ut*i  bromide  or  chkxride,  and  by  potassium  benzene' sulphonate  wth  caust.c 

theammogruup  byheat,,i.^u.ihanoammomnm  i„  accordance  with  the  general  method 

chloride  or  simdar  salts     Ihe  replaoemen    of  mentioned  (1).    The  purification  of 

the  hydrogen  atoms  of  the  nucleus  takes  place  -               -       -  -        .  .  . 


,  , ,        ,.  ,  ^,       ^  ,  phenol  can  be  effected  by  taking  advantage  of 

with  remarkable  rea^liness,  and  the  entrance  of  aTformation  of  a  crystalline  Kydnite  oF  the 
halooan  atoms,  as  well  as  of  nitroeo,mtio,  sul- ,  f^j^mnla  r,H.OH-f  H,0  fm.p.  in'}, 
phonic  acid,  and  azo  groups,  into  the  molecule  ;      pbenol  boib*  at  183°  and  .Hoiidii.e.s  t«  «  u.««« 
of  the  phenol,  can  1>.  .  fie. f  d  mth  great  ea.e.         ,        colourlc«.s  prismatic  crj-stals  possessing 
The  pheuols  ajc  characterised  by  a  charact.  rtstie  .m.  Il.    Th.  addition  t^f  a  small 

oobur  iMCtKmB  which  may  be  ascnbod  to  tte  q„antitv  of  water  to  solid  phenol  causes  it  to 
tendency  they  possess  to  react  m  di»  Unto-  ^  iiq^efy.  Binoe  there  is  formed  a  solution  of  water 


meric  forms- 


5^ 


and 


in  phenol  which  is  known  as  '  aoidum  oarbolicum 
*  liquefaotum.'   At  the  ordinary  temperature, 
about  1  part  of  watt  r  (li>.-<ulve,~  in  '^  parts  of 
-  phenoL    When  mure  water  is  added  an  oil 
t  separates  which  ultimately  dissolves,  yielding  a 
solution  of  jtheiiol  in  ^v;^ter:   at  the  ortlinary 
t<.tiupcraiurc,  1  part  of  phenol  is  soluble  iu  Ifi 
parts  off  water.    Ttaiol  is  a  strung  poison,  Stkd 
in  its  pure  condition,  or  in  the  form  of  its  con- 
centrated solution,  quickly  corrodeH  the  skin. 
It  H  a  powerful  aseptic  and  is  employed  for  this 
purpose  in  the  form  of  a  3  P.O.  aqueous  solutioa. 


Thus  well-defiaed  ooluuratioiut  are  ubuaily 
piDdttoed  by  ferric  chloride.  Other  colour  re- 
actions are  .shown  bj-  certain  reagaits;  for 
example,  sulphuric  acid  containing  nitrous 
acid  gives  a  characteristic  colour  with  many 

phenols;    this   reaction    is    the    basis   of  ^  »  -  .  . 

Liebermann'snitroflO  reaction.   Phenols,  having  '  Phenol  is  used  technically  for  a  variety  of 

irvf.  para  positions  when  fuse<l  with  plilhulli"    j.iiq«»^e';  ;  thus  it  is  ernplovtd  in  the  j>repani- 
auhydri<lc  in  the  prt^noe  of  a  dehydratmg    tiun  of  .salicylic  acid  and  pbenacetin,  as  well  as 
agent,  vield  {^hthslfins  wiiicb  dissolve  in  alkali,  for  the  piodtlotion  of  piocio  acid  {q-,v.)  i  it  is  also 
Vol-  IV.— H 
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the  bMis  of  many  ootonring  mfttteis.  The 

prfs«ncc  of  phenol  (in  tin-  absence  of  t»ther 
mumbcrM  of  the  jieries)  may  Imi  detecUtl  by  the 
violot  colour  which  i«produce<l  by  ferric  chloride, 
but  a  mon  <lclic«le  testis  to  atld  bromine  water  to 
au  aquctjud  solution  of  the  sutMUuice,  when  even 
in  very  dilute  solution  aHo<!Culent  pale  yt  lluu  pre- 
dpitoVe  of  tribiomphenoi,  C,H,Br,(OH),  mixed 
with  tribfomphenol  bromide,  t'.HjBrj'Ofir,  iaat 
once  formed. 

The  esters  oj  phenol.  Phenyl  hi/firuytu  sui- 
fhmU,  t'.H (  0  80,011.  is  formed  as  the  potaa- 
:  inrn  suit  \>'h' ii  '>  cuneentrated  -nhitiou  of 
poUuwjuijj  phfiioiair  JH  trcute<l  with  ix>lai»i>mni 
OTXoauluhate.  The  salt  cryHtalliHOK  from  alcohol 
in  small  gliMtcning  leaflets  which  diaaolve  in 
7  parts  of  water  at  16*.  It  is  stftble  towttfds 
jilkalis  l)ut  i.s  at  once  decomposed  by  acids  into 
phenol  and  acid  potaaaium  sulphatv.  The  free 
aoid  is  unstaUe  both  in  *looholio  snd  in  aqueoos 
.Holutidii.  Potassium  phenyl  sulphate'  is  of 
aomo  physiological  importance  since  it  is  m  this 
form  thftt  pheool,  taken  internally,  is  excreted. 
It  ooours  in  small  quantity  in  the  normal  urine 
of  men  and  dogs.  Phertol  methyl  ether  (anisolo 
OfH(-OCUv  ia  a  pleasant-smelling  liquid 
boiiing  ftt  ISa-Q**  sad  melting  at  — 37'8^  It 
has  ap^n*.  0-090  at  22*.  Pkend  «tM  ether 
(phcnotolo),  C,II,  OCijUc  boiii  at  170-3*  and 
has  8p.gr.  0-90^  at 

TM  OresOb.  The  entrance  of  a  hydroxyl 
griiup  into  the  ra>«leciUe  of  the  hydrocarbon 
toluene  can  take  phme  either  in  the  side  clmin 
or  in  the  aroqaatic  nucleus.  In  the  former 
event  the  compound  produced  is,  as  already 
lueiitiunod,  aliphatic  in  charact€r  and  need  not 
bo  coosideretl  here.  It  is  only  when  the  hy- 
dfoiq^l  gcoop  enters  the  acoroatio  anoleus  that 
the  cteMls  aro  formed.  It  is  evident  that  the 
hydroxyl  group  l  au  enter  in  three  positions  in 
respect  to  the  methyl  group,  and  hence  there 
are  three  eresois  which  my  be  rcproaooted  by 
the  formula 


CH, 


CH. 

/\ 


ortho-Ct9»o\.  iiMto-Crc<<.)l. 


>H 

7Krrfi'Cre*ol. 


All  three  oresoLi  oooor  in  coal  tar  in  relatively 
large  quantities,  althoofl^  <M!re8ol  is  the  only 

mem!>ir  which  is  isolated,  eouiniorcially,  in  a 
pure  condition.  Both  o-  and  ;<-cre«ol  are  pre- 
pare<l  in  a  pure  state  from 'the  corresponding 
toluidines  thioiijili  thcdinr.n  renetton  (method  2). 
m-Cresol  i.s  usually  tlfiived  from  thymol  by 
heating  it  with  iihosplmrus  |>entoxide.  o-Cresot 
(l.niethyl*2-hydruxy benzene)  melts  at  'M)"  and 
hoiln  at  190-8*  m-Crtsol  (l-methyl-S-lu  ilioxy- 
benzene),    nielts   at   4°   and   boils   at  202-8'^. 

S-Cruol  (l-mcth\i-4-hydroxy benzene),  melts  at 
and  boils  at  201     {v.  Ckksol). 
Tlu-   six    possible    rtflenoU  (dimethylhy- 
droxy  benzenes)    have    boon    prepare<l  either 
from  the  oorrosponding  xylidines  or  from  the 

1. H^nneric  xylene  sulphonic  acids  by  fusion 
with  potash:  adj-o-xylenol  (1 : 2-dimothyl-3- 
hydroxybenzene),  melts   at   73"'  and   boils  at 

2,  VS^l  aeym'O'Xyienol  (l:2-dimethyM-hvdroxy- 
beoMiie),  melts  at  W  and  boUs  at  222^ ;  (ulj- 
misyletMi  (1:3-  dlniothyl  >  2  *  hydroxybensene). 


melts  at  49"";  asym^se^eiuil  (1 : 3-diiiiothyl*4- 

hydroxybonzone),  melts  at  25°  and  boils  at 
209'^ ;  aym-iH'XyUiutL  ( 1  :  3-dimethyl-5-hydruxv- 
l>enzeue),  nidts  at  (»3^  »iitl  ImjiIh  at  218^^; 
p  i'l/h  iiol  { I  :  4-dimeth\  l  -  2  -  hyiiroxj-tienrene), 
ineltii  at  75  and  boils  ut  20il .  ilie  tiux-c  more 
ini[»ortant  trimcthylhydroxybenzenes  are  :  mesi- 
tol  (l:3:5<tnmethyl-2-hydroxybenzeneL  meltine 
at  TO^-TP  and  boiUng  at  2I9-C°  ;  pseudootumeiM 
( 1 : 2: 4-t  rimethyl-S-hydroxylHMr/.ene),  which  melts 
at  73^  and  boib  at  234°~235%  and  hcmelUtkeml 
(1:2: 3-trimethyl-5-hydToxybenzeQe),  melting  at 
SV.  PrehnitenM  is  1 : 2 :  3  :  4  trtramcthyl-.'i-tiy- 
droxybenzene ;  it  melts  at  80  -87  "^  and  buils  at 
200°.    £>ur««oi;  whieh  is  1 :  2 :  4  : 5-tetramethyl- 

3-  hydroxybeiweDe,  melts  at  117**  and  boila.  at 
249°-250\ 

Two  important  .subfltances  are  included 
among  the  higher  phenola,  namely  eormcral 
and  ihymoL    These componnds ooonrnatumOy 

in  niany  ethereal  oil-j  and  are  relatetl  t<»  the 
tcrpeues  and  camphors.  They  are  both  mono- 
hydric  phenols  derived  from  cymenc  (1-meth^- 

4-  t*oprr>pylbenzene),  and  sineo  this  hydiocarooo 
can  only  yield  two  phenols,  namely 

OH,  CH, 


CHj-CH-CH,  CH,-CH-CH, 
I.  II. 
it  is  evident  tliat  one  must  be  thymol  and  the 

other  carvacrol. 

The  structure  of  the  two  compounds  is 
revealed  by  the  fact  that  when  heated  with 
phosphorus  pcntozide,  oarvaend  yidds  i>ro]n  . 
lene  and  o-crcsol ;  its  constitution  is  therefore 
represented  by  formula  (L).  Thymol,  on  the 
I  ither  hand,  yvMa  pfopylene  and  m^cresol  nndw 
tlie  same  ctmditions  and  must  therefore  have 
the  iitruoture  repre«k:uted  by  formula  (II.). 

Carvaerol  (l>methyl-4-««opropyl-2-hydfOX7< 
benzene),  ooonrs  in  the  ethereal  oils  ol  Origanum 
hirtum  and  Sfiiureja  harteiwis,  and  also  in  small 
quantity  in  the  oil  of  Tlnimns  u rj>i/Uuin.  It 
may  be  prepared  Byntbetioally  by  fusing  sodium 
cyraene  solphonate  tdth  eamtie  soda  and  can 
be  extracted  from  the  acidified  product  by  mrnns 
of  ether.  It  is  readily  formed  from  its  isomende 
carvone,  a  constituent  of  cumin  oil,  either  by 
heating  with  caustic  potash  or  by  the  action  of 
phosphoric  acid.  The  relation  between  these 
subetanoes  is  shown  by  the  foUowtng  iwnvlm^ 

CH,  CH, 

1 


CH,  JCH, 

(fH 

I, 

i'lirvone. 


Carvacrol. 


It  is  alst)  derived  from  camphor  by  the  actioD 
of  iodine.  ( 'nrvucrol  is  a  thick  Uquid  which 
boils  at  237'  ;  it  .svdidifies  w  hen  cooled  and 
melts  at  'rO"«'»''.  It  gives  a  green  colourHtioa 
with  ferric  chloride  in  dilute  aleoht<!'e  •solution. 

Thymol  (l-methyl-4-tsopropyl  3  h>  dru\y  ben- 
zene), occurs  in  the  eesentisl  oils  el  the  conunOQ 
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gnrdeii  thyme,  Tfn/mu^  vuUjarit ;  of  Piychoti^ 
ajowani  and  of  liorsomiul,  Moiuirda  pmulaMi, 
*■  well  M  in  the  owwDtial  oil  of  Thy  mas  ttrpyl- 
Hum,  It  my  be  obtained  bv  shaking  oil  of 
thyme  with  aqneotis  oaustic  soda,  s'eparaiing  tho 
un(.liess<^>lved  torpenee,  and  acidifying  the;  alkaline 
extract  with  hydrooUoxio  acid.  The  precipitated 
thymol  is  theo  reeryatalliMd  from  aeetie  add. 

Thymol  form.H  I  ir.:(  tr;in;<pivrent  crystals, 
soluble  in  llOU  puis  of  water  at  10''.  It  18 
readily  V(4atile  with  nteam,  but  the  aqueous 
Solution  i»  ri'ft  eolouml  by  fcrrii*  ■  hi  ndf\  It 
uieita  at  50  ami  boils  ut  232°.  It  la  a  vuiuabk 
aseptic  and  can,  sinoo  it  is  less  poisonous  than 
phenol,  be  taken  internally.  Whion  an  aqueous 
solution  of  thymol  is  treated  with  a  half  part  of 
aoetie  acid  and  then  with  one  part  of  sufiihurici 
acid  aod  warmed,  a  red* violet  colour  is  produced. 

A  TeMtion  by  which  oertain  higher  mono- 
hydrio  phenols  can  hv  produced  has  been  intro- 
duced by  Liebernruinn  (lier.  1881,  14,  li^).  It 
is  carried  out  by  treatiBg  aliphatic  alcohol » 
with  phenol  in  the  presence  of  zinc  oliloriilc. 
Thus  p-isobutylphaiol  (4-t«obutyl-l-hydruxybcn- 
sene)  caa  Iw  prepared  by  heating  phenol  (10 
parts),  i«obutyl  olcohoL  (8  PArte),  and  nnc 
chloride  (24  parts)  at  ISCT.  li  erjstallisea  in 
needles.  melU  at  H7-4'-9S'  and  boils  at  230°- 
238**.  A  similar  reaction  has  been  discovered 
by  Kdnigs  (Ber.  I890»  S3»  3146)^  only  in  this 
case  the  olefinic  hydrocarbons  are  trentetJ  with 
phenol  in  the  presence*  of  a  mixtnire  of  one  part 
concentrated  sulphurio  acid  and  nine  pails  of 
glacial  acetic  acirl.  The  two  leaotioilB  may  bc 
representee!  by  the  equtttiona-— 

The  dihydric  pheaob.   The  formula  of  ben- 
aM?ne   permits  oi  the  existence  of   three  i.so 
mecio  dihycbo^  derivatives  {  their  nam^  and 
fomnbe  «re  g^veo  bdow 

OH  OH  OH 


col,  cooled  from  without  by  \v>-,  are  gmdiially 
uiixeii  with  12  grina.  oi  iiJuiuinium  chloride  and 
then  heated  in  an  oil  batli  for  2  houru  at 
210".  At  the  end  of  this  time  the  product, 
which  is  a  hard  solid  cake,  is  removed  from 
the  flahk,  gromul  to  powder  and  warnicl  with 
dilute  hydiuchlork;  acid,  by  which  procoiis  the 
tolnble  p  \  rucatechol  is  removed  from  unchanged 
gnaiaciil  and  resinom  products  The  aqueuun 
extract  in  thtsa  saturated  with  cnmuion  salt  and 
the  phenol  extncfeed  by  ether.  Pyrocatcchol 
remains  on  evaporating  the  aolvent  and  is 
puriticd  by  diBtiUation. 

According  to  Perkin  (Chem.  Soc.  Trans.  1800, 
57,  687),  an  almost  quantitative  yield  of  pyro* 
catechol  ran  bo  obtained  from  guaiacol  by  the 


following  means.    A  solution  <»f 


truaiaii 


.1 


in 


l:2-]Mbrdraaqr-    1 :  t-Dihfdnnqr-  i :  4-uih]rdieisy 


<pyrod£Mlnl>.        (tewrelnd).  (hyAoqnfnoiM^ 

As  products  (if  the  decoinp(j.-iiti(>n  of  naturally 
occurring  substance^,  tbeee  dihydric  phenols 
luvobenilniown  from  (lie  eodfest  times;  their 
oripntatinn  was  first  somesfced  by  FetSKMII  (B«r. 
USIZ,  a, 'M)6  ;  1874,  7,  M). 

Pyroeatechol  (l :  2-dihydroxy benzene),  was 
first  obtained  by  Keinach  in  1830  (Kr-r. 
20,  301)  by  the  dry  dbtiUatiou  uf  catecluii 
( Mimota  catechu).  It  is  obtained  by  the  dis- 
tillation of  catechins  and  is  frequently  Drepaced 
by  the  distillation  of  those  vegetable  samtanoee 
which  give  n  green  ((ijiiuration  with  ferric  .«alts 
(Wagner,  Annalen,  1850,  76,  351 ;  Uloth,  ibid. 
1889,111,215).  Ft  ie,  mottonr,  iomied  in  the 
distillation  rf  w  <  d  and  is  thoMfore  present  in 
crude  pyroligneous  .icisl. 

Preparation.  (1)  Pyrticitechf)!  can  \)p  ninde 
from  its  methyl  eihi  r.  quuiacol,  which  is  the 
chief  constituent  the  fraction  of  beech  wood 
tar  which  boils  at  200^-205°.  The  hydrolyisis 
can  be  oifoctod  and  a  yield  of  70  p.c.  obtaintni 
by  the  foJlowing  process  (Hartmann  and  Gatter- 
WMMk,  Ber.  18^  2ft,  363S).   15 0cms.  o^guaia- 


1-5  times  its  weight  of  fuming  hydriodic  acid 
(sp.gr.  1*06)  is  gently  heated  for  about  an  hour 

in  an  Tpyi  .ratus  fitted  with  a  refiux  condenser 
(to  condense  the  eliminated  methyl  iuUitie), 
allowed  to  cool,  mixe<i  with  a  f<Mirth  of  itoi 
weight  of  }iv  Iriodic  acid  and  heated  as  liefure 
for  1  hour,  i  ne  prmluct,  after  wasluug  with 
water,  is  extracted  by  ether,  the  ether  removed 
by  distillation  and  the  residual  oil  pnritied  by 
rapid  fractionation. 

(2)  Pyrocatechol  may  bc  obtaiiuxl  in  a  pure 
condition  by  fusing  phenol-o-sulphonic  acid 
with  24  moleoular  proportions  of  caustic  potash 
at  320°-330'';  the  yield  is  20  p.c.  of  t!ir  fhcore. 
tieal.  By  using  less  potash  or  a  io>\er  tempera* 
ture  a  smaller  yield  is  obtained. 

Pyrocatechol  cryHtallises  from  benz<;ne  n« 
glistening  colourlct«M  plates  which  melt  at  104'' ; 
it  boils  at  240*  and  i>*  tJowly  vulatile  with  steam. 
31  1  parts  are  soluble  in  JOO  parts  of  Avatcr  at 
20°,  and  the  aqueous  solution  gives  a  green 
colouration  witli  ferric  (  hlnrich',  which  changes 
i  to  violet  on  the  addition  of  sodium  carbonate 
or  acetate  ;  thifl  reaction  is  characteristic  of  the 
orf ho-dihydroxy  derivatives  of  bcnrenr.  The 
aqueous  solution  gives  a  white  preeiinl*»le  with 
lead  acetate,  and  the  formation  of  thin  Halt, 
which  is  inM)luble  in  water,  is  used  for  the 
quantitative  estimation  of  the  phcuoL  The 
mit  can  he  dried  at  100^-110^,  sad  has  the 
oompoai^on  C«HiO,Pb. 

Vtrivatiets  of  pi/roeaUcM.  The  ethers  of 
pyr  ioatechol  are  of  conBiderable  inip<irtanre, 
and  many  natural  products  are  derivatives  of 
the  methyl  ethers  and  especially  of  the  methy> 
lene  ether   ?  TnT.noxAi.). 

GualtCOl  oil  r'sH,  UCHa,  Mui,  ..rigiiially 
prepared  by  the  dit>tillation  of  guaiacuni  rei^ia 
(Unverdorbcn,  I'ogg.  Ann.  1826,  8,  402),  anti  is 
also  obtained  in  large  quantities  by  the  distil!a> 
tion  of  wood.  It  is  best  derived  fruiri  the 
fraction  of  betchwoml  tar,  boiling  at  20O°-2^'* 
by  the  following  process  (Hhurfwetc,  Annalen, 
I8r)»,  10(1,  330).  The  fraction  is  re])eatedly 
shaken  with  nuKlerateiv  strung  ammonia,  then 
w  ashcfl  with  water  and  reetifiM.  The  pro<1uct 
is  then  dissn!,  mI  in  nn  equal  volume  of  ether, 
and  the  jiuttuiisiuiri  salt,  which  fieparatot  on  the 
additi' I)  of  a  .siiffht  eXCCKS  of  alcoholic  potash, 
is  waished  with  etner,  recrystalliied  from  alcohol, 
and  fmnlly  d<V')rapoi»ed  by  dilote  snlphuric  arid, 
Ouaiacol  may  Iw  obtained  syntlieti(  ally  by 
direct  methylation,  for  which  purpose  molecular 
quantities  of  pyrocatechol,  caustu  potash,  and 
potaarium  methyl  solute  eie  heatod  at  170^.. 
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180°  (Gurup,  Annnkii,  isf^S,  H7,  248;  B6hal 
and  Choay,  Bull.  Soe.  cluau  ieUJ,  [ui.]  d,  142). 

The  barium  salts  of  ffiuuaool  and  creosol  (the 
mono-methyl  ether  ol  nomo-entechol,  3:4-(li- 
hydrozy-l-methylbcDzene)  aru  much  lens*  .soluble 
in  water  than  tnoaa  of  the  iulmlxed  ph<  luLs,  and 
ft  prooeni  for  the  separation  of  these  substanres, 
d^wnding  on  this  proiwrty,  has  been  appUed 
teohmoallv  (D.  R.  P.  66003,  90).  l3eechwood 
tor  (40  kiloft.)^  is  mixed  with  barium  hydroxide 
(M  kOos.)  and  ISO  litna  of  hot  water.  On 
OOoliri:,  t!^e  eryf-tallinc  magma  is  filtered  off, 
pressed,  washed  once  vdih  water,  and  the 
guaiaool,  wUeh  in  mixed  with  more  or  less 
croosol,  soparate.d  liy  the  addition  of  Iiydro- 
ohloric  acid  and  subiiequontly  steam  distilled. 
The  distillate,  on  treatment  with  aaneona  potash, 
give*  the  sparingly  soluble  salts  ol  guaiacol  and 
ereosol,  the  two  phenols  being  finally  separated 
by  di.HtiIlation. 

Guaiacol  haa  only  within  oomuaiativeiy 
reoent  timea  been  obtained  in  »  elwaiteally  pore 
condition  (B^hal  and  Choay,  BolL  Soc.  chim. 
1 893,  [iii.]  9, 142).  It  melts  at  28*ff*  and  boUs  at 
^05^  diMMilTee  in  60  vohimea  of  water  at  15**, 

and  hii.H  ?p.gr.  1'143  at  16°.  A  1  p.e.  solution 
lu  alcohol  gives  a  blue  colouration  with  ferric 
chloride,  changing  quickly  through  groan  to 
ytOow*  When  heated  with  phosimorua  penta- 
ohloride  it  is  converted  into  o-cnloranisole ;  a 
reaction  by  which  it.s  rehitioiusliip  with  pyro- 
catechol  and  its  orientation  was  origmally 
determined  {FiMi,  Ber.  1878,  11.  1461). 

Veratrole  C,H4(0CH,)„  {pyrocatechol  di- 
methyl  ether,  i :  2*dijnaethoxgrbenzene)  ia  obtained 
by  the  dfetiUation  of  yeratrio  aoid  with  baryta 
and  also  by  the  iiiethvlation  r)f  tlie  p<jta3'iium 
salt  of  guaiacol.  It  melts  at  22-5%  boils  at  206% 
and  faaa  •p.gr.  I'OSl  at  SI'S". 

Other  ortho  dihydrlc  phenols.  Two  methyl 
derivatives  can  be  derived  from  pyrocatechol 
by  the  entranoa  of  a  methyl  group  into  the 
beoMoe  ring,  namely 

CH, 

I.   }0H  [  ;oH 


(Ris,  Ik'r  JH80,  19,  2206).  With  o-amiiiopht  uois 
they  yieia  phenoxuziiies,  is  illustrated  by  tiie 
formation  of  phenoxazine  from  pyrocatechol 
and  •  o-aminopheool  (Bemthaen,  ibid.  1887,  20, 
942) 

NH 


OH 


OB. 


+ 


Thi  y  .-i!go  yield  thiodiphenylumines  when 
treated  with  o>anunothio  phenols  (Bemthsen, 
ibid.  1887,  19,  3266). 

Other  typical  condensations  may  be  illus 
tratcd    by   the   fOTmation   uf    alizarin  from 
phthalio  anhydride  and  pyrocatechol  with  ssul* 
aoid  (fiaeyar  and  Gato^  Ber.  1876,  7, 


CO  OH 


The  first  is  ieohomopj/rocatechol,  2 :  S-di- 
hydroxy-l-methylbenzonc,  which  melte  at  47" 
and  boUs,  with  partial  ilecomyvnsition.  at  23S''- 
240°.  'i'he  second  i.s  hoiiyx/iUchol,  3 : 4-tli- 
hydroxy-l-raethvlbeii/ene,  melting  at  01"  and 
boiling  at  261^-262".  ITio  methyl  other  of  this 
substance,  ereo%ol  (4  -  hydroxy  -  3  -  niethoxy  - 1  - 
methyl  benzene),  accompanies  guaiacol  as  a 
oonstituent  of  beechwood  tar ;  it  boila  at  221''- 
222*  and  has  sp.gr.  Mil  at  0*. 

Reactions  of  ortho-dihydric  fk/OuHs.  Apart 
from  the  special  reactiona  alraadv  mentioned, 
the  ortho'dihydrozy  derivati'ves  of  benzene  are 
characterised  by  tin-  fclIi'Mini:  properties. 
When  treated  with  o-phcnylenediamino  they 
yield  phenanoea  or  derivativea  of  thia  anb* 
stance.  Tbw  pymoatechol  givea  phcnazine 

N 

If 

(Phanaiioe.) 


OH 

/\    CO.  ^  /\0H 

(Alterta.) 

and  by  the  production  of  a  phthalein  from 
pyrocatechol  mm!  phthalio  ao^dnde  in  the 
preeenoe  of  iSsm  eUoride  at  14Cr  (Baeyer  and 
Ko<  hen  !5rf  r  r.  Bet.  1889,  22.  2196). 

ResorclDOi  C^4(0H).  (Reeorcin,  1:3- 
dihydrozybenzene)  was  first  obtained  by 
Hlasiwetz  and  Barth  (Annalen,  1SG4,  130,  3rj4) 
by  iuelting  certain  resins  (galbanum,  &c.)  with 
potash,  ft  is  prohabie  that  all  reaioa  which 
yield  umbelliferone  on  dry  distillation  react  in 
this  manner  (c/.  ibid.  1866,  139,  83,  100).  Be- 
sorcinol  oan  also  i>e  obtained  from  benz-eue- 
disulphonio  adds,  halogensulohooic  acids  and 
balogenphenola ;  it  is  prepiired  on  the  tedinical 
scale  from  8o<lium  benzene-m-disulphonatc  by 
fufiiun  with  caustic  soda  (Muhlhauscr,  DmgL 
poly.  J.  1887»  26S,  164).  T\m  preparation  from 
benzene  is  thus  described  by  Bindschedler 
and  Buseh  (Mon.  ScL  1878,  1169;  J.  lt>78, 
1137).  To  prt;pare  benzene-m-disulphonio 
acid,  90  kilos,  of  fuming  solphurio  acid  are 
placed  in  a  cast-iron  veesel  provided  with  a 
stirring  apparatus,  and  attaclicd  to  a  reflux 
condenser,  and  24  kiloa.  of  pure  benzene  are 
gradually  run  in  with  conataiit  etininff;  the 
temperature  pr.uhially  ri>e.s  to  Ihe  btiilinp  point 
of  ben2!.ene,  and  iu  the  cuuiou  of  two  to  thrc« 
hours  the  benzene  is  completely  convert€<l  into 
the  mono-i-ulphonic  acid.  The  reflux  Condenser 
is  then  removed,  the  vessel  attached  to  a  oou- 
denaer  arranged  in  the  ordinary  way,  and  the 
temperature  raised  to  275°  in  order  to  convert 
the  mono-sulphonic  acid  into  the  disnlphonic 
acid.  Any  benzene  which  corner  utt  with  the 
water  formed  at  thia  atage  of  the.  reaction  ia 
collected  in  the  receiTer.  After  heating  for 
about  20  minutes  ;it  this  f  einpefiiture,  the  nja>> 
is  allowed  Ui  cool,  then  poured  into  2000  litres 
of  water,  nentraliaed  with  milk  of  lime^  and 
converted  into  the  sodium  salt  in  the  usual  way, 
the  solution  of  the  salt  being  subsequently 
evaporated  to  dryness.  To  obtain  resorcinol 
from  this  product,  60  kilos,  of  the  completely 
dry  sodium  salt  are  added  to  150  kilos,  of 
eaustic  soda  dissolved  in  the  enuillest  po^wible 
quantity  oi  wi^,  and  the  mass  heated  at  270° 
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'!i  rt  cast  irnn  ve?Pol  with  contintial  stirring  for 
ivi}m  8  to  9  houra,  during  which  time  it  kiecomefj 
gradually  Bemi-aolid  and  finally  solid.  On 
cooling,  it  13  dissolved  in  HOO  litres  of  boil- 
ing water,  the  solution  acidiiiwl  with  hydro- 
(  Jiit.tric  or  ptUphuric  acids  and  boiled  until  all 
salphur  dioxide  hag  escaped.  The  tany  nuiMer, 
whloh  is  deposited,  to  ffltered  off  from  the  oold 
solution,  and  the  fil'iMtf  thorou[;hly  extracted 
with  eti^r  in  a  cupper  extrtMJtion  apparatus, 
the  etiier  being  subsequently  distilled  off  and 
recovered.  The  crude  resorcinol,  obtained  in 
this  manner,  is  a  ooloudees  crystalline  luass, 
which  can  be  freed  from  traces  of  ether  and 
water  by  heating  it  in  an  enamelled  vessel  at 
215°.  It  then  forms  a  hard  brittle  mass  con- 
taining 02-94  p.c.  of  resorcindl  together  with 
aome  phenol  aad  about  5  p.c.  of  taixy  matter. 
To  me  it  from  thew  imprnMes  it  ia  diatOkd, 
water  cominf^  over  first,  then  pheniil  nnd  Bnally 
resorcinol.  Tt  can  be  further  purified  by 
sublimation  or  rcorystallisatioii  from  benzene. 
Rosoroinol  may  also  be  prepared  from  m- 
aminophenol  through  the  diazo  compound 
(Baixtttn,  Ber.  1878,  11.  2101). 

Resorcinol  crystallisos  from  benzene  in  Inrjte 
colourless  needles  which  melt  at  119*;  it  boils 
at  27()-5'',  anti  i.s  slowly  volatile  with  st'Civm  : 
100  parts  ol  resorcinol  dissolve  in  67-0  parts  of 
water  at  12*8*.  The  amieons  sohition  f^t^m  a 
dark  violet  cr^lonr  with  ferric  nhlnrirln  which  is 
discharged  on  the  addition  of  Bodiuin  acetate, 
tt  ^ee  no  precipitate  with  lead  aeetat«  and 
can,  by  this  means,  be  '^i8tin<?^i?^H  from 
pyrocatechol.  Resorcinol  gives  a  voiuminoui- 
precipitate  of  tribromresoroinol  with  bromine 
water  and  redneea  both  ammontaoal  sttver 
flttrate  aolntion  and  Veliling's  solution  iHwb 
warmed.  On  fusion  with  potash  it  i«  converted 
into  a  mixture  of  phlorocluoinol  (60-70  p.c), 
pvTocatechol  (3-3  p.o.)  and  dtweofolBcl  (1*0  p.c.) 
(darth  and  Schroder.  P.er.  1881.  12.  503). 

When  lused  with  phthalio  anhydride,  re* 
soioiiial  is  converted  into  flnoresoein  and  the 
presence  of  small  quantifies  can  be  detected  by 
means  of  this  reaction.  The  tc^t  is  In-st  etTecteil 
by  dissolvinp  the  substance  in  dilute  ammonia 
and  pouring  the  sotntioa  into  a  large  vdiume  of 
water,  when  the  preeenoeof  ies(»oifldiaiiidieated 
!  f!i  f ornuition  of  a  yellow  sohition  ha^dng  u 
line  green  fluorescence. 

Msoroinol  and  its  analogues  (the  amino< 
phenols,  kc.)  are  extensively  used  in  the  pre- 
paration of  colouring  matters  («««  Pybokink 
CQiLOUBmo  MATTms).  It  combines  with  dia- 
zoninm  salts  forming  oxyazo  ooloiuing  matters 
of  which  Sudan  0  is  a  type 


Carobbio  (Chem.  Ztntr.  1906,  [ii.l  632)  and  by 
Silbermann  and  Ozuroviu  {ibid.  lw)8,  [ii.1 1022). 

General  propertiet  of  the  nuUhdikffirw 
■phrnoU.  The  tendency  for  the  phenols  to  renct 
in  the  keto  (hydroaromatic)  form  increases  with 
the  entrance  of  hydroxyl  groups  in  the  mcta- 
position.  This  tendency  is  therefore  exhibited  to 
a  greater  extent  by  resorcinol  than  by  phenol 
G-OH  CO 


ch/Vjh 
6fi 


ohIl  Jco 


and  is  »hown  to  a  mwdk gnater  degrea  by  pUoro- 

glucin  (q.v.). 

Although  the  keto  form  of  reeoroinol.  is  not 
snfiioiontly  sldble  to  cmipe  this  Hubstanoe  to 
react  witll  the  usual  kui<siii'-  reagents  (hydroxyl- 
amine,  Ac),  yet  there  is  no  d«mbt  that  the 
formation  of  C-alkyl  derivatives  by  the  action 
of  alkyl  iodides  on  the  sodium  salt  of  resorcinol 
{cj.  Hcr/.ig  and  Zeisel,  Monatsli.  1889,  12,  191, 
3G8;  Ciamician  and  SUber,  Qazz.  chim.  ital. 
1808,  28,  2,  66)  is  dne  to  the  plMnol  reacting  in 
its  keto  form. 

It  has,  moreover,  been  found  by  Morling 
(Atmalen,  1893,  278,  20)  that,  unlike  phond, 
resorcinol  i«  readily  xedvosd  by  eodiom  amalgam 
to  dihydrcresorcin 
OH  CO  CX> 

I  JoH    chII   €0      ^  CH,  ;co 

CH,  CH. 

(DOiydroresorolii). 
a  typical  alicvcHc  diketonc  which  has  been 
pceparod  by  Vorii^oder  (tier.  1897,  28,  2348; 
Annalen,  1807, 2M,  269)  by  the  sfition  of  sodhun 
on  «thvI-7-acetobutyiate 

COOCjH,  CO 


ICO" 


C.H.N=N— <  /OH 

OH 

Siulnn  n . 


but  these  compounds  have  Uttlo  technical 
importance. 

Resorcinol  mfiy  be  estimntcd  quantitatively 
by  titration  with  bromine  wut«r  «»r  by  moans  of 
a  Mention  of  bromine  in  alkali,  as  in  the  case  of 
phenol.  The  inolhrKl  is  based  on  the  formation 
of  tribromre»oreinol  in  accurdauco  with  the 
eqoation 

C,H^(OH),-f  3Br,  ->  C,HBr,(0H),-f-3HBr 
Delicate  tests  for  resorcinol  are  described  by 


Ch, 

(Dibydroresoroin). 
The  meta<dihyclrio  phenols  also  met  with 

aquc'  us  alkaline  bicarbunatos^  yieldfalg  the 
salts  «i{  iiytlro:q?  acids  thti^ — 

C,H,(OH),+KHOO,->C,H,(OH),<X)OK+HtO 
(tr.  KosUnecki,  Ber.  1885,  IB,  3203). 

IJomohyfUAB  oj  rtAorcinol.  There  are  three 
uoiisiblc  dihydroxytolucnes  which  can  be  formed 
by  the  entrance  of  a  methyl  group  into  the 
nuoieus  of  resorcinol,  namely'^ 

OH  OH  OH 

ChI  ^OH         ^OH  'xJoH* 
CH, 

fOrcJnol)  iCresorclnol) 

T  n.  Til. 

Ordnol  (3:5'  dihydroxy  - 1  •  methy Ibensene) 
was  diseovered  by  Robiquet  in  1829,  and  Is 
found  in  msiny  lifiheiis  {EocrUa  tinctoria, 
Lccanorti,  &c.).  It  is  {oniicd  by  the  elimina- 
tion of  carbon  dioxide  from  orwilinic  aoidf 
upon  fusing  extract  of  uloes  with  polaah-^ 
C,H,(CH,){OH),COOH 

C,H,(CH,)(OH),+CX), 
(Oroknl). 


biyiiizca  by  GoOglc 
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00 

CH],  hOH 

CO 
Quinone. 


nnd  cnii  nlnn  bo  prepared  synthetically  fmm 
toluene  (Ber.  1882,  15,  2992).  It  va  abo  formed 
by  the  action  of  8<xliuni  on  ethvl  MMiouedi* 
oarboxylat©  Hind.  ISSO,  in,  1410)/ 

Orcinol  crytitalliin:si  £n>m  water  in  jnijiuih 
containing  wat<;r  of  cryMtallisation  v  liich  begin 
to  melt  at  about  66°  in  their  hydratcd  state ; 
irhen  anhydmoB  it  melts  at  107°- IDS'".  It  giveA 
a  violet-I'lick  colouration  with  f.-rrii-  <  IilMridc, 
bat  does  not  yield  a  phthalein  whoa  fused  with 
phthalio  arihydride.  Its  alkaline  solution,  triten 
warnuHl  with  chlorofrirra,  gives  a  bright-red 
liquid  which  shown  a  strong  yellowish-green 
fluorescence  on  dilution  (homoflnorescein  re- 
action). Grtmrcinol  (2 :  (  (lihvdroxy-l-incthvl- 
boniene,  formula  II.),  nults  it  102''-104  and 
boils  at  267'='-270°;  2  ■A\-'Uh>idTn.ni.\-methylhen- 
zene,  formola  IIL,  melte  at  63*^-00°.  Both  the 
aboT»  oompoands  give  the  (luoranoein  reaction. 
p-Xtfton  hinl  f/9  (irciti()I.  3  :  r»-(lihydroxy-l  :  4-di- 
methylbenzone),  is  formed  by  the  deComPO«ition 
of  barbntic  acid ;  it  meltB  at  163^  and  noib  at 
277" 

Hydroquinone  CgU4(0H)a,  (Quiuol,  I  :  4- 
dihydroxybenzcneK  The  pafa>dihydfOxy  de- 
rivatives of  benwne  possetw  the  pro]H>rty  of 
readily  loosing  two  atoms  of  hydrogen  in  the 
presence  of  oxidinng  agonta  and  paoing  into 
quinonee  (q.v.) — 
COH 

OOH 
Uydro^uinono. 
Tbov  ate  therefore   named  hy(boquinone». 

Hydroquinone  wa.n  first  prepared  by  Caventou  ! 
and  Pelletier  from  quinic  acid  on  dr>'  distilla- 
tion, and  was  further  investigated  by  Wohler 
(Aunalen,  1844,  61,  146).   It  occurs  naturally  j 
in  the  ini)i;ar*baih  (Pmlm  m^ifera),  a  shrub  of 
common  o<  <  iirn  luc  in  South  Africa  (Hesse,  iljid.  * 
18%,  21H>.  317).    It  can  be  obtained  ftvntheti-  i 
>  itih  by  a  number  of  prooesses,  of  wnieli  the  | 
follo^\  ill::  i*rr  the  more  inipfirtanf .    Prom  phenol  j 
bv   oxululion   with   alicahac   jtutassium  per- 
sulphate  (1).  R.  P.  810«8,  1895;  Chera.  Fabrik.  i 
vorra.  E.  .Sobering) ;    by  fusing  p-io<lophenol 
with  jxitasb  (Korner,  Zeituch.  physicttl.  ("hem.  ' 
186»>.  0(i2.  731);  and  from  p-dia/xtphenol  aul- . 
phato  when  boiled  with  10-15  }>.c.  sulphuric- 1 
add  (WoHoklcy  and  Sehuler,  Ber.  1876,  0.  Ilf59).  | 
It  is  nlsa  fiirnii  rl  \*  Vm  ti  fhi  ^:l^)^nsI'I^  nrlmtin  is 
hytlridv.-ied   by   b<»iiing  <liiute  .sulphuric  acid 
(Kaw-ftlii  r.  Annali  n.  !«;i2,  84,  358:   Strocker,  t 
ibid.  18.'»S,  107,  22S)  and  is  piofhttff!  ftv  ihr 
eh-rtrolytic  oxidation  of  Ixiizeiu-  in  alcohol-  : 
sulphuric  acid  .-iolution  ((Jnttcrniann  and  ¥Vipd-  i 
richs,  Bit.  18M,  27,  1942).   It  ha    U;m  pre-  i 
pared  from  ethyl  auocinato  Ihnm^Ji  ethyl 
SUifinusucciniilc  (Hermann.  .Anniilcn,  211,  33ti). 

The  preparation,  of  hydroquiiiuue  ia  boat 
t-lh-ctod  by  the  oxidation  of  anilme  in  the 
following  WHY.  A  c<«nff  ntratfd  aqueou.s  .«olu- 
tion  of  sodiuni  <lirlirr)rnate  i«  (»ra<hially  added  to 
a  woll-coolfd  (5-10  p.c.)  solution  t>f  1  part  of 
aniline  in  8  parU*»  of  sulphuric  acid  and  2.5  partf 
of  w»t<T.  The  mixture  at  lirit  Ik-cohk-.s  arj^Mi. 
and  (owanlM  th(^  <'iid  uf  tlu-  o]>  rft<i  'li  .  p 
blue*  blaok ;  a  further  addil  ion  uf  the  dii-hrumale 
Holution  bringH  about  the  wjlution  of  the  greater 
part  of  iho  precipitate,  and  a  brown,  Itirbid 


Hqiiirl    is   obtained   containing   qninono  and 
.  quinhydrone  in  suspension.   The  quinone  and 
I  qninhsralrone  are  then  reduce<l  to  hydroquinone 
'  by  passing  sulphur  diuxido  thruugK  the  liquid 
until  it  smells  of  sulphurou.H  acid,  tlie  suspended 
matter  is  filtered  off,  and  the  hydroquinone  ex- 
tracted from  the  filtrate  br  maaiu  of  ether, 
which  is  siiheequently  di«tilled  off.   The  yield 
of  crude  hydroquiiujm-  uiidrr  tip  e  coiulitions 
amounts  to  as  much  as  85  p.c.    In  order  to 
purify  the  prodvet  it  is  diflwlvcd  in  the  smallest 
{Vissiliic  amount  of  water.  tht>  solutio!!  Voili  tl 
witli  aninml  charcoal  and  a  little  hulphuroua 
acid,  tiltcred  and  allowed  to  crystallise. 

Hydroquinone  is  dimorphous.  It  crystal. 
Uses  itom  water  in  colourless  hexagonal  prisms 
which.  <ui  heating,  subUme  in  inoiioclinic  scales. 
It  melt^iat  109*'-!  70**  and  boilaat^ad'CTSOmm.) ; 
loo  parte  of  a  solution  of  hydroquinone  aatur- 
ated  at  1.^*  contain  S-Sfi  parta  of  the  ]ih(niol 
and  it  is  readily  soluble  in  alcohol,  ether,  and  in 
hot  water.  Ferric  chloride  ooiiTeita  it  into 
quinone  and  qtiinhydrone,  and  an  nquooue 
solution  gives  no  precipitate  with  lead  acetate. 
Ita  alkaline  solution  becomes  brown  on  < 


to  the  air.  It  reduces  Fehlin^'s  eolation  in  the 
cold  and  ammoniacal  silver  nitrate  eolation  on 
warming,  o win p  to  the  formation  of  quinone,  and 
this  oxidation  to  quinone  i«  oficctcd  by  nitric 
aeid.  eUorine  or  otiter  oxi^aing  agenta. 
When  its  vapour  is  passed  thmuj^li  a  tube 
heated  to  n-dness,  it  is  transforim-d  into  quinone 
and  free  hydrogen  (Hesii^e.  \i  i  dcjn,  1860,  114, 
297).  When  heatrd  with  phthalic  nn hydride 
and  sulphuric  acid  it  yields  quinazarin,  and 
when  heated  with  phthalic  anhydride  and 
zinc  chloride  it  ia  oonverted  into  the  oolourleas 
hvdroquinonephthatein  (Qvimm,  Ber.  1873,  6. 
506). 

Homologma  of  hydroquinone  are  usually 
named  after  the  parent  hydrocarbon.  Tolu- 

hydrnquinonr,  U,H,(CH,)(OH )<  (2:  r>-dihydroxy. 
I-methylbcnsene),  is  of  intercsst  Ix-cauine  it  \n 
formed  by  the  action  of  hot  dilute  fiuljjhunc 
acid  on  p-t<dylhydiocigrlaaune  (Bamberger,  Ber. 
1805,  28,  246)^ 


CH, 


I 

\ 


I 


K  11(011) 


OH 

t  I 


Tl  melts  at  12.'>*. 


ou 

(TelnhydnMinlnoiM.) 

Of  the  zi/lohtfdroqvirrnirv  fj^o 
or;ha-  compound  multe  at  221^,  the  meUt'  oom* 
P^xMid  at  IM*,  and  the  jiani-  derivative  at 

211°. 

The  trihydric  phenols.  The  three  theoreti- 
caliy  possible  tri hydroxy  derivatives  of  benaeoe 
are  known  ;  they  aro 

OH  OH  OH 

\jOH      i^  J      ohI  'oh 

ok 

(fyrogaiioJ.)    (Hyrtroxyqufnol.)  (Phloni«lucinct.) 
Pyro^lol,    C.H,(OH),    (pyiogaOic  aeid, 

I  :  2 :  3-trihydroxyi>enzene),  was  first  prepared 
by  iSche<'l<-  in  I7S6  by  tlie  <lry  distillation  of 
gallic  aciti— 

C,H,(Oll),('OfUl   -»  U,H,(0H),+CX)- 

(Galik  acid.) 

and  it  is  by  this  piooeos  that  ii  is  prepared 
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oorn'niprciftlly  fit  the  prosont  day.  It  is  also 
formed  from  a-  or  jS-puachlorophaQolsiiiphoiuo 
fiokl  by  huSxm  iritli  potasli  (PBtenen  nnA 

Pnrhr  Prcdari.  Annalen.  1871,  157,  136).  The 
preparation  of  pyrogallnl  i-4  usually  caixiod  out 
as  follovrs.  Gallic  acid  is  hcatod  with  2-<8tiinm 
its  weight  of  witcr  in  a  Hronze  digester  at 
200*-210''  for  about  bait  an  hour,  the  escape  of 
<'tir}x)n  (Ii(irirle  evolved  during  the  operation 
being  provided  for.  The  resulting  almost 
eolottriiM  Milntkm  of  pyrogallol  i«  then  boiled 
^vith  aiiiriial  charcoal,  filter'  I  the  filtrate 
rapidly  vvaporattHl,  and  the  mTogallol,  which 
crystallises  out,  distilled  onaer  a  preMnre  of 
20-30  mm.  Thr  vi  l  l  ig  practinallr  fheoretloal, 
Tn  order  to  obtain  the  phenol  cheaply  for 
Dhotographio  pqipoaen,  T.  E.  Thoips  (C^em. 
News,  43, 109)  recommends  that  lOprms.  of  pallic 
ttoM  and  SOgrms,  of  elvoerol  hi-  heated  at  1^- 
200*  as  long  carlxin  dioxide  is  evoIve<l.  A 
theoretical  yield  is  obtained  and  the  maes 
diMolved  in  a  litre  of  water,  gives  *  solntion 
^iiitntlr  f-ir  phototrmphic  work.  For  the 
pn  pnratioii  oi  p^Togaliol  from  2 : 6-dihalogen-l- 
phenol.4  solplioiiic  aoide,  ef.  B.  R  P.  S(FyS74, 
1907. 

Pyrogallol  forms  M-hit«i  lustrous  needles  or 
thin  plates,  melte  at  l:\2°  and  boils  with  partial 
decomposition  »t  210**.  It  is  soluble  in  2*25 
fmrts  of  wBter  at  ]3*,  has  a  bftter  taste  and  is 
[K)is<inous.  Jt  !•»  readily  solnl)I(>  in  ether  and 
in  alcohol  and  its  alkaline  aqueous  solution 
absorbs  oxygen  from  tlie  air,  beoominff  deep- 
brown  in  colour.  It  is  tipon  this  property  that 
the  employment  of  i\n  alkaline  solution  of  pyro- 
gMlol  in  gas  analysis  depends.  The  absorption 
of  oxygen  involves  the  deoonip«jf<ition  of  the 
phenol  into  carbon  dioxide,  aeetie  acid,  carbon 
monoxide  and  products  of  high  molecular 
wo^t ;  allowaaoe  must  bo  made  for  the  pro* 
dutfcioii  of  the  small  quantity  of  oariion  mon* 
ixirle  formed  in  tliis  manner  (see  below).  Cold, 
Silver,  and  mercury  Halts  are  rapidly  reduced  by 
ftyro^pdlol;  a  solution  of  a  ferrous  salt,  free 
from  any  truce  of  ferric  salt,  produces  a  white 
turbidity  when  atldetl  to  a  tiolutioa  of  pyro- 
gallol, but  if  any  ferric  salt  be  present,  a  blue 
oolouiatton  is  at  once  formed,  which  rapidly 
ohsnfes  to  a  broini«fed,  owing  to  the  oxidation 
of  the  pyrogRllol  by  the  ferric  halt  to  a  pnxluet 
giving  a  blue  colour  with  ferrouB  salts  (Jaoquo- 
mfai,  tbmpt.  rend.  1873.  77,  SOS).  IMo  salts 
in  cxcea=t  and  other  oxidif'tnp  ntrents,  such  as 
pota^iiiium  permanganate  and  chromic  aoid, 
oxidise  p^Togallol  to  purpurogallin  (Wichelhans, 
Ber.  1872,  5,  848).  a  re<l  compound  which  yields 
naphthalene  on  distillation  with  zinc  dust. 
When  heated  with  phthalio  anhydride,  pyro- 
gallol is  converted  into  gallein  (g.v.) ;  it  is  usual 
to  employ  gallic  aoid  In  the  preparation  of  this 
ff!ihstanoo  since  at  the  high  temiMTnture  of  the 
reaction  it  is  converted  into  pyrogallol.  Anthra- 
gallol  is  formed  vhsn  this  condensation  is 
effected  in  the  presence  of  a  condentiing  agent 
such  as  excess  of  strong  sulphuric  acid  (Seulx-T- 
lich,  Ber.  1877,  10,  42). 

The  empUn/mtnt  of  pyrogaUol  in  gat  annlifsiti. 
Tt  has  been  found  that  1  grm.  of  pATogallnl. 
«lisHolve<l  in  sfiin'oti-)  {M.l.ish,  \<  caiiililc  ot 
al)M»rbing  180*8  c.c.  of  oxygen  (hicbig,  .Viumlen. 
77,  107).  Oxyaen  is  most  raj^dly  alisorbod  by 
a  solution  of  either  0*25  grms.  ol  pyrogallol  in 


j  10  o.e.  of  aqueous  potash  of  sp.gr.  l-OCO  (Weyl 
and  Zeitler,  Annalen.  1880,  206,  256),  or  by  the 
same  amount  of  the  phenol  in  10  c.c.  of  aqueous 
caii.Htic  soda  of  sp.gr.  1'030  (Weyl  and  Goth, 
I  Ber.  1881,  14,  2659).   The  amount  of  carbon 
I  BMnoride  evolved  is  greats  with  puro  ox^-gon 
i  febaA  with  a  mixture  of  oxygen  and  nitrogen, 
I  being  about  3*6  p.c.  with  pure  oxygen,  and 
2*5  p.c.  with  air,  of  the  quantity  of  oxygen 
absorbed   (Calvert,   Cloe/    n  d  Bousin>,'aiilt, 
Compt.  rend.  57,  873:   Annalen,  ISM,  130, 
248). 

The  ethere  of  pyrogaUfd.  The  dimethyl  ether 
(pyrogallol  dimethyl  ether), 

C,H,(OH)(OCH,)j,  (OH:00H,  :OCH,=l:2:i), 

occurs  in  beech  wood  tar  cretvsote,  and  can  be 
isolated  by  treating  the  fraction  boiling  at 
260**-270*  with  benzoyl  chloride,  and  subse- 

3uently  dec-<jmpo>inc  the  crv^talline  henroyl 
orivative  (m.p.  118**)  with  alkali  (Hofmann, 
Ber.  1875,  8^  66;  1878,  11,  320:  1870.  12, 
1371).  It  forms  white  pri^m".  melt^  at  52*  and 
boils  at  25.'?*.  When  oxidiMeii  with  nitric  acid, 
ferric  chloride,  chlorine,  or  pn  ferably  chromic 
acid  in  acetic  acid  solution,  it  yields  oedtiret. 
The  iiiomeric  dimethyl  ether 

(OH :  OCH, :  0CH,=2 : 1 : 3). 

haabeeti  prepared  by  Qraebeand  Heanef  Annalen, 

1W.5.  340,  232)  l»v  heating  svrinu'ie  acid  at  240**- 
270°  ;  it  melts  at  M  S"  and  boils  at  262- 7**.  It 
is  converted  into  oedriret  when  oxidised  with 
sodinrTi  nitride  in  acid  solution. 

Hydroxyquinol,  ('H,(OH),  ( 1 : 3 : 4-trihy. 
droxybcnxene).  is  obtained  together  with 
diquinol  and  3-hexahydroxydiph^yl,  by  very 
rapidly  heating  hydroquinone  with  8-10  times 
it«  weight  of  eauHtic  soda  inilil  the  evolution  of 
hydrogen  has  almost  ceased  (Barth  and  Schredor, 
Monatsh.  1888. 4. 178 :  Hersig  and  Zeisel,  ibid, 
1888,  9,  140).  It  cry.'Jtallises  from  ether  in 
microeoopic  HoaloH,  iiiolts  at  140-5^  and  distils 
nitii  partial  deoomposftion  into  quinol.  Its 
aqueous  solution  becomes  rapidly  coloured  on 
exposure  to  the  air,  and  whi-n  treated  with  a 
drop  or  two  of  aqueous  ferric  chloride  gives  a 
transient  bluisb-greeiQ  oolouiation,  wliioh»  on 
the  addition  of  a  very  small  qtiantity  of  aqueona 
siiilium  carlK)iiate,  fH.H.'omes  dark-blue  and  cin 
the  addition  of  a  further  amount,  wine^ied. 
Tbr  an  aooount  of  the  derivatives  of  oxyhydro* 
qninnne.  compare  Bargellini  and  Avrutin  (C'hem. 
Zentr.  l»U,  [i.]  21«,  217).  The  trimethyl  de- 
rivntive  1:2: 4-trimethoxylx;nKene,  boilp  at  247* 
anfi  is  prcpan^l  by  the  action  of  <limethyl- 
sulphate  on  oxvhvdroquinone  triflcctsto  fSehu- 
Icr.  .\rch.  Pharm.'l907,  245,  262).  li  1  Ih  en 
used  bv  iieigrodski  and  Tambor  (ik-r.  1910,  43, 
1064)  ror  the  synthesis  of  2 : 8-diosyflavone. 

Phlorogluclnol,  (*,H,(OH)j  (1 : 3: 5-trihr. 
droxyl)enr>cne),  ih  obtainwl  by  fiwinp  with  potnhh 
certain  gluoosiiles,  as  for  cxatTipIr  phlorotin. 
whence  it.s  name  (Hlasiwetz,  Annalen,  1855,  00, 
120),  querritrin  obtained  from  species  of  Quercue 
(Hlasiwetz,  ibid.  1H59.  112,  08).  niaelurin, 
wiiich,  in  an  impure  form,  is  obtained  from 
fustic  (Hlasiwetz  and  P^imdler,  ^id.  IMS, 
127.  357),  cateehin.  kitm  flflarfiwetz.  ibid.  J34, 
I  IH),  dratfou's  blood  (HIaHiwetz  and  Barth,  ibid. 
1  K(V5,  134.  288).  gamboge  (Illamwels  and  Barth, 
•McL  1866^  188,  W},  and  sooparia,  a  yoDow  dye 
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obtoined  from  Spartimm  teopanan  (Hlaaiwetz, 
<Mf  190).   It  ia  *bo  obtftbted  bv 

fasine  benzene  tri-^ulphonic  acid,  phenol  (Bartn 
And  Bchrcder,  Ber.  1879.  12,  422),  reaoroinol 
(Buth  and  Sohr«der.  ibid.  1879.  12.  008),  or 
oroino!  (Bartli  nxu\  Schn-d.-r.  Motmtsh,  1882,  3. 
649)  with  an  excess  f)f  caustic  soda.  It  hits 
been  prepared  syntheticnlly  from  atliyl  malonate 
by  Baeyer  (Bor.  1886,  18,  3458) :  oomparo  also 
Mooro  (Chem.  Soc.  Trans.  1904.  85,  1661. 

Preparation.  It  is  best  prepared  by  fusiiij; 
Maoroiiiol  for  about  26  inmut«s  with  6  part«  of 
oatutio  sodA  at  a  inwdvally  incmaaing  tempera- 
ture until  (Tie  vigorouH  evnlution  of  pas,  which 
soon  aetA  in,  almost  ceases  and  the  ma^s  becomes 
a  bright  chocolate  oolottr.  The  maas  is  then 
dissdh'  il  in  water  and  the  solution  aciilified 
witli  dilute  hydrochloric  acid.  fiUer«*<l.  and 
oxtracte<l  with  ether;  the  ether  being  subee- 
quently  diatillod  off,  and  the  phlorogluoinol, 
■nliioh  Beparat««  aa  a  magma,  recrystalliaad  after 
piirifieation  with  animal  oharooal  (Bartb  and 
Schroder,  /.c). 

The  firodnot  usually  oontaina  aonie  reaowino!. 
whic  h  can  be  removed  by  heating  at  100*  and 
moistening  with  water  from  time  to  time  until 
all  the  resorcinol  ban  iH-eti  <^ublimad  (Tfamann 
anil  Will,  Ber.  1881,  14.  954). 

Phloroclucinol  can  bo  completely  freed  from 
re*<iireiiKil  and  diresorcin  by  boiling  with  a 
oonoeatrat«d  aqueoua  aolution  of  potasMom 
bioarbonate.  Under  these  cirowmstaoeea,  the 
potas.iium  salt  of  pbloroglucinolcarlwxylic  acid 
IS  formed  which  crystallises  in  neetlles,  is 
sparingly  soluble  in  a  solution  of  potassium 
ei^rhonftte  and  alcAhol.  and  when  added  to 
dilut43  hydrochloric  acid  gives  the  free  acid 
which  can  he  extracted  with  ether.  The 
oiyataUme  aoid  obtained  by  evaporating  the 
eth#ir  solntton  eliminates  carbon  dioxide  when 
boile<l  with  watf  r.  piire  phlorf '^hieinol  remaining 
in  the  solution  (Will  and  Albrccht,  Ber.  Id84, 
17.  2103;  Will,  ibid.  1880.  18,  IS23;  Sknup, 
Ifonatsh.  1889,  10.  721). 

According  to  Brunner  (Annalen,  1907,  351, 
SIS),  potassium  phlorogluoinolcarbozybte  is 
formed  at  the  ordinary  temperature  when  a 
stream  of  carbon  dioxide  is  passed  through  a 
mixture  of  the  phaiiol  and  potaaaium  oarfaooate 
in  glyoerol. 

Phloroglaoinol  nystalliaes  from  water  in 
colourle'is  tables  cnntaining  2H..0.  and  from 
ether  ill  large  rhombit:  plates.  Thei*e  Inno  their 
water  of  orystallisation  at  1 00",  forming  the 
anhydrous  rompound  which  melts  at  217*-219* 
when  rapidly  heaUni.  but  ut  200'*-209'*  when 
slowly  hentod  (Baeyer.  Ber.  1886,  19,  2186). 
It  eoblimee  without  deooroposition,  has  a  sweet 
taiit«.  roduoea  IFVhlfng'a  solution,  ia  readilv 
snliiMe  in  waf<-r.  alenhol,  and  in  ether,  and, 
accjonlinc  to  Tiemann  and  Will  (I.e.),  is  more 
readily  extracted  from  a  neutral  than  from  an 
acid  solution.  It  is  a  dihawie  and  fThielc  and 
Iloemcr.  Zeititch.  physikal.  Chem.  19<J»,  63,  711) 
and  its  alkaline  solution  ahsorba  ox.ygen  from 
the  air,  bot  less  rosdilv  than  p^Tojrnllol  (Weyl 
anH  Oolh.  Ber.  1881,  14,  2673).  Iti^  aqueous 
((VHi  .  i'r  it.  I)  solution  givea a  bltte«violet ooloor 
with  ferric  chloride. 

When  potassium  nitrate  ia  added  to  a  very 
dilute  solntitpn  of  phlon^i^lucinol  and  aniline 
nitrate,  a  cinnabar-red  precipitate  of  bcnzenc- 


azophlorogluoinol  is  formed  after  a  short  time 
(Weeehky,  Ber.  1875,  8.  967;  Weselsky  and 

Benedikt,  ibid.  1879,  12,  22G  i.  a  distinct  prpci}/i- 
tate  being  obtained  at  the  end  of  3  hours  with 
only  OHMW0  srm.  of  the  aubstanoa.  A  similar 
react  inn  is.  nowever.  profhiced  by  maclurin. 
deooctioii  of  fuiitic,  oatechin,  and  extract  of  hops 
(Weselsky,  ibid,  1876,  9,  217). 

Phloroclucinol  in  the  presence  of  hydro- 
chloric acid  gives  a  red- violet  colour  with  woody 
substances;  thus  a  solutioti  containing  O-Ol  p.c. 
of  phloroglucinol  oolouxs  pine-ehavingSy  moist- 
ened with  hydrooUorio  aoid,  a  distinet  red.  ai^d 
ft  fiolution  eontaininp  no  more  than  O-OOl  p.c. 
will  give  thia  rtsaction  if  the  shavings  ar(>  rillowed 
to  remain  in  the  solution  for  24  hours  (W'ie^iier, 
Dingl.  polv.  J.  1878.  227.  397  ;  Kielmoyer,  ibid, 
584:  Wagner,  ibid.  1S78.  22S.  173).  Phloro- 
glucinol solution  (1-30000)  gives  a  definite 
colour  with  WDodpttlp  paper  (Gross.  Bevwa  and 
Briggs,  Bear.  IWT,  40,  3119).  Unlike  pyro- 
gallol,  phloroglucinol  is  not  poisonous. 

The  detmotropism  <)f  pUoro^minoL  It  has 
been  already  stated  that  the  inoroaae  in  tiks 
number  of  hydroxy!  irrnup;'  in  the  mcta-positions 
in  the  benzene  nucleui,  increases  the  tendency 
for  the  compound  to  react  in  its  desmotropic 
form.'j.  It  is  therefore  to  bo  expected  that  in 
phloroglucinol  this  tendency  would  be  at  its 
maximum.  The  exix>rimental  facts  which  sliow 
that  this  phenol  reacts  in  the  two  dcsmotiopic 
fonm 

OH  00 


HOi^OH 


CO 


.CO' 


CH, 
(Koto-fonn.) 


(Phenol  form.) 

may  be  summarised  as  followa  ^— 

The  ■plniaJ  form  learl.R  to  the  lormatiou  of  * 
trioarbauilido  derivative, 

C,lIj(0-<JO-NH(;,Hj), 

when  phloroclucinol  is  treated  with  phenyliso- 

cyanatc  ( ( ioMsclmiidt  and  Mi  is-lcr,  Ber.  1890. 
23,  269)  and  causes  the  phenol  to  yield  weli> 
defined  o<aIk;I  dmivativea  of  tba  typer 

C.H,(OR), 

wlien  it  is  alkylated  under  suitable  conditinna 
(Benedikt,  Annalen,  1876,  178,  97;  Will  and 
AJbiraoht,  Ber.  1884,  17,  2107;  Herzig  and 
Zeiscl,  Monatsh.  1888»  0.  Hesse^  Annalen, 
!S9n.  276,  328). 

The  keto-form  leads  to  the  produotimi  of  a 
trioxime 

CH, 

HON:C,"^  C:N0H 
NOH 

when  phloroclucinol  is  treated  with  hydroxyl- 
amine  (Baeyer,  Ber.  1886.  19,  159).  It  is  a 
sandy,  crystalline  powder  which  deeomposea 
with  (  xplosive  viohnce  at  1.55*.  The  action  of 
phenylhydrazine  leadw,  iu  the  first  instance, 
to  the  forma  tiim  of  a  salt  whioh  on  long 
standinc  in  alcohol  passee  into  pheuoldis* 
hydrazo  benzene 
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186 


CO 

CH,^CH. 

o6l^co 

OH, 


CH„ 


0-N*MHC«H| 


'NcH 

CO!^  lC'N-NHC»H, 

CHi 


OH 


O'UH'NHCfHc 

•diCNH-liH-C.H, 


(BMjrar  and  Koohondoerfer,  Ber.  1889,  2189). 

The  keto-form  is  also  shoAra  by  the  rfadinesa 
witli  which  phlorofjlucinol  rcactii  with  oonoen- 
trat<  <l  aqui>ous  aimuoma  in  the  cold,  yieldingt 
firstly,  aiiiiiio>xe0oxoinol  (phlDrftmine,  3:&4i' 
hydro  xy>I«»infaio1>eiuene),  and  1^  fuHinr  Mtion, 
diaminophenol  (5-hydroxy>l :  3-diaiilinobeimne)t 
Pollak  (Moaatak  1893.  14,  401). 

Tetn-,  penta-,  and  hoxa-  alkylated  produciA 
aro  forni'xi  fmiTi  phloroglucinol  when  it  is 
alkylated  by  aikyi  iodides  in  the  presence  of 
•koholie  potesh.  The  alkyl  groups  m  these 
compounds  are  not  removed  by  hydriodio  acid 
and  are  therefore  attached  to  carbon.  Their 
constitution  may  be  illustrated  liy  the  hexa- 
methyl  derivative  which,  oa  heatingwith 
oonoentrated  liydirooblorio  add  at  ^  190^*  Ib 
tranRformed  into  r.arbon  dioxide,  diiMptopyl 
ketone,  and  tVobutyrio  acid. 

C(CH,). 

(Hna-methyl  derivativ*.) 

COCH(CH,).  COOH 

CH(CH,),  CIKCn,), 
(DliJtopropyl  ketone.)    (i«c>-nutyrlc  acid.) 

(Uerzig  and  Zeisel.  Monatsh.  1888.  9.  217.  882 ; 
1889,  10,  735 ;  1893.  14,  376).  Phlornglucinol 
is  reduced  by  sodium  amalgam  in  the  cold, 
yielding  phlorogiucibe  (ci/do>bezanetriol) 

HO'Ch/\,CH'OH 


The  dynamic  isomerism  of  phloroglnoiiiol  i» 
deaoribed  bv  HedJcv  (Chem.  Soc.  TnuiB.  1900, 

89,  730). 

The  tetraliydrle  phenob.  There  are  three 
theoretically  possible  tetrahydxozy  derivatives 
of ' 


OH  OH  OH 

,^.0H  ^  Oil  ^NOH 

'      OH  HO-^OH  HO^ 

OH 

(1:2:3;4)  (1:2:8:5)  a:S:4:5) 


all  of  which  have  been  prepared:  two  of 
thorn  ooenr  natwally  in  tlie  lonn  of  thdi 

ethers. 

1:2:3:4  Tetrahydroxyhenztum  (Apionol),  » 
the  pan-nt  suiistanre  of  the  apiols  {v.  OrLS. 
Esssntial).  It  hae  been  wepared  synthetically 
by  Binhom,  Ooblh^  and  neifforCBiBr.  1904*  87, 
119)  by  the  action  of  water  on  the  hydrochloride 
of  aminopyrogallol.  It  forms  colourless  needles 
from  benzene  which  melt  at  lOl*.  The  tetra- 
aceiyU  dermjdvr  lormn  nrrdles  melting  at  13t)*. 
The  phenol  is  readily  soluble  in  water,  alcohol 
or  ether,  and  dissolves  in  alkali  forming  a  pale 
yellow  solution  which  doea  not  absorb  oxygen 
from  the  air.  The  aqoeow  solution  given  ao 
intense  blue  colour  with  ferric  chloride.  A 

c{imelMmelMm««ther»  C«H,(OCH,),<^>CH, 

(Apione),  molting  at  79*.  is  formed  by  the 
oxidation  of  Potersilion  Apiol.  TclramU^iyl- 
apionol  G|H,(0CH,)4.  melting  at  89"*.  has 
hpfn  prepTH^d  by  Ciamician  and  Silber  (Bor. 

!  181)6,  2f),  18US);  it  i^  i>robably  identical  with 
the  ether  prepared  from  the  free  phenol  and 

I  dimethyl  sulphate,  which  melts  at  83"  (c/. 
ESnhom,  Ooblmger  and  FfeiAsr,  I.e.  108). 

1:2:3  M'Telrahydroxybenzene  (oxyphloroglii 
oinol),  is  formed  from  picnric  acid  by  reduction 
and  elunination  of  the  amino  groups  by  boiling 
the  hydroohloride  of  the  amhio  oompoond  with 
water 


OH 


OH 


0,Nf     NO,    H,N/  ^NH,^ 


OH 

HO,  |0H 

OH 


CH, 


;gh, 

(5hoh 

(Phloroghtclto.) 


(W.  WisUoenus,  Ber.  1894,  27,  357). 

The  tendency  for  derivatives  of  the  phenol 
form  to  paw?  into  derivatives  of  the  keto-  form 
is  illustrated  by  the  behaviour  of  phloroglucinol- 
triacetate  which,  on  heatinL'  with  an  equal  part 
of  zinc  chloride  for  3  hours  at  130%  passes  into 
triaoctotrilnitohoxamethylenc,  thus— 


OAe 

\ 

AoOl  jOAo 


00 

AcCH^^CHAo 


(HeUer  Ber  im,  42, 2736). 


00> 


CO 
OHAfl 


In  the  flrat  in8tsnoe»  the  trihydroxyamlno> 

benzene  C,TT,(0H)j— NH„  b  formed,  but  on 
heating  with  water  at  160*  the  remaining  amino 
group  IS  eliminated  (Will,  Bet.  1888,  SI,  609, 

i  2020). 

j      The  tetrahydric  phenol  forms  slender  needlos 
j  melting  at  165**,  ana  the  aqutous  solution  gives 
a  doep-red  coknir  vi'h  ferric  chloride.  The 
monanuihylether  {■2-invi lioxy-1 :  3 :  5-trihydrox>'- 
'  benzene,  tVrfoi),  is  formed  by  the  decomposit  imi 
of  the  gluooside  iridim  (from  violet  roots) ;  it 
forms  white  needles  widoli  melt  at  186^  and  are 
:  rcailily  soluble  in  water.    The  trimet?n/l  ether 
'.  (1 :  2:  3-trimethoxy-6-hydroxy benzene)  lias  Ixfn 
preparefl  bv  Graebe  and  Snter  (Annalen.  1!H)5. 
I  34rt.  2221  "  It  melts  at  146*  ond  is  iilentical 
I  with  Ktlmni's  antiurul.    For  other  derivativca 
!  of  this  phenol,  see  BaigeUini  and  Bini  (Chem. 
'  Zentr.  1911.  i.  302). 

J      1:2:4: 5-Tetrahydroxybenzetu;    is  formed 
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from  rt'^orciiiol  in  a  mann«r  whioh  i»  iiuUoftted 

bv  tho  fol lowing  »chemt!  :— 
OH  OH  OH 

^  '\j0H^ 

(dbuo  compoand).  (reduction). 


0» 


<^  "ho  ^ 

o 

( I  )i]iy  (Irox  vq  u  inone .) 
III. 


HO,/  ^ 


^ym-Kfi^ftrcinoldkazobcnzeuu  (1.)  in  forme<l 
Nby  the  action  of  bentcne  diaxonium  chloride  on 
rr^oreinol  in  the  presence  of  excess  of  cfiu-(io 
alkali.  ThiHiMre<lucedtodiaminore.sorcinol  (11.), 
which  yiohls  (liimmoreBorcinol  on  oxidation,  a 
nnbRtance  which  in  W)nverted  into  clih\-drox>- 
quinone  (III.)  on  treatment  with  oau.stic  alkali : 
the  !a>i -luuiiitl  compound  is  re<lucod  to  tlu' 
tetrahydno  phenol  by  sUnnoos  chloride.  The 
tetmhydrozybenzene  fomu  frlistening  lwflet« 
which  mrlt  V.rtwr.  ii  21.';'' and  :  the  aqueous 
tK>lution  becoiues  rapid ly  bro\vn  on  exposuro  to 
the  air  aitd  is  at  once  oxidiaed  to  dinydiozy- 
quinone  bv  ferric  chlorid'^. 

Pentahydrlc  phenol,  ihere  it>  only  one 
theoretically  possible  pentahydroxy  derivative 
of  beDBene,  namely — 

OH 

/''■"■,()H 
H0'\  ^OH 

OH 
(1 : 2 : 3  :4  : 5) 
1 : 2:  S:  4:  S-Pffiiakifdroryf)enzrrif.  A  su  betance 
having  this  coiwlitution  h^s  Im  i  h  <1i  -(  rilx'd  by 
Wensseland  Weidel  (Chem.  Zi  utr.  lSX>;i  tii.J  829) 
ae  forming  ooloiu-less  crystnl.s  iniKjluble  in  all 
the  usual  organic  solvents.  Different  pmperticB 
Hr«'  (liven  to  this  coni])ound  by  Einhom.  (V»b- 
linyer  ami  Pfeiffer  (Ber.  UM)4.  .37.  122).  who 
prepared  it  by  the  action  of  water  on  the  hydro- 
ohloride  of  4: 6-diaininop\TogaUol 

OH  '  OH 


H,N, 
H  ,S[ 


•OH 
JOH 


HO 
HO 


\ 


'  oir 

OH 


It  furms  microsoojuo  needles  when  orvatai- 
Itaed  from  benzene  which  are  readily  miuMe  in 

elh«'r.  iilrMhiil.  (»r  cthvl  acetate,  niul  wJiiili 
blacken  w  hm  heated.  The  aqueous  solution  gi  s  va 
adark-rod  brown  oolonr  with  ferric  chloride.  The 
jt,  >,t,i  rtrrttfl  diriv<itivt  fomiH  colourlex.s  needier 
which  raelt  with  «liconnK)Hition  at  Itia*. 

Tho  only  hemhiftinc  phenalf  hexahydroxy- 
Ixnizenc  (.',(^'11),.  has  been  prepares!  by 
Nietzki  and  BenokiMT  (Ber.  1885,  18,  499. 
18.33)  from  the  diHoctyl  deriTativo  of  hydro- 
quinone  in  the  t  olio  wing  way — 
0 

OAo  j|  OH 


OH 


O.N 
Hi). 


OAt 


II 

O 

(1.) 


OH    .  H,n/^,OH 


HO 


OH 


CO 


CO,  ^;('0  _^  HO/  \0H 
CO      'cO   ^  UOt  JoH 

CO 
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The  diacotyl  derivative  is  converted  into  the 
f«o-oalled  *  nitranilic  add  '  (I. )  by  the  action  of 

nitric  and  sulphuric  acids  ;  tins  is  thtu  rcdiK  ed 
to  diarainot«trahydrozy benzene  (U.)  which  ia 
oxidised  by  meana  of  nitrio  aoid  to  triquinoyl 
(III.);  the  latter  ia  then  rt<luocd  by  atannous 
chloride  to  hexahydroxy  buajuine  (IV'.).  Tho 
hesahydhc  phenol  forniH  long  ncedlea  which 
cannot  be  obtained  ct)mplf  t«'l\  nulourless  ;  when 
heated  it  liecomesj  dark-grtjy  at  about  200" 
without  melting.  It  is  sparingly  soluble  in 
cold  wau-r,  but  readilv  diwolvea  on  waimingt 
and  is  sparingly  sofaible  in  ahwho1«  ether,  or 
l)en«ene.  The  aqueous  solut  ion  Ik'cuiucs  (juickly 
red- violet  on  exposure  to  the  air  an«l  at  once 
reduces  silver  nitrate.  It  is  oxidised  by  oon- 
rrntratc<l  nitric  acid  to  triquinoyl  and  when  ita 
alkaline  solution  i8  treated  with  air,  it  is  con- 
verted into  ti-traliydroxyquinone.  The  eotit^n 
of  dilute  alkali  yield.n  |Kitasj4ium  croconate,  and 
acetic  anhydri«le  produces  the  kexa-acetyl  dcrivA- 
tivc  which  melts  at  203"  (Maquennc,  Bull.  Soc. 
chim.  1887,  48,  64).  The  {wtawium  salt  of 
hezahydroxyfaenzene  is  ideDtioal  with  'kohlen* 
oxydkalium,'  which  ih  prepired  by  tho  action 
of  dry  carbon  tnonoxiuc  on  melted  potassium 
(Gmelm.  Fogg.  Ann.  1826^  4,  35).  J.  F.  T. 
PHENOL  COLOURniQ  MATTEBSv.  OZAsnri 

COLO  U  ION  a  MATTSBS. 

PHBNOL  CORALLOI  v.  AvBOff. 
PHENOLPHTH  AIJ9(||«.  TKOmriMKauatM 

COLOTTKINO  MATTBBS. 

PHENOPHENANTHRAZINE  v.  Azimes. 

PHENOSAFRANINE  r.  Azixia. 
PHENOSAL  i;.  SvMTUXTic  dbuos. 
raBKYFORM  V.  BYwrmmc  obvos. 
PHENYL.    Under    this    hrn-Ii-icr    will  t>e 
described  the  monohubstituteti  derivatives  of 
lx>nzene,  having  the  general  forranla  C,H.R. 
The  radicle  CgHe  is  Imown  as  phenyl  ancl  is 
monovalent. 

Aminobenxene  v.  Amlink. 
Bromob«ixene,fAeiiy2frrQm»deC«U.Br.  Fte- 
pared  by  the  interaction  of  benzene  ana  bromine 
in  the  presenrr  i  .i  sunlight  (Schramm.  Ber.  1885, 
18,  606),  iodiuu.(RiIliet  and  Ador,  ibid,  1876. 
8.  1287),  aluminium  chloride  {Leroy,  Bull. 
Si.c.  (luni.  4S.  211  :  Greene,  Cnmpt.  rend. 

IH),  U>\.  ur  aluiuiuiuui  amalgam  (Cohen  and 
Dakin,  Chem.  iioc.  Tran^.  I8W,  804) ;  by  the 
action  of  phenylhydrazine  on  perbromacctone 
(Ijcvy  and  Je<llicka.  Annalen,  249,  84) ;  by  the 
action  of  sulphur  bromide  and  nitric  acid  on 
benzene  (Edmger  and  UoJdbeig,  Bet,  1900,  83, 
2884) ;  hy  diazoturing  aniline  in  the  presence  of 
er>y>|v  r.  su!]i!iuric  acid,  and  potassium  bromide 

I  (iSandmcyer.  ibid.  1884.  17,  2650) ;  for  electro- 

I  Ivtio  method  n.  Votojek  and  2i!mitok  (Ghem. 
Zentr.  18m».  i.  \W\). 

I       Br»)mid»«n7,eno  is  a  colourleH,s  liquid,  b.p. 
ir>«5  (>"  (758-6  mm.)  (Keith  r,  Z*  itseh.  physikal. 

,  Clicin.4.70):  Ml. p.  -  :H»- 5°  (corr.)  (Schneider,  iViirf. 

■  22.  2:{2;  rf.  Hftane.  \i>  r.  1H93  2r».  1(>53)  :  sp.gr. 
4"  4"  l-OKl.^..    I.V   ir>°  I  IIKJl,  25725°  I  4Hsn. 

|fi0^/50<*  l-4t>8l,  lOOVlOO**  1-4416;  maguoUc 
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fOla4iioil(Itekin,Chera.  S(M.l>aii8.  1896,1243);  ;  (Sohmidlin,  C'ompt.  rend.  1DC»3,  137,  69),  uhilijt 
Vttponr  pratsuxe  (Ramsay  and  Young,  ibtd.  with  aluminium  chloride  the  pnxiucts  are  the 
1 880,  fM,  665;  Tonng,  ibid.  1889,  488,  506;  chlorides  of  4:4'-  and  2 : 4'-dichkm>benzo- 
Elahlbaum,  2Ieitsch.  phvHikal.  Chem.  26,  /584) ;  phenones  (Norris  and  CJn-rn.  Amor.  (.'hem.  J. 
absorptioa  speotnun  (Pauer,  Ghem.  Zentr.  t  1901,  26,  492 ;  Moiris  and  Twei|^  ibid,  1903, 
189<|,  i.  112S;  Poirts,  Chem.  Soo.  Ttsns.  1911,  '  30,  392).  Ghlorhie  in  the  snniight  yields 
811);  dirlrclric  constant  (Jahn  and  Moller.  CgHsCl.Cl,,  0,11401,,  and  other  produrt.-;  ;  in 
Zieiiech.  phybikal.  (  hem.  13,  386).  Heatetl  the  presence  of  dilute  sodium  hydroxide,  a- and 
wifeh  akiminium  chloride,  bromobenzene  yields  3-chIorobcnzene  hexachlorides  are  produced 
Ijenzeno  and  isomeric  dibromolx»nzene.s  (Dum-  (Matthews,  Chem.  Sdo.  Trans.  1891.  107;  1892, 
i-uicher,  Ber.  1882,  15,  1807);  with  sodium  103).  Bromine  in  the  preseiue  of  aluminium 
mcthoxide  at  200^  anisole,  phenol,  and  a  small  chloride  yields  jv-chlorobromolx-nzeoe  and  other 
qoantity  of  bentene  are  formed  (Blau,  Monatsh.  i  pruducte  (Houneyrat  and  Fouret^  Oompt.  rend. 
7,  626).  Sodium  in  ether  yields  hydrocarbons  i  1899,  129.  605) ;  snlphurio  aoid  and  iodine 
of  hijjh  molecular  weight  and  a  dark-blur  suit-  yield  chlorodiiodobenzeiie  (01:1,-— I  :  2  :  4). 
stance  (Weiicr,  Ber.  1896,  29,  115 ;  Mohr,  J.  pr.  i  ohloiotriiodo benzene  (CI :  I^^l :  2 :  4  :  6)  and 
CSheiB.  1909.  [ii.]  80,  315) ;  ethjfi  oxalate  and  |  other  products  (btmti,  Chen.  Zentr.  1897,  i. 
sodium  in  absolute  ether  yield  In-nzoic  acid  and  1161).  C'hiorobenzene  nnnains  unchange<l  on 
triphenylcarbinol  (Krey.  Ber.  1895,  28,  2315).  h<'atiuK  with  hydriodic  acid  and  phosphorus  at 
Heated  ^nth  sulphuric  add,  bromol)cnz('ni^  302°  (KJages  and  Liocki,  J.  pr.  (SmiB.  ^]  61, 
yields  1:3:  S-dibmmobenzeno  sulphonic  acid  319).  Nitric  acid  at  0°  gives  o-,  m«,  and  p« 
and  a  bromobenzene  disulphonic  acid  (Herzig,  chloronitrobenzenes,  the  yields  being  29*8,  0*3 
Monatsli  2,  192);  nitric  acid  (sp.gr.  1*5)  ^ives  and  69*9  p.c.  res|M'ctively  (Holleman,  Proc.  K. 
1:2: 4-broniodinitrobenzene  together  with  o-  1  Akad.  Wetenseh.  Amsterdam,  1905.  7,  266). 
and  p-bromonitroben genes  (Bandrowsld,  Bull. '  Oxidised  by  .sidphnrie  aeid  and  manganese 
Anul.  Sri.  (Varow.  1900.  193).  Hydriodic  acid  dioxide  to  forini(  and  /J-rhlorohenzcic  acids, 
and  pho.sphorus  are  without  action  on  bromo-  |  Has  heen  recommended  as  a  solvent  for  resins 
benzene  at  218*(KIageaandIiieol»,  J.  pr.  CSiem.  i  (Andis,  Ghem.  Rev.  Fett.  Harz-Ind.  1906^  13, 
[ii.]  61,  319).  '32).    For  stnl.ility  of  li.'ilnj^rnated  benz.-nes  v, 

Chlorobenzene,  Phenyl  chUiridr,  OgHjOl.  Lowenherz  (Zeitsch.  physikal.  Chem.  1899,  29, 
Prepared  by  the  action  of  phonphorus  ]ienta-  401);  Yandevelde  (dhem.  Zentr.  1898^  i. 
chloride  on  phenol  (Gerhardt  and  lAuront, ,  438). 

Annalen,  7S,  79);  by  heatuir;  (x^nzene  with*  lodofecnmie,  Phenyl  iodide,  CtH^l.  Pre- 
thionyl  chloride  at  15<)°  (Duboi.s.  Zeitseh.  pared  by  the  action  of  phosphorus  triiodide  on 
Chem.  1866,  705)  or  with  sulphur  chloride  phenol  (Scrugham,  Annalen,  92,  318);  by 
at  200"  (Selimidt,  Ber.  1878,  II,  1173);  by  heating  a  mixture  of  bensene  and  iodine  wiVti 
the  electrolysis  of  a  strong  hydrochloric  acid  ainniinium  chloride  (Green,  Oompt.  rend.  90, 
solution  of  cupric  chloritle  in  the  presence  of  j  40),  ferric  chloride  (Mever,  Annalen,  231,  195), 
benzene  diazonium  chloride  using  copper  j  or  with  sulnhurio  add  (Nenmann,  ibid.  241,  84  ; 
electrodes  (Votooek  and  Zcni^ek,  Chem.  Zentr.  Istrati  and  Gcorgoscu,  Chem.  Zentr.  1892,  i. 
1899,  i.  1146:  cf.  Walter,  J.  pr.  Chem.  1896,  625),  in  the  last  method  higher  halogcnated 
[ii.]  53,  427) ;  by  diazotisinp  aniline  and  heating  compoimds  also  being  formcu;  by  the  infer- 
tile product  with  cuprous  chloride  (Sandmeyer,  action  of  benzene  and  sulphur  iodide  in  the 
•Ber.  1884,  17,  1633) ;  by  the  action  of  ehlorine  i  presence  of  nitrie  add  (Edinger  and  GoMheig, 
on  benzene  in  the  ]ir<  '<rnf  e  of  aluminium  Ber.  1900,  3.^,  2S7ri) ;  liy  heating  phenyl  hychia* 
chloride  (Mouneyrat  and  Pouret,  (x>mpt.  rend,  zinc  with  excess  of  iodine  in  ]x>tas8ium  iodide 
1898,  127,  1026),  fevrie  chloride  (Thomas,  ibid,  solution  (Meyer,  J.  pr.  Ghem.  [ii.]  36.  1 15) ;  by 
1898,  12(5,  1212),  or  a  mixture  of  tinelv  divided  heating  lx>nzene  with  pota.ssiiini  iodnte  and 
iron  and  ferric  chloride  (D.  U.  P.  219242;  J.  dilute  sulphuric  acid  (Peltzer,  Annakii,  13(», 
Boo.  Chem.  Ind.  1910,  619).  '•  197);  bj'  heating  sodium  benzoate  with  iodine 

(Alnobenaene  is  a  colourless  liquid,  b.p.  1  monochloride  (Sohfitsenbeiger,  J.  1861,  349 ; 
181*8*  (767  mm.)  (Ferkin,  Chem.  Soe.  Trans.  1862,  251). 

1896,  387;  cf.  Ramsay  and  Young,  thi'd.  1885,  lodolx-nzcne  is  a  coIoiirIe.H.s  liquid,  b.p. 
642,  654  ;  Fiichs,  Zeitscb.  anaew.  Chem.  1898,  188-36**  (755-75  ram.)  (FeitU  r,  Zeitsch.  physikal. 
860):  ni.p.  —40"  (oorr.)  (Snuwider,  Zeitsch.  I  Ohem.  4,  71);  m.p.  —28-5"  (corr.)  (Schneider, 
physikal.  Ohem.  19.  155):  sp.irr.  4«/4''  1-1230.  ibid.  19.  167;  cf.  Haas.  .  Ber.  1893.  26,  1053);  * 
15V15*  Ml i.-).  25""2.-)"'  1-1042.  .'5</'/50*  M»8(>8.  sp.gr.  4«*/ 4*  1-8551,  15°  15°  1-8401,25726* 
lOO'/lOO*  l-0($23  (Perkin.  I.e.)  ;  critical  tem-  l  S28:i,  5(J7.W«  ^8067,  10()7 i00»  l«7882(PlPrkin, 
perature  359-2°  (Young,  Zeitsch.  phvsikal,  Ohem.  Soc.  Trans.  1896,  1243) ;  vapour  pre*isure 
Chom.  II,  .590;  Schneider,  ibid.  70. '  (526) ;  ( Yoimg.  iWrf.  1889.  490,  610) :  heat  of  com  bus- 
vapour  pres.iure  (Young,  ('hem.  Soe.  Tran.s.  tion  770-0  Oal.  (Bcrthelot,  Oompt.  rend.  130, 
1889,  90,  et  »eq.);  absorption  sptictrum  (Pauer, :  1098);  magnetic  rotation  (Perkin,  i.r.} ;  al]8orp> 
Chmn.  Zmtr.  1806,  i.  llfZ ;  Porvit,  CSiem.  Soo.  >  tion  speetrum  (Paner,  CSiem.  Zimtr.  1896,  f. 
Trans.  1011.  811);  magnetic  rotation  (Perkin.  1122:  Purvis.  Ohem.  Roc.  Trans.  TOIL  L>:nsi 
Le.)l  dielectric  c<mstAut  (Jaim  atnl  Moller,  i  lodoben/.ene  is  re<luced  to  InMizene  by  sodium 
SSeitwh.  physikal.  Ohem.  13,387).  Hy  pissing  |  amalgam  in  alcohol;  with  aluminium  chloride 
the  vapour  of  ehlorolienzene  over  red-lmt  imn  it  j-ields  benzi*ne,  isomeric  diiod«)ben7,enc8, 
filings,  dipiietiyl.  ni(in<»-  and  di-  chli>rodi|)hi ii\ I  Imlnxrhloric  aeid  and  iodine  (Dumn-ieher.  Ber. 
and  <liplienyllH'nzene  are  formed  (Kramers,  IK82.  15.  18(18);  with  silver  nitrate  at  145* 
Annalen,  189,  135).  On  heating  with  sodium  i  picric  acid  is  formed  (Ueuther,  Annalen,  245. 
in  carbon  tetmeihloride,  triphenylmethane,  heza-  100) ;  oxidiied  by  CaioVi  add  to  iodoxvbeiiceno 
pjienylbemene  and  diphenyf  an  produced  I  (Bambeiger  and  Will,  Ber.  1900,  m,  684). 
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Nitric  acid  (sp.gr.  1*5)  \'ieldf<  o-  and  /)-nitroiodo- 
benseneA  (Komer,  Gazz.  chim.  ital.  4,  305) ; 
chlorine  in  chloroform  solution  givf.s  n  diohloride 
(Willgerot,  J.  pr.  Chem.  [ii.]  33,  155).  lodo- 
beiusene  is  nnohanged  by  heatmg  with  hydriodic 
•md  and  phosphorus  at  182^  (Klages  and  Liecke. 
^tid.  61,  319):  aotioa  of  ferric  chloride  and 
ferric  bcomide  «.  ThomM  (Cbmpt.  i«ad.  128, 
1577). 

MitrotaniiM  v.  Bmumb. 

Phenyl  azolmlde,  Triazobenzene,  Diazoben- 
lendmide  C.UsN,.  Prepared  by  the  action  of 
ammonia  (GrciBS,  Annalen,  137,  68)  or  of  phenyl- 

hydrnziiie  (Oddo.  Gazz.  chim.  ital.  20,  798)  on 
diazolH'nzene  perbromide  ;  by  the  action  of 
nitrous  acid  on  phenylhvdrazine  at  0*  (iMniroth. 
Ber.  1902,  36,  1032);  by  passing  nitrosyl 
chloride  into  a  tolntion  of  phenylhvdrazine  in 
glacial  acetic  acid  (Tilden  and  Millar.  Chem. 
Soc.  Trans.  1883,  267);  by  heating  nitfoao- 
phenylhydrasfne  witli  dOate  potaashim  hydr- 
oxide (E.  Fi^^r!).  r.  Atinalcn.  190,  92)  or  wifli 
alcoholic  hv»ln)chltiric  acid  (O.  Fischer,  lier. 
1886.  19,  2995) ;  by  the  interaction  of  stannous 
chlori<le  and  diazobenr.ene  chloride  in  hy<lr". 
chloric  acid  solution  (Cidmann  and  Gabion) w.^ki. 
J.  pr.  Chem.  [ii.J  40,  99),  or  of  diazo))enzcne 
sulphate  and  sodium  aside  or  hydrazine  (Noel- 
ting  and  Michel,  Ber.  1893.  26,  86,  89) ;  by  the 
action  of  Kfidium  hypochlorite  nn  phnivlsemi- 
.oarbazide  or  on  phenylazocarbouamide  ( Da- 
rap?  ky,  Md.  1907,  40.  3038);  or  together 
with  other  product-s  by  the  interaction  of 
phenylhydroxylamine  and  hydroxylamine  in 
the  presence  of  a  mineral  acid  (Bamuiget^  iML 
1902.  36,  3895). 

Phenyl  azoimide  is  a  pale  yellow  oil  having 
an  aromatic-aramoniacal  smell,  b.p.  73*5*  at 
22-24  mm, ;  an^tr.  0"/4'»  1-12399  (Oddo),  107  lO** 
1*0980,  8f5*/i8*  1*0863  (Pferkin,  C9iem.  Soc. 
Trans.  1896,  1245);  insohihir  in  w.iter,  soluble 
in  alcohol  or  ether.  Explodes  on  distillation 
at  atmospheric  pres.sure.  On  heating  with 
conr-entrated  hydrochloric  acid,  it  decomposes 
into  nitrogen  and  o-  and  p-chluraniline.s  (Greisf;. 
Ber.  1886,  19,  313).  Strong  sulphuric  acid 
oauna  explosions,  but  very  dilute  acid  yields 
p-aminopnenol.  Excess  of  bromine  gives  tri- 
bromaniline  (('ulmann  and  Gasiorowski,  J.  pr. 
Chem.  [ii.j  40,  97).  Retluotion  in  alcoholic 
solution  with  sodium  analgani  gives  hydrazo- 
benzene  (Curtiu.s.  ibid,  [ii.]  52,  210).  with  zinc 
and  hydrochloric  acid  ammonia  and  andine. 
Hydrasine  hydrate  yield.s  U-nzene,  ammonia 
and  nitroc<>»i  (Curtius  and  Dediehcn,  ibid,  [ii.] 
50,  252).  Phenyl  azoimide  yicldii  triazo  com- 
pounds bj  oondensation  with  aubatanoea  oon- 
taininff  a  reactive  methvlene  group  (Dimroth. 
Ber.  1902,  3ff.  4041);  it  nacts  with  alkyl 
nia^riesium  h'llidi-M  formiiiii  dinzr>aminO  com- 
pounds (Dimroth,  ibid.  1903,  36,  909). 

PlmiyiaarUBide,  Phtnyl  Moeyanata,  Carbanll 

C|HgN:C:0.  Prepared  by  distillitiir  oxaniliiic 
(Hotinann,  Annalen,  74.  33),  diphenvlurea  (J. 
1868.  348)  or  phenylurethane  (Ber."  1S70.  3, 
656)  ""ifh  pho-phoni<  pt  ritoxide  :  l>v  'li-tillin^' 
oxnnilyl  (  hloridr  r\->chaii.  ihltl.  ]s'M).  s.l.  Is  J.".)  ; 
by  heatiriir  p!i' n  \  Ithiocnrbimide  witli  men  unr 
oiddp  (Kuhii  and  LioU-rt.  ibid,  1636);  by 
deoomposing  diaxobenzone  sulphate  with  potas- 
sium cvanate  and  copper  powder  f(  Jattentiann, 
tbid,  1225;  1802,  26.  lOSti) ;  by  passing  phos- 


gene over  fu.'>e<l  diplicnylurea  or  better  over 
fused  aniline  hydrochloride  (Hentzchel.  ibid. 
1884,  17,  1284;  </.  1>.  &.  P.  19919;  VtdL  i, 
578). 

Phenylcarbimide  is  a  colourless  liquid,  the 
vapour  of  which  excites  tears;  b.p.  166"  at 
769  mm.  (Hofmann.  Ber.  1886,  18,  764) ;  8p.gr. 
1  092  at  15°.  With  water  it  yields  <liphenylurca. 
with  alcohol  phenylurethane,  and  with  ammonia 
monophenylursa.  It  is  muoh  used  as  a  reagent 
for  detecting  the  presence  of  hydioxjland  imino 
groups:  condensation  with  alcohols  {v.  Hof- 
maon,  Annalen.  74,  16;  Ber.  1871,  4,  249; 
Te^smer  tfnd.  1885,  18,  968;  188f5.  19,  2606: 
Snape,  Cheni.  Soc.  Trans.  1885,  770;  Gumpert, 
J.  pr.  Chcrii.  [ii.]  32,  278;  Bloch,  Bull.  Soc. 
chim.  [iii.]  31,  49,  71) :  with  phenol  {v.  Leuck- 
hart  and  Schmidt,  Ber.  1886,  18,  2338).  By 
heatiri;j  with  dilute  hydrochloric  acid,  am- 
monium chloride,  aniline,  and  carbon  dioxide 
are  produced ;  with  aoetio  add,  diphenvlurea, 
and  tran  s  <,f  aniline  anil  afctanilifle  (Dieckmann 
an<l  Kaiiiinerer,  «V>Ki  1907,40,373);  with  acetic 
anhvdri'le  at  170*  acetanilide,  benzene  and 
r  irlM)!!  dioxide  (Gumpert.  J,  pr.  Chem.  [ii.]  31, 
121) ;  with  putasfiium  acct-atc  at  100*  triphenyl- 
lAocyaniirate  (Hofmann,  Ber.  1886,  1^  766). 
It  combines  with  prussic  acid  in  boncene  after 
the  addition  of  a  ww  drops  of  p\Tidine  to  form 
cyani  ill  ii  tiiaiiilidc  (Dieckmann  ami  Kainmi  riT, 
ihid.  1905, 38,  2977),  and  with  hydrogen  chloride 
to  gi  vo  oUoToformanilide  (HentsobeU  Md.  1885, 
IS.  117.'?).  Heated  in  sealed  tubes  at  180*  it 
yields  carbodiphenylimide  (StoUe,  ibid.  1908, 
41, 1126) ;  heated  with  zinc  it  gives  aniline.  It 
combines  with  two  atoms  of  chlorine  or  bromine. 
With  l)enzene  in  the  presence  of  aluminium 
chloritle  it  gives  benzanilidi-  (1/  lu  kliart,  Aid* 
1886,  I  S.  873  :  J.  pr.  Chem.  [ii.]  41.  301). 

Phenyl  cyanide,  bemooltifle  st.  NmoLia. 

Phenyl  MoflytnUt^  flMliylnrtflAllltlM  v. 

NlTRa.ES. 

Pheoylhydroxylaiiiiiie  v.  Hydroztlaionb. 

Phenylthiocarblmlde,  Phenyl  t^cthlocyanate. 
Phenyl  mustard  oil  C,UtN  :  C  :  S.  Prepared 
by  heiiting  diphenylthiourca  with  phosptionis 
pentoxide  (Hofmann,  J.  1858,  349),  concen- 
trated hvdnM'hloric  acid  (Weith  and  Merz, 
Zeit.sch.  Chem.  18<i!),  589),  phosphoric  aciti 
(Hofmann,  Ber.  1882, 16,  986),  aoetio  aohydrido 
(Werner.  Ghem.  Soo.  Tnat.  1893.  400),  or  with 
phfhalic  anhydride  (Dunlap,  Amer.  Chem.  .1. 
1896,  18,  332),  in  the  last  method  phthalauilic 
acid  also  being  formed.  By  heating  phenyl 
i.vocyanide  with  sulphur  (Wt  illi,  Rer.  1873.  6, 
211),  phenj'l  ihioliydanluin  with  carbon  tbaul- 
phide  (Dixon,  Chem.  Soc.  Trans.  1897,  G28)  or 
phenyl  carbimide  or  phenylurethane  with  phos- 
phorus pentasnlphide  at  160"  (Michael  and 
Palmer.  Amer.  Chem.  J.  6,  258);  by  the  inter- 
action of  thiophosgvnc  and  aniline  (Kathke,  Ber. 
1870^  8, 861) :  together  with  the  hydriodide  of 
triphenj'lguanidine  and  aniline  by  heating  nu 
u Icohol ic  .s(d II t  ion  of  d i phcnyltliJourea  with  iodinu 
(Hofmann.  ihid.  1869,  2,  453;  Rudnew,  J.  Rusa. 
Vhy-.  Clirm.  Soc.  10.  184). 

i'hi  ii\ it Iiioi  arl'iiriidi'  i'-  an  un])lea.H4int  smell- 
lUL'  ii.iui.l,  l..p.  221°  (corr.) ;  sjy.gr.  4",  4**  M477, 
15"/ 16'  M382,  25725"  1  1314  (Perkin,  Chem. 
Soc.  Trans.  1896,  1204).  By  boiling  with 
water  diphenylthiourca.  suliihun  tted  liydrogen 
and  carbon  dioxide  are  produced  (Baxubexger, 
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Bar.  1881,  14,  2462) ;  glacial  acetic  acid  at  130** 
yiebb  aoetanilide,  oarbon  oxy sulphide,  and 

«Iiplieiiylurca  (Weriu  r.  Cl.i  ri:.  Soo.  Trans.  1891, 
548;  Claus  and  Volr/.kuw,  iU-r.  ]8S1.  14,  445; 
Gumpert,  J.  pr.  ('lu  ni.  [il.]  32,  2!)4  ;  Cain  and 
a-.hcu,  Chem.  Sue.  Trans.  1891,  :J27) ;  whilst 
With  thioacctif!  acid  it  givt.s  acitanilide.  Il 
combines  with  ainiuonia  and  j^uhsi  itut^Hl  amines 
Tielditif  substituted  thioureas.  ChJoxine  fomu 
tan  adcdtion  product;  copper  powder  at  200* 
yield.s  benrrniitrilo.  R<'(lucti(>n  with  hydro- 
ohlorio  aoid  in  absolute  alcohol  gives  aniline  and 
tluofonnakleh^e  (Pinner;  Ber.  1881,  14,  1083), 
whilst  alnminmni  araalf!:nm  in  neutral  solution 
gives  diphenyltkiourLH  and  methyl  morcaptan 
(Qntilier,  HM.  1901,  34,  2033).    Sulphuric  aoid 

?;ivea  oarbon  diniilphide  and  diphenvlthiourea 
Proskauer  and  Sell.  ibid.  1876,  9,  1266); 
malonic  acid  yields  diphenyluna  and  uct.lani- 
lide^  soooinio  acid  soooinanil,  and  sebacic  aoid, 
the  dimilidA  of  the  aoid  (BAneoh,  Cumpt.  rend. 
130,  292).  By  condensiniur  phenylthiocarl'imide 
with  aliphatic  monoh^^droxynlfohoLs,  phenyl- 
thiourothanes  are  produced  (Hofmann,  Ber. 
1870,  3.  772;  Omdorff  and  Wh-.-lcr.  Anur 
Chem.  J.  1899,  22,  458),  with  ph.  ni)l  i)henyl-U/- 
^Mnylthicicarbamic  acid  (Dixon,  t'lum.  See. 
Tmiaa.  1890,  268 ;  Snape,  ibid.  1896,  98)  and 
with  aromatic  hydrocarbons  or  phenol  ethers 
.substitutiMl  thioureas  (Gattermann.  J.  pr.  Cliem^ 
1898V  £iij  59,  578).  Siomine  and  aloohol  in 
ethereu  eolvfeioa  give  *  dibioBW  mlditive  oom- 
pound  and  pbetiyltluocarbimidc  oxide  fFromm 
and  Heyden,  Ber.  1909.  42.  3800;  fVeund  and 
Baohraoh,  Annalen,  28.').  184;  Hantzaoh  and 

Wo''  '  rknn']if,  (hid.  331.  265). 

Phenyithiocyanate,   UaU,S  C  :  N.  Prepared 
by  the  action  of  thiocyanic  acid  (Billotcr,  Ber. 
1874k  7,        or  of  onproos  thiooyanate  (Cintter 
maim  and  Bbiuakneobt,  AmI.  1890,  23,  739)  on 

diazobenzeuc  sidphatf  :  by  pastting  cyanogen 
chloride  into  an  alcoholic  ^iution  uf  the  Icail 
aaJt  of  thiophenol  (Billetcr,  Lc). 

It  is  a  colourless  liqiud  havini:  a  leck-iike 
smell,  b.p.  231*  (coir.);  sp.gr.  I- 150  at  17-5°. 
Oonoentratid  hvdra^Iorio  acid  at  180*'2u(»° 
yields  thiophcnol,  ammonia,  and  cartion  dioxide  ; 
alcoholic  potassium  hydrosulphide  gives  thio- 
phenol. 

PH£NYLAC£TIC  ACID,  a  toluic  acid 
C.Hj-CHjCOjH 
is  prepared  by  the  hydrolysis'  nf  benzyl  cyanide 
(Gumlxaaro,  Annalen,  1855,  96,  247;  Mann, 
Ber.  ISSl,  14,  1645;*6taedfd,  «MI.  18M^  19. 
1949).  It  has  hcen  ohtainrrl  by  fusing  phenyl- 
malonic  acid  (WlnUci  um*,  tbul.  i6'J4,  27,  1094) ; 
bv  boiling  %'nlpic  acid  with  baryta  (Moller  and 
Strt.  kur,  Annalen,  1800,  113,  *H) ;  by  fuHitm 
atrupic  ucid  with  potassium  hydroxide  (Krant, 
ibicL  1868,  148,  242);  by  reducing  mandelic 
acid  (Brown,  Zcitach.  Caiem.  1805,  443);  bv 
hating  phenylchlorovinyl  ttliy!  ether  with 
atrohi'lu;  potassium  hy(!r(.ixi(lc  (N«-f,  Annalen, 
1899,  3U8,  31b) ;  and  by  decomposing  by  water 
the  product  of  the  aotion  of  oarbon  dioxide  on 
an  ethereal  solution  of  mncmesium  bcnzvl 
chloride  (Zelinsky,  Ber.  19U2,  35,  2692).  It 
oeoam  together  with  phenylpropionic  acid 
among  the  putrefactive  decomposition  pr  (hn  {« 
of  certain  proteins  (Snlkowski,  Ber.  1879,  12, 
t'>49;  Zeitsch.  phy«i..I.  Chem.  1SS8,  2,  420; 
1892,  9,  607),  and  the  two  are  readily  separated 


by  the  fractional  ci^stailisation  of  the  zinc  salts 
(SaUanreld,  ihid.  1892,  10,  160).   Ao6otding  to 

Englcr  ail  I  T.  v.  (Bor.  1893,  20,  1430)  thr 
presence  oi  beuzeuoid  hydrocarbont>  lu  mineral 
oil  may  not  be  exdusively  due  to  a  pyrogenetic 
process,  but  may  ari.se  from  the  pbenylacetic 
ucui  produced  by  the  decay  of  proteid  matter. 

Pbenylacetic  acid  crystaUises  in  thin  kavt-s. 
ni.p.  76•6^  b.p.  285-5°  (oorT.)»  144-2  -144-8712 
mm.  (AnsehntK  andBems,  Ber.  1887,  20.  1390), 
sp.^T.  1  0778  at  83-,  1-0334  at  13.^^4"  (Mulki 
and  Strecker,  i.e.),  or  1-228  at  4°  (Schroder,  Ber. 
1879,  12,  1612) ;  the  magnetio  rotatory  power 
is  12-743  (Perkin,  Chem.  Soc.  Trans.  1898, 
1079);  and  the  molecular  heat  of  combustion 
833*2  Gal.  (Stohmann,  Kleber  and  Langbein,  J. 
pr.  Chem.  1889,  [ii.]40, 128).  In  its  phyninlngi*  al 
action  pbenylacetic  acid  differs  markedly  from 
plienylpropionio  acid  which  is  completely  oxi- 
dised to  benzoic  acid  when  adminieterod  as  a 
food  to  a  dog,  whilst  phenylaeetio  add  is  oon> 
verted  under  similar  conditiuns  into  phfuacttiiric 
acid  C,H,-CH,-C(J  NU  UH,  CO,H,  m.p.  UZ" 
(E.  and  H.  Saikowski,  Ber.  1879,  12,  653). 
\Vhen  fed  to  fowls  pbenylacetic  acid  combines 
with  ornithine  to  produce  phenylaceiO'omiihttric 
add 

C,H,-CH,-C0-xn;cn,]3C!r(NH  C0  CH..  C,Hj)COjH 
(Toteni,  Zeitech.  phyaiol.  Chem.  1910,  68,  76). 

Calcium  salt  (C,H,Ot)tOi»3HiO 
(Kraut,  I.e.);  barium  .salt  (CgH,0g)|Ba,3HtO 
loses  2iHgU  at  150'' ;  lea<l  salt 

(C,H,0.),Pb,H,0 
(Guve,  J.  1884,  408);   silver  salt  CgH,0,Ag  ; 
yttrium  salt   (C,H,0.),Y,3U.O  ia  inaolahle 
(Pcatt  and  James*  J.  iimer.  dnem.  Soc.  1911* 
33, 1390) ;  the  tanMiae  salt 

C,3H„04N,C,H.O„UH,0 

has  m.p.  laO^-lSP,  [aj|*' -30-5°  in  5  p.c,  and 

— 32'2*  in  24  p.c.  chloroform  solution  (Hilditch, 
Chem.  Soc.  Trans.  l'JU8,  1388). 

Methyl  ester,  b.p.  220",  sp.gr. 
1'044  at  18*  (RadsiajewBki,  Ber.  1880,  8,  208) ; 
chloromethyl  ester,  b.p.  138"'-140715  mm. 
(lA*»cud6,  Compt.  rend.  1902,  134,  716);  ethyl 
ester,  b.p.  227-3°,  sp.gr.  1-0566  at  4° '4*; 
1-0462  at  15716°,  or  1-039  at  26°/26°  (Perkin. 
Chem.  Si>c.  Trans.  1896,  69,  1238) ;  propyl  t.stcr. 
b.p.  23JS  .  np.^r.  1-0142  at  18°  (Hodgkins.  n. 
ibid.  1880,  34,  483);  isobotyl  ester,  b.p.  247 
(Hodgkinson,  Lc);  aoti^  amyl  ester,  b.p. 
265°-266°/722-7  mn).,  .sp.ttr.  0  982  at  2074"^; 
1-4872  at  21°;  [a^-t-3-h4  ut22°(Guye  and 

Chnvanne,  Bull.  Soc.  chira.  1896,  [iii.]  16,  292) ; 
l>enzyl  ester,  b.p.  317°-319°,  8p.gr.  1  101 
(Slawik,  Ber.  1874,  7,  1066), b.p.  270°/160min.. 
^p.gr.  1'0938 at  170*  (Hodgkineon,  lc.) ;  meut  h  vi 
ester,  b.p.  192°-197°/10  mm.  ;  sp.gr.  1  002  at 
20='/4°;  0  y4U0  at  10074°;   [a^^- 68-70^  at 

20*  (Tsehugaeff,  Ber.  18JW,  81,  2461  •  Cohen 
and  Dudley,  Chem.  Soc.  Trans.  1908,  1749) ; 
phenyl  oster,  m^).  42°,  b.p.  168''/i7  mm. 
(Stoermer  and   Biewnbaoh,  Ber.   1905,  38, 

inr.S);  phenylelhyl  <  stc  r,  m.p.  28°,  b.p.  330* 
(vuu  iMMlen  and  Hojahn,  ihid,  I!MK>,  33,  1720). 

Ph  nylactUjl  ehloHde  C^I  I .  (  1 1 ,  COa  has  b.p. 
95-l°-95-8712  mm.,  102-6M7  mm.,  104*- 
105°  23  mm.,  or  1707250  mm.  ;  .sp.pr.  1-I0817 
at  20"  4°,  185G  at  4°  4^  1-1753  at  11°/15°. 
1*1674  at  16°/16°;  and  yields  the  ankydridt. 
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m.p.  T2'5\  on  heatin;?  with  oxalic  add  (AnachfitB 

and  Ik-ms,  IVr.  ISST,  20,  13H{>;  Srht.tt,  i7/i<i. 
1896,  29,  lU8(i;  Tuikin,  Choin.  fcyic.  Traus. 
1896,  69,  1244). 

PhenylacftamiJr  f '.H j  (  ;H,  <  O  NIT .  han  m.p. 
I54'-15r>%  b.p.  28r-284''  (Wtnldigc,  .1.  pr. 
Chem.  1873,  [ii.]  7,  100) ;  the  diHhylamidt  lias 
HUP.  86<*,  b.p.  2»6''-2tt7''  (oorr.) ;  the  tUphtnyl- 
fimtde  has  m.p.  72°  (HanalDieoht.  Ber.  1889, 
22,  324);  th.-  hi/'lnizuh  has  in. p.  116";  the 
(uawAufe  is  a  coluurless  oil  and  yialda  mth 
bronoiiie  a  orystaUinft  oompomid,  nLp.  121° 
(IVK'tz.lon.  J.  pr.  Chem.  1901.  [ii.]  64,  314). 
/ 'htn ykicd  aroH Unk  C,H ,  CH, -CO -N H-tlH, -CN 
has  m.p.  90*5° ;  ethyl  phenylaccturaie,  m.p. 
82''  (Klagea  and  Haack,  Ber.  \>m.  m;.  1646); 
phcnylacetylurethane,  m.p.  113"  iDieLs,  ibid. 
1903",  36,  736). 

Phenvlaoetio  add  and  the  derivatives 
desoribed  above  oootain  a  ineth3rlena  group  of 
similar  reactivity  to  thai  iti  nialntiic  m  iil.  «  th\l 
acfUiaeetate,  &v.,  und  they  therefor*}  un*lergo 
the  Cluinen  condensation  (BoBseken,  Kei;.  tniv. 
chim.  1896.  15.  \m  ;  Hnd^/kinson.  rii.-m.  So.  . 
Pnw.  IS.H*'!.  lha);  furin  <  iiii(lci»satinii  pnxim  u 
with  al.khv.les  (Rohmer.  IW-r.  iSitS,  ;{|.  2sl  ; 
lioetzelcu,  J.  pr.  Chem.  1901,  [ii.]  64,  314); 
react  with  ethyl  nitrate  and  nitrite  (Miiller,  ikr. 
1SS3.  Iti.  KilT  ;  2985;  Wiwiicenus  ami  *:nit/.n.-r. 
ibid.  1U09. 42. 1930  ;  NoeltinK  and  Kadicra,  ibid. 
1906,  39,  2066) ;  and  form  hBlogen  robstituted 
and  nminij  dorivati vc.«  that  contain  ati  ii.syni- 
metric  L-arUju  atom  and  have  been  iiibulvtHi 
into  their  optically  active  conBtituents  (Easter- 
field,  Chem.  8oc.  Tran*.  1891.  71  ;  Waldcn, 
IJcr.  1895,  28,  1287  ;  Zeitsth.  j.hvMkal.  Chem. 
1896,  17,  .705;  Bischoff,  Ber.  ISDT.  30,  276; 
KoMeU  ibid.  189i»  24,  4145;  btadniknff,  J. 
Rtim.  Phys.  Chem.  8oe.  1906,  38,  943 ;  Ehriich 
and  Wcn'h  !,  Hiu,  !iem.  Z«'it»ch.  1908,  8,  438; 
Fischer  and  Wcichhold,  Ber.  1908,  41,  1286; 
Betti  and  Mayer,  tbid  2071). 

In  nddition  to  the  <Irrivativc.s  aln-ddy 
descriJx'd  fir  t**  which  refeiuntc  hiis  liceu  inaili', 
phenylttcetic  acid  forms  a  series  of  HubKtitutetl 
derivatives  in  which  the  substituent  has  replaoed 
hydrogen  of  the  benzene  ring.  With  the 
e.xi  <^ptiiin  (if  a  f/ZA'/'/roxy derivative  [homogcrUisic 
acid),  the  compounds  belonging  to  this  series 
are  not  of  Ruffieient  importance  for  the  purpose 
of  this  article  to  m«  rif  a  detailed  description  ; 
and  for  the  preparation  arul  projierties  of  the 
halogen,  nitto  and  nitro-  h  a  lo  l'*  '  n .  \  < . .  ( I  * >ri  vati  vee, 
are.  Jackson  and  l/ow^n-.  Ber.  1877,  10,  1209; 
Jackson  and  Kield,  Amer.  Chem.  J.  2.  85 ; 
Miilx  t  V  iml  Ja<>k9on,  Ber.  1878,  11,  .".">  ;  Zinckc 
and  BotUiher,  Annalen,  ltiU5, 343, 100 ;  Maxwell, 
Ber.  1879,  12,  1764;  BMwm,  Chem,  8oc. 
Tnuifi.  ISSO.  W;  Cahricl.  I'.  r   ISHI,  14.  2341  ; 

1882,  15,  8:i4,  1992:  (iabrici  and  Meyer,  ibid. 
1881,  14,  823;   Gabriel  and  Borgmann.  ibid. 

1883,  16.2061;  Ml  V.  ,,  Ch-m.  Z.„f  r.  isS'.  r,|(j; 
Ber.  1888,  21.  latMi;  IkiL^oii,  ib^d.  Ih77,  10, 
63i>,  lt».17;  Jackson  and  Hobirisoii,  Amer. 
Chum.  J.  11,  541  ;  Jackson  and  (.'arlton,  Hiid. 
1904,  31,  360;  Jacksun  and  Shortt  Smith, 
ibid,  nm,  32,  16S;  U.  i.s.scrt,  Her.  HM»8.  41, 
3921;  i'raube,  ibid.  1882,  15,  2110;  and 
Mellinghoff,  ibid.  1889,  22.  3207). 

Homogentlsic  acid,  2  :  S-dihydroxyphenyl- 
aetlic  acid,  qutwlac^tic  actd 

C«Hs(OH),<)Ht-CO,H, 


oooura  in  the  nrine  of  certain  indiTidnala 

sutfering  frt'in  ulai ittunurin,  (hf  name  nlcapton 
being  appUeti  by  liodeker  (Zeit.  rat.  Med. 
1869,  7,  130)  t^>  a  rtnludng  snbstanee  occurring 
in  cH^rtain  urines  that  became  hrowTi  on  nddition 
of  alkali  in  the  presence  of  oxygen  {cum pare 
ako  Kirk,  Brit.  Med.  J.  1888,  2,  232;  1889, 
2,  1149).  The  acid  was  first  isolated  and 
identified  by  Wolkcjw  and  Baumann  (2!eitiich. 
physiol.  ('h(  til.  l.s<»».  i.'),  228),  and  the  naiiie 
homogenligic  acid  applied  to  it.  UomogentiHic 
acid  oeeurs  also  in  the  blood  eemm  of  alcan- 
tnnnrifs  i'A1)^lerhalden  and  Falta,  ZcK.sch. 
physioi.  Chem.  1903,  39,  143; ;  but  the  state- 
menta  that  it  is  found  in  sugar-beet  juice 
OM.nncrmann,  Chem.  Z<?it.  1899,  2,3,  213)  and 
in  seedlings  (Itertel,  Chem.  Zentr.  UK)3,  i.  178) 
have  not  been  confirmed  by  later  investigal  inns 
(Schulze,  Zeitsch.  physioi.  Chem.  1907,  50,  508 ; 
Sohnlse  and  Castoro,  ibid.  1006,  48,  396). 

Origin  of  homogrtviisic  acid  in  the  ofijunism. 
A<  cording  to  Kmbden  (Zeitsch.  physioi.  (  hem. 
1895,  17,  182;  18,  304);  Wolkowand  Baumann, 
(\.C.);  Mittrllnuli  (V\u-m.  Z.  ntr.  1901,  ii.  1213); 
Ncubttuci  und  I'alta  (Zvil.si-h.  physioi.  Chem. 
15)04.  42,  81);  Blum  (Arch.  exp.  Path.  Pharm. 
1908,  m,  273);  and  Neubau.  r  (DeuU  Anshiv. 
KUn.  Med.  1909,  95.  211).  homogentisic  add  is  a 
dc;;radjit inn  pmdurt  nf  plii-iiylidanin<"  and  tyro- 
sine, and  in  the  normal  individual  it  undergoes 
ultimate  oxiflation  to  carbon  dioxide  and  water, 
but  n\nng  to  an  idinsyncrasy in  nu  talxilisin  the 
ahuptonnric  excretes  the  acid  without  further 
change.  Dakin  and  Wakeinan  (J.  Biol.  Chem. 
1911,  9,  139,  151),  however,  maintain  that 
alcaptonuria  represents  a  condition  in  which  the 
formatitm  of  homogentisic  acid  is  abnormal  aa 
well  as  the  failure  to  effect  is  kataboiism  when 
formed,  for  snob  indlvidnak  haTe  not  loat  their 
pnwer  In  kafalH.lise  siinplr  d<Tivaf  ives  nf  phenyl- 
alanine andtyroHine  i« .(/. /)-raethylphenylalaoiue 
or  p-methoxyphcnylalanine)  provideid  their 
stntetiire  i.s  ii  tliat  the  formation  of  suljstanoes 
of  the  iyi»e  of  iiomogenti.sic  acid  is  excludei]. 

The  mechanism  of  the  change  whereby 
tyrosine  is  conrerted  into  homogentisic  acid  is 
somewhat  obsotire.  .According  to  Blum,  Lc, 
Friwlmann  (lieitr.  Chem.  Physiol.  Path.  1908. 
1 1 ,  304),  lieubauer,  j.c.,  '  ISuwa  (Zeitaoh. 
{ihysiol.  Chem.  1911,  72, 113),  the  aide  chain  is 
tii-t  dfjraded,  then  a  rrlat  i\i-  >  hivnge  of  position 
of  tlie  bide  chain  and  the  hydroxyl  group,  and 
a  secondary  oxidation  take  place  ooncurrently 

HO,  .CHj-COJl 
CH,CH(Nir,)CO.,H     f  OH 


\ 


\  \     ->      ft  Ii  - 

OH  OH 
Tyrosine.  Homoiientlsic  acid. 

The  average  excretion  of  homogentisio  add 
in  cases  of  alcaptonuria  is  f a  '  \  iiiifonn 
(Garro<l  and  Hde,  J.  Physiol.  1900,  33,  198)  ; 
the  amount  is,  however,  increaaed  by  the  admin- 
istration of  tyrn-iin*  nr  phenylalanine,  or  of 
pcjitidcs  or  pnjUiil.s  lliat  yield  tyrosine  on 
hvdruh>iis  (Einbden,  Zeitsch.  physioi.  Chem. 
1895,  17,  182;  18,  304;  Falta  and  Ungstein. 
ibid.  1903,  37,  513  ;  Xcubuuer  and  Falt^i,  iftw/. 
I'.KH.  42,  HI  ;  AlHlcrhahlcii  and  Bloch.  ibid. 
1907,  52.  435;  53,  4(>4 ;  Abderhalden,  Massini, 
ibid.  1910,  66,  140 ;  Blum,  l.c. ;  Neubauer,  {.c). 
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Homogontiaic  acid  haa  been  Rynthesieed  by 
hcuting  quinnl  dimethyl  cthrr  dinhmlved  in 
OMboQ  disolpbida  with  ethylchlotucctatc  aiul 
adtirainitiiii  obloride,  and  subiMqaMit  hydmlyms 
with  rcrl  phi).sphnnjs  anrl  fuming  hydiiodi"'  ;u'icl 
of  the  methyl  ether  of  humugeutiaic  acid  thu8 
ubtAined  (Osbofnet  Ptoo.  niyaoL  Soo.  1903» 
13,  14). 

HumugeDtisic  acid  forms  urii<mii  that  melt 
«b  146>6M47%  and  pan  into  laekme 


OH<I,H.<^J>CO, 


nup.  lOr.  The  had,mU  Pb(C,H,04)„3H,0 
hfis  111  jv  '2\i''-2\')^,  is  soluble  in  675  parts  of 
wiitt!  It  i-ti^.  and  advantage  ia  taken  of  this 
spariiiL'  tlubility  in  the  igcilution  nf  the  acid. 
The  ahul  esUr  htM  m.p.  UO^-ISO" ;  the  dimethyl 
tiher  (0Me),C,H,-CH,-<'O,H  has  m-p.  124-6°; 
and  it«  methyl  ester  {OMe),C,H,-CH,CO,Me, 
m.p.  45"  (Wolkow  and  Baumann,  Zeitacb. 
physio].  Chem.  1894,  15.  228 ;  BaumauB  and 
Frankl,  (hid.  20,  221).  Dlbnizoi/lhomogmtii- 
amide  has  m.p.  204""  (Urton  and  Garrod,  J. 
FhynoL  1901,  27,  89).  Uomogentute  aci<l 
rodtices  ooppcr  and  silver  ealta  veadily,  gives  a 
blue  colour  with  ferric  chloride,  and  yield.s 
gentisic  acid  (2  :  .'l-dihydroxylH'ii/.nic'  a('i<l)  and 
qoitial  on  luaioa  with  notasiuum  hydroxide  at 
196'~198".  For  the  otaeiniatry  of  the  oolour 
rva<  titins  afforded  by  homogentiHic  acid  with 
amineti,  ^ce  Moraer,  Zeit^ch.  phyniol.  Chem. 
1910.  69,  329. 

EttiiiiMiion. — Homopcntisic  acid  in  urine  is 
estimated  by  un-asuriiig  lU  reducing  action  f»n 
ailvor  nitrate.  10  cc.  of  the  filtered  urine,  10  c.c. 
of  ammonia  solution  (8  p.O.),  20  o.o.  of 
mli^r  nitrate  solution  aTO  placed  in  a  flaak,  after 
five  miii\itcs  ")  Ii  ps  of  f-alcium  chloride  and  10 
drope  of  amtitutuum  carbonate  solution  are  add&d, 
the  Mention  made  up  to  50  o.o.,  and  the  silver 
estimated  in  half  the  filtrate.  One  niuln  viU-  nf 
homogcntisic  ai^id  rtnJutaiij  4  atoms  i>f  silver 
(liaumann,  A>itsch.  physiol.  Chem.  1895,  16, 
268  ;  Denigis,  J.  Pharm.  Chem.  1897,  [vi.l  5, 60  ; 
Garrod  and  Hurtley,  J.  Physiol.  1905,  33,  206). 

PHENYLALANINE,     fi-pfu  ni/l  a  aminopro' 
pionie  acid,  &-utninohinlrocinnamic,  acid 
C,H,c:H,CHtNll,)CO,H 

was  diaeovered  in  the  etiolated  seedlings  of 
Lupinm  'r  ^  (Scbidze  and  Barbieri,  Ber.  1^7'>, 
12,  1924  ;  iml,  14,  1785),  and  occurs  in  many 
Other  germinating  plants  (Schuixc,  Zeit^wh, 
physiol.  CTiem.  1888,  12,  405 ;  1892.  17,  193; 
1894,  20,  306;  1896,  22,  411  ;  1900,  30,  241). 
\\  nitcrrttein  {ibid.  1904,  41,  485)  found  if  among 
other  pfoduota  of  pcoteid  hydiolysia  in  Emmen- 
thaler  eheeee;  rad  Abdeiiialdea  and  Barker 
(ibid.  1904,  42,  524)  showed  that  it  (K  cnn*  in  the 
urine    dogs  suffering  Irum  phue»phuruM  puiBuuing. 

i'he  naturally  occurring  phenylalanine  (t- 
phenylnlniiinf)  originates  from  (he  luotein  of 
the  gerniniatiiig  plant,  and  it  can  aJhO  bu 
nadily  obtained  by  tlie  hydrolysis  of  a  large 
nombcr  of  proteidn  (v.  PjiuxsiMa)  hy  means  of 
hydrochloric  acid,  stannous  chloride,  or  baryta 
(Schulze  and  Barbieri,  ISSn,   16,  1711; 

kcitoch.  phyniol.  Chem.  1884,  9,  63) ;  it  occuns 
in  that  fraction  of  the  esterified  products  of  hy- 
flrf •lysis  that  ^xMh  at  no='-160''  0  5  mm.,  and  is 
isolated  by  precipitation  from  the  mixed  eutcrs 
by  means  oi  water  (Blscher,  ibkL  1901, 33, 412), 


or  by  means  of  its  sparingly  soluble  copper  salt 
(.Si'hulJte  and  l:tarbieri,  .1.  pr.  Chem.  1883,  [ii.] 
27,  337  J  c<jmpare  iSchulzu  and  Wintentein, 
Ber.  1902,  35,  210). 

Synthesis. — TheconHtttution  of  phenylalanine 
was  determined  by  Erlenmeyer  and  Lipp  (Ber. 
1882,  15,  1006),  whoaynthemsed  it  from  phenyl- 
acetaldehyde,  hydrogen  cyanide,  anil  ammonia 

U,H.-CH.CHO  ->  C,H4  0Hj  CH{NH,)CN 

->  C,H,-CH,-CM(Nlls)<  OjH. 

PiSchI  (Attf.  1883,  16.  2815;  1884,  17,  lt;ir>} 
obtained  it  bv  the  reduction  and  8ubseqiient 
hydrolysis  of  benaoy  laminooinnamic  acid 
obtained  by  the  ooDdensation  of  bensJdehyde 
with  hippuric  acid  in  the  ptesenoe  of  aoetie 

anhydride — 

C.Hj-CHU  f  Cllgl Nil •< '( )  1  Ml iCO^H 

->  C.Hj  CH  :  ClNH  ( !OPh)C  O,H 

C-H,CH,CH(NH-COPh)CO.H 
^  C,H,-CH,-CH(NHg)CO,a 

For  a  oomplete  explanation  of  the  mechanism 

of  this-  reaction  whieh  is  more  rompjex  than 
indieated  above,  aee  Erleomeyer  (Anmilen,  1893, 
275,  1,  13) ;  and  Brieunsyer  and  Kunlln  {MA. 
1899,  307,  146). 

For  the  pre|teration  of  Hynthetic  phenyl- 
alanine Kiseher  s  niethod  is  the  most  praetieal 
(Ber.  1904,  37,  3062).  It  consists  in  the  pre- 
paration of  the  corresponding  bromo'bttv  aoid 
starting  with  ethyl  malonate  and  beoqrl 
chloride,  and  treating  this  with  ammonia — 

(CO,Et),CH,  -»  {rO,Et),CH  CH,-C,H5 
->  (CO,H),CH-CH,CH. 

(00,H),CBr'CH,  (\,n, 
CO,H  dlifir-CU,-€,li» 
CX)«H-GH(MH,)GH«-G«H«. 

For  other  method.^  of  synthe.si.'!,  .fee  Sorcnscn 
(Z;  it>.  h.phyi*iol.('hem.  1905.  44,  448)  ;  Wheeler 
and  Hoffman  (Anwv.  ("lieni.  .1.  Hill,  45,  368). 

The  phenylalanine  obtained  by  any  of  the 
synthetic  pnicesses  described  aoove  is  the 
racemic  (J/-)  form,  it  can  be  resolved  into  its 
optically  active  isomeiides  by  the  fractional 
crystalbsation  of  the  oinchomne  salt  of  the 
l«'nzo\l  (Krivativc  (Fisclur  and  Moiuie\rat, 
Ber.  i900,  33,  2383),  or  the  liruciue  salt  of  the 
formyl  derivative  (Kscher  and  Schoeller, 
Annnlen,  1007,  367,  1).  (/-Phenylalanine  tan 
be  obUuned  by  the  selective  action  of  veast  m 
a  sucrose  solution  on  rff-phenyialanine  (JBhtUch, 
Biochem.  Zeitsch.  1908,  8,  438). 

^Phenylalanlne  crystallises  in  anhydrous 
shining  plates  or  hydratid  m  edleij  containing 
4  p.c.  water  (jSohubce  and  VVinterstein,  Ix.i, 
soluble  in  32*4  parts  of  water  at  26^  m.p.  278* 

(con-.)  with  deoompoaition,  [a^  —351",  and 

has  a  sliphtly  )  iit  i  taste  (Fischer  and  S<  hocUer, 
I.e.).  The  copper  mU  (C,H,oO,N),t;u  is  almottt 
insolnUe  in  water ;  the  kydrochknide 

CHuOjN.HCl 
and  hydrobromide  are  crystalline  and  stable  j 
the  ethyl  ester  CsH,uN  CO,Et  is  an  oil  and  forum 
a  crystallino  hydmi  hlondc  CgHjoN'COjKt.HCI. 

[a]^^— 7-6'';  the  Jormyl  derivative  forni.H  .sharp 
four-sided  plates,  m.p.  167*^  (curr.),  and  has 
[afy  f76-2^;  the  brueine  salt  crystaOisee  in 
warty  massos  from  methyl  alcohol ;  the  benx^ 
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derivative  is  more  readily  sulublo  than  that  of 
tlH>  nuornio  form,  and  has  not  been  obtained 
pure  (Fistihcr,  Monoeyrat*  SohodUer,  Lc). 

Phyaioloyiealaelion.  In  the  normal  tndi  vidua! 

phrnylalanino  is  complf't<  !y  destroyed  in  the 
system,  ami  when  administered  as  a  food  it  oauses 
no  increase  in  the  amount  of  aromatiosttbatanoes 
in  the  uritie;  in  certain  abnormal  rnses  {alcapton- 
uriaj  the  phenylalauiu*-  is  nul  completely  oxi- 
dised in  the  system  and  is  excreted  in  the  form 
of  homogentisio  acid  (v.  Ehkkylacetic  acid). 

ct-Ptaenylalanlne  forms  beautiful  plates  soluble 
in  35-2  parts  of  water  at  16",  ni  p.  2S3°-284° 

(oorr.),  with  <IfV  omp<i.'<ifi(<ii  ;  |a]|^*' +35-08''  in 

2  p.o.  aqueous  solution  ;  Lojj^^  +7-07  in  3-5  p.c. 

aolntion  of  18  p.c.  hydrochloric  acid  (Fischer 
and  Mouiioyiat ,  l.r,.)  ;  ami  has  a  sweet  taste. 
The  hjfdro&mmuit  forms  silky  needioH^  the  fvrmyl 
derivative  CjoH,iO,N  crytteUiees  in  needles  or 

pUtee  (a^-7Q-4a»»  aolnUA  in  146  parte  of 

\ratpr  nt  27*',  and  melts  at  lfi7°  (corr.);  the 
betizoyi  derivative  Ci^HjjOjN  forma  ooiourleas 
needles,  M.p.  146M48*  (oorr.),  [olj^-l?-!"  in 
7  p.c.  X/1  alLili  solution,  the  cinchonim  soli 
melts  at  180*-18r;  the  pheHyUaocyanate 
C„ii„U,N,    has    m.pw    ISOMsI"  (corr.), 

[tt^+ftl-ST*  in  8  p.c.  alkaU  solution;  the 

tt'naphihylmtcyanafr  C.^JXi^O.^^ ,  ha.-,  in. p.  150°- 
161°  (Neuberg  and  Romberg,  Biochem.  Zeitech. 
1907.  6,  4,'>8). 

(i/-PhenylaIanine  cryst^lliMi-s  fmm  water  in 
short  stutitA'ii  prisms,  iroui  alculiui  in  shining 
platcH,  difficultly  soluble  in  cold  water ;  it 
melte  at  263°-2t)5°  with  decomposition  (Erlen- 
meyor  and  Lipp,  I.e.),  or  at  27l"*-273'*  (Stirensen, 
I.e.).  The  ariiliL-  dissociation  constant  is 
2-5XlO~'  aad  the  basic  dts.>iuoiatioii  oonatant  is 
l'3xI0->s<Kattits,  Pfluger's  Afohiv.  1807,  118, 
.'>37).  The  behaviour  of  phenylalanine  on 
heating  i.s  churat  icristic,  a  small  qtiaiitity 
sublimes  unchanged  (I'Ggrma.  yielded  <>  tiii  grm. 
sublimate  aft<jr  2^  hours  at  200"/l-.">-2  mm., 
JJakin,  J.  Biol.  Chem.  1909, 6. 23r,),  the  it  uiamdcr 
decomptjHes  with  evolution  of  carbon  dioxide 
and  water  and  formation  of  a  residue  of  phenyl- 
laetimide  (v.  infra),  and  a  distillate  of  phenyl- 
elhyhmine  (Schulze  and  Barbieri,  I.e.  ;  Krkn- 
uieyer  and  Lipp,  I.e.).  On  oxidation  with 
chromio  acid  mixture  phenylalanine  yields 
phenylact  t aldehyde  and,linally  lunzoic  acid. 

In  its  physiological  action  (i/-piienylalaiiine 
resembles  the  l-  form,  being eo tuple tely  oxidised 
in  the  organism  of  the  normal  individual,  and 
converted  into  hoiuogentisic  acid  in  the  cases  of 
alcaptonuria,  although  the  conversion  of  racemic 
nhenyialanine  is  less  oomplete  than  that  of  the 
«-  form  (Falta  and  Langstein,  Zeitsoh.  phyBiol. 
Chom.  1903,  37,  .'jI:?).  After  intravrnnus  or 
subcutaneous  injection  of  (//•phenylalaume  in 
oata  or  dogs,  a  large  amount  is  excreted  un- 
changf'd,  and  part  is  convert<  il  int.  >  /  < n  miilo- 
jS-phcuylpropionio  acid  (Dakju,  J.  Liul.  (Jiicm. 
1809,  6.  203). 

Derivatives  of  dl- ph  nylaUtninem  The  kjfdrO' 
thloride  Cyll^^OjN  HCl,  the  plaUnieMafide 

(C,H„0,N).-H,Pta„ 

the  nitralc  C»H,,0;X  nvOs,  the  stdflkaU 
(C,HjjOjN)all  .,b04,  the  jHcrate 

C,H,,0,N)/",H,0;N3 


m.p.  173°.andpicroiOTia<c  C,Hn0,N  Cj,H^0,N4. 
m.pb  238%  are  crystalline.  The  «opjpcr  salt 

(C,H,oO,N),Cu,2H,0 
is  sparingly  soluble  in  cold  water,  and  booomes 
anhydrrms  over  sulphurie  add ;  the  »iher  salt 

C^H,flO,N.Ag  is  sparingly  .'^olul'li .  TIu  '(hyl 
esUr  C^Hi^N'COiEt  is  a  thick  oil  Kpariiigly 
soluble  in  water,  Vp.  14;$'  lu  mm.,  sp.gr.  1-066 
at  15°,  forms  a  crystalline  vicrate,  m.p.  15fi-.'^'' 
(corr.),  hydrochloride  C,H,oN-CO,Et,HCl,  m.p. 
127°,  nitrite  C«H,oN  CO,Et  HNO„  and  a  diaso 
derivaiive  (ethyl  a-diazo-d  pht  iiylpropionate) 

C,H,-CH,-Cu\,)COgEt, 
a  golden-yellow  oil,  b.p.  90°-94°/ll  mm.,  sp-gr. 
1107  at  W^,       1-5367  at  16°  (Curtius  and 

MiiUer,  Her.  1904,  37,  12dl).  The  methyl  e^ier 
C,H,oN-CO,Me  has  b.p.  141V12  mm.,  sp  gr. 

1090  at  22°/4°,  v^^  i  r,203  at  20";  the  hydro- 
chloride  has  m.p.  i5»' ;  the  diazo  derivative 
C4H,  CH,-C(N,)C^,Mc,  bright  orange -coloured 
liquid,  b.p.  85°-87712  mm.,  .sp.m.  1-12(5  at 
2074°,       1-6436  at  26°  (Curtius  and  Miiller, 

dl-a-/l 'nino-3- phfui/I  pri>pti))tn}(ir(tal 
C,H6rH,CH(XH,){;H(0Et),. 
obtained  by  rt-ducing  tht-  i  thvl  rsu-i.  lum  b.p. 
103°-lO.^'  icorr.),  0-25  mm.  or  l,"i3-6°/ll  mm., 
sp.gr.  0-993  at  20°;        l-4WdSo  (Fischer  and 
KAmetaka,    Annaleo,    1909,    365,   7).  The 
kydnckloride  of  dl-pAsiiyUMssMorMe 
C,Hj-CH,C:H(XH,HCl)C(Xa 
is  a  colourless  powder  ;  the  amide 

C,HjCH,CH(NH5)C0NH, 
has  m-p.  138°-140°  (corr.),  and  yields  the  B- 
naphthalenemdplionyl  derivative  C,,H,jO,N,8„ 
m.p.  164°-166°  (corr.),  and  carbdhoxy-ill- 
phenyliil'iiuiieamide,  m.p.  141°  (corr.)  (Kocnigs 
and  Myio,  Iter.  IWS,  41,  4427).  Fonnyl  iii- 
phenylalanine  Ci^l  I ,  ,<  >;,N  is  soluble  in  240  parts 
of  water  at  27** ;  the  benzoyl  derivative 
C„H„0,N 

has  m.p.  1S7°-188^  (corr.)  (Fischer  and 
.Mounoyrat),  its  methyl  ester  C,,HnO,N-CHj 
melts  at  87°  (corr.),  and  its  ethyl  esfer  at  85" 
(corr.),  the  add  eMoriUk  C,jU,«ON<!O0I  has 
m.p.  J2.T  12.")"  with  decomp' sith.n.  and  the 
amidt  t'ljEi^UN  CONU,  melts  at  198°  (oorr.) 
(Max,  Annalen,  1908,  368,' 276).  PhenaeO^dl- 
phenyMantne 

C,H.CE,-CH(iill<XJ'CH,Ph)CU,H, 
m.p.    126<*  (Eflenmeyer  and  Knnlin,  Lc). 
Phi  n  '/U'h'tiniide     (3  :  6  •  dOeii^  -  2  :  H-dik^ 

piptrazinc) 

C.ii,  Clf,-CH<J?(-^^.\^^^rH-rH,-CeU, 

has  m.p.  300°  (oorr.)  (Eclunmcyer  and  Lipp, 
Lc  ;  Curtius  and  Miiller,  Le.), 

Ph*  riiil>.~<  o/'inalr  of  (il-ph-evylalanim  has  m.p. 
182°  (wiih  decomp.) ;  the  meihylmicyanatc  has 
m.p.  17«--17r',  [a]^-14*  8'  (VaHAe,  Ann. 
Chini.  r!iv>..  l!tns.  [viii.]  \:>, 

Jbor  a  dedcnptiou  of  the  preparation  and 
properties  of  the  chloro,  bromo,  ioclo,nitro,and 
amino  stilwtituted  derivatives  of  phenyialrin,m- 
in  vvliiuU  the  suh.stituent  i.s  in  the  benzene  ring, 
see  Wheeler  and  ('lupp,  Amer.  Chem.  J.  19(^, 
40,  337,  4.')S ;  Ahderhalden  and  Brossa,  Tier. 
1909,  42,  3411  ;    Eduumeyer  and  Lipp,  i.e.  j 


Digiiiztxi  by  Google 


PHBNYLOLTCINE. 


193 


Friedmann  And  Maosc,  Biochem.  Zeitacb.  1910, 
27,  97;  Flatow,  Ztitach.  physiol.  Cheiu.  1010, 
64,  367.  Numerous  poiyptptidai  containing  i  K  - 
phi  nyluliinyl  ladit  lf  aiv  described  by  Jxiu  Im 
ami  Suzuki'  (Bt;r.  iWi,  lil,  3306) ;  Curtiu.s  and 
Miiller  (.f.  pr.  Chem.  1904,  [ii.]  70,  223) ;  Fischer 
(Ber.  1904,  37,  3062);  Fiaoh^r  and  Blank 
(Annalen,  1907,  354,  1)  ;  Fbohw  and  SchoflUer 
{ibid.  1907,  357,  1);  AhMuMm  and  Bnoa 
(Ber.  1909,  42,  3411).  If .  A.  W. 

PHEHTLBENZYLHYDRAZHrE  v.  Htpra- 

PHEN  YLEME  BLUE  v.  Ibdamxnxs  Alio  Uioo- 

FHXNOLS.     

PHEMYIiBMB  BBOmi  •»  Aio-  ooloxibivo 

JiATTKBS.  

PHSNYLXHB  DIAIOIIES  «.  Diamises. 
o-PHENTUrai  MAZO  8VLFHIDS  v.  Biazo 

COMFOVKOS. 

IHBKYLDIB  VIOUBF  v,  TmAMnm  akd 

PHENYLGLYCINE.  This  compound  «ntl 
certain  of  ita  derivatives,  more  especially  i)lu'ii  \  I- 
glyoine  nitrtle,  piienvlglyouie-o>carboxylio  acid 
and  itfl  nitrile,  have  during  the  last  two  decades 
a**siinifd  ^rtat  technical  importance,  owinu  to 
the  fact  that  they  an?  all  intermf-cliato  pruducta 
in  thA  uannfacture  of  indigo  by  one  or  othcr^ 
of  the  procoaaes  baaed  on  the  oriftinal  synthetic 
method  of  Heumann  {<^,  Indigo,  AKTiriciAL). 

PlMqWvilM*  knilidoaoetic  add, 
C,H,NHCH,-00OH, 
may  bo  obtaincii  by  the  action  <>f  uuilini'  on 
chloroacctic  or  bromoacetic  ucid  (liuu.sdortcr, 
Ber.  1899.  22,  1799).  The  yielda,  however,  arc 
bad,  owing  to  the  iaot  that  there  ia  a  tendency 
for  two  moteoalM  of  aoid  to  oondense  with  one 
of  aniline.  To  avoid  thia  a  salt  or  ester  of 
obloroaoctic  acid  may  be  employ c<l ;  various 
other  pcooewes  have  also  been  suggested. 

Technical  meihods  of  prejMiration. 

(1)  Aniline  is  made  to  condense  with  an 
alkali  or  alkaline  earth  salt  of  chloroacetic  acid 
(Friawell,  Eng.  Pat.  18149,  1907;    D.  R.  P. 
177491).   The  condeiLnatiou  is  brought  about 
in  the  presence  of  hvdrated  ferrous  oxide  or 
carbonate  (Hochstcr  iFarbw.  D.  R.  P.  167698). 
An  ingenious  niodihcatiou  of  this  process  is  to  ' 
heat  an  aqueous  si'liiiu  n  of  chloroacetic  acid 
with  nitro'bensene  in  the  presence  of  &ixc\y  \ 
divided  iion,  which  first  brings  about  the  rednc-  i 
tion  of  the  nitro-l)enzene  and  then  forms  the  ! 
insoluble  iron  salt  of  phenylslycinc.    In  actual  I 
practice  it  is  found  advisable  to  add  a  small  \ 
quantity  of  aniline  to  start  the  reaction,  which  ' 
takes  place  at  100**.    When  the  change  is  com- 
plete, the  mixture  is  diMtiUcd  with  steam  to 
renwve  the  unchanged  aniline,  and  excess  of 
sodinm  oarbonate  is  added.  The  sohitiGn  of  the 
Kodium  salt  of  phenylglycinc  is  then  fill*  red  And 
the  phenylglycine  precipitated  by  the  addition 
of  miltdrario  aoid  fBdcbster  Farbw.  D.  R.  P. 
116797;  Eng.  Pal.  9700.  IHOr,). 

Amylchloroaeetatemay  be  emplu\ed  in.Htoad 
of  the  free  acid  to  condense  withaniline.  and  the 
rt^aulting  amvl  ester  i.s  then  saponified  (Lepp> 
mann.  D.  R.'P.  103515). 

(2)  Phenj'lglycine  may  aho  be  jnej.aM  il  l>\ 
thoreduotionotoxanilicaeidtCgU^'NH'C'UCOUH 
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which  may  be  obtained  in  good  yirlfl.«  hy  heatiir;; 
aniline  with  excess  of  oxalic  acid.  Two  nivthuds 
have  been  proposed  (1)  by  reduction  with 
sodium  amalgam  or  with  zinc  <lust  (Kopp  & 
Co.,  1>.  R.  P.  163842) ;  (2)  by  electrolytic  le- 
d  uc  t  ion  with  lead  cathodes  (Kindbeiger,  D.  R.  P. 
163842). 

(3)  Phenylglvchie  is  now  prepared  in  larae 

quantities  by  the  saponilit  ation  of  its  nitrifc, 
OeHg-NH-CH,-CN,  which  u)ay  be  obtained  from 
aniline  in  good  yields  by  the  action  of  prossio 
acid  and  fornialdehy<ie  (J).  R.  P.  145376). 

I'raptrltes  and  litiiclioits.  White  crystals, 
m.p.  127*,  moderately  (>oluble  in  water,  su^tfy 
so  in  ether,  but  eaailjr  so  in  the  usual  organic 
solvents.  It  forms  sohible  alkali  salts  and  a 
green  insoluble  copper  salt,  whicli  i.-  an  intc mal 
complex.  On  heating,  it  ios^  at  140"  a  molecule 
of  water ;  on  fusion  with  alkalis  it  loses  water, 
forniitig  indoxyl,  which  on  oxidation  in  the  air 
yielda  iiidigo;  with  lummg  sulphuric  acid  it 
forms  indigo  sulphonio  aoid ;  with  bromine 
water  its  aqueous  solution  gives  a  precipitate 
of  tribromophenylglycine ;  with  acetic  anhydride 
it  forms  acctyljihenylglyeine. 

TA«  cmvtraioH  oj  i^henjflg^ni.  into  Indigo. 
The  fusion  with  soda  or  potash  to  form 
indoxyl  and  the  8ubt<e(iuent  oxidation  of  thi.s 
compound  by  atmosphenc  oxygen  requires  a 
temperature  of  over  300**,  and  the  yields  of 
ii\digo  are  extrcmcdy  Tin.=atisfartory :  it  wan 
this  fact  \^hlch  made  the  orj<:iiial  Heumann 
synthesis  commercially  impraeticjilile.  Various 
condensing  agents  have  been  since  pruix>Ked, 
and  now  mdamide  is  employed  extennvely  and 
with  considenible  techniail  .--hik  in  >])ite  of 
the  expense  of  the  sodamide,  in  ilw  lloehiiter 
dye  works. 

AmotiL.'  other  snhstnncr-  which  have  been 
suggested  are  oudium  uxkIu  uuxed  with  soda 
(Bawler  ( 'hemischc  Fabrik.  D.  R.  P.  166691).  and 
also  calcium  carbide  and  magnesium  nitride 
(Hothster  Farbw..  D.  R.  P.  166213). 

Dtrimitw i>.^ l*httkijlgli/i  ( III  intthyl  etiltr  (m.j). 
48**)  and  tthyl  txitr  (in. p.  58°)  from  aniline  and 
the  oorresponiling  v«ter  of  chloroacetic  acid 
(D.  R.P.  19  JSS  J). 

Phefiylglyctnt  umtJt  ^lu.p.  133**)  from  aniline 
and  cbloroacetamide. 

PhenyUjlycint  nitrile  (m.p.  43**)  fro))i  ai.iline 
and  chloroacetonitrile,  and  also  by  iln  :i(  tion 
of  prussic  acid  and  formaldehyde  on  andino 
(Bender).  On  saponification  it  yiclUii  phenyl* 
glycine  quantitativelv. 

p-Hi/'lToj-;/pht  ni/g}i/fii'i  ainidf,  frfiin  chloro- 
acetaniide  and  jp-aminopiienol,  is  employ  ed  as  a 
phot<igraphic  devekiper  (D.  R.  P.  1G07W). 

Nilro  derivative^  of  pin  n vl;;lycine  are  de- 
scribed by  iJeutsch  (J.  pr.  Lhein.  1907,  [ii.]  76, 
350) ;  Borsche  and  Titsingh  (J'.er.  1907.  40, 
SOlO);  Eeveidin  (t&i(/.  1909,42,  4115);  Al  der- 
haldcn  and  Bhimberg  (Zeitsch.  physiol.  Chem. 
1910.  O.*),  318). 

J*hen^lgllfcine-o-4ulphonic  acid,  obtained  hy 
the  action  of  formaldehyde  and  ludrogcii 
cvanide  on  aniline-o-fulphonic  aoid  (Bradshaw, 
Amer.  Chem.  J.  1906,  35,  340). 

For  a  number  of  other  derivatives  of 
phenvlulveinesce  Mauthner  ami  Suida  (Monat^h. 
1890,*  IJ"  3S0);  Widninn  (Ber.  1H96,  29,  1946) : 
I  i  .  her  (ibid.  im\  :V2.  247);  Vc/rlandcr  and 
Wciasbrvnucr  (»6t<^.  1900,       556,  656);  Kabn 
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and  Hi  in  {ibid.  1902,  35,  570);  Schulz  and 
JooklieiLu  (^td.  lUUb,  41.  37^) ;  LeucLit  and 
Gheiger  (i6tf.  1721);  Kup©  and  Vsdteuha  (An- 
nalen,  1898,  TOl.  75)  :  Rupr,  Ihiberlien  and 
Rocalcr  (i6»ci.  7U; ;  I  lscIk  r  and  Schmidliii 
(ibid.  1905,  340.  190);  Piokard  (Chciu.  hi>c. 
Trans.  1902,  1574)}  de  Moulpifxi  (ibid,  1905, 
438) ;  Lami^re  and  Barbier  (BolL  800.  Chim. 
1906,  [iii.  I  38.  123) ;  Eng.  Pat.  6768, 1900. 

PlMiijrlgtyelne-O'oarbaiylie  add 

/\_COOH 

'  J— XHCH,-COOH 

\/ 

k  ftik  impoctent  intermediAto  product  in  tho 
manofiaoture  of  indigo.  It  »  obtained  by  tho 

oondcn«atiou  of  niktiinuiilic  acid  and  ohluro- 
aoetio  aoid^  aii^iu  tho  .case  uf  phenylglvcino, 
the  yields  are  bad,  but  on  irking  witn  tho 

BO<lium  salts  in  aqueous  eolulion  at  a  tcmpe- 
raturo  of  40*,  the  ^reaction  pioct^tidb  aiiioothly 
owing  to  the  &ct  that  the  sodium  salt  of  tho 
acid  crystallisofl  out  and  is  thus  piotoctcd  from 
further  action.  Various  other  methods  have 
been  8Uggc.-.tod  lur  iho  prui^aratioti  uf  phetiyl- 
gb[oiQe>o*oarbozylio  acid;  by  htutwg  authra' 
nuio  aoid  or  ita  salts  with  oarbobydrates  sudi 
as  starch  Qr  niiiiuiitv  or  with  clycLiol  (Btidische 
Amlin  und  Hoda  i  abrik,  D.  R.'F.  111067) ;  by 
heating  glycine  with  o^hknobeoaoie  add  in 
the  prcsctice  uf  copper  snh«,  whirh  act  as 
cauly^Us  (Cii'.  Partb.  CouL  d'Anilui,  Ft.  Pal. 
306302);  l>y  the  formation  ami  subsequent 
saponifloalion  of  w-cyanomethylauthranilic  acid 
(exottitrile  of  phonylglyotne) ;  by  the  action  of 
fortnalilehydf  aud  j)ru.->sicacidon  ant  hranilic acid 
(c/.  phcnyiglycine  nitrile).  This  method  is  used 
extensively,  and  is  the  subject  of  varions  patents 
(Farbw.  .Miililh-m.  1).  R.  P.  117924  ;  Bndische 
Anilin  und  Ooda  Fabrik,  D.  R.  P.  210748). 

Properties  and  Reactions.  Wiiite  crystals, 
m.p.  215"  (docomp.)  ;  soluble  in  hot  water, 
alcohol,  other,  or  acetic  acid,  but  almuol  in 
■oiublo  in  benzene  or  chloroform.  On  heating 
with  \^'atcr  it  loses  oarbou  dioxide  and  forms 
phenylglycine;  on  fusion  with  alkalis  it  first  gives 
the  salt  (if  mtloxyliarboxylic  acid  and  then 
indozy  i,  which  ia  tho  presence  of  air  is  oxidised 
to  inaigo  (Badisdie  Anilin  und  Soda  Fabrik. 
D.  R.  P.  111067) ;  on  healing  ^\  itli  >o<liuui 
acetate  and  acetic  aidiyiiridc  it  furuis  diacetyl 
indoxyl  (Bayer  and  Co..  D.  R.  P.  85071) ;  mth 
fuming  sulphuric  acid  it  forms  indigoaulphonic 
acids. 

Derivatives. — Phenvlglycine-o-carboxyliqacid 
being  a  dibasic  aoid,  U)rms  two  series  of  mono 
esters,  two  nitriles,  fto. 

DirutlJu/l  aiid  diethyl  esttrs,  fioiu  tlio  esters 
ut  LiUluruacctic  aci<.l  and  anthrauiiio  acid 
(Hochftter  Farbw.  D.  R.  P.  111911) ;  also  from 
the  acid  itself  aii<l  al.  ohol  (1>.  B.  P.  120f:?M}. 

Ezonitrile  {v.  iibove). — Its  acetyl  dorivaiive 
is  obtained  by  the  oxitlation  of  acctyl-o-tolvl- 
glycine  (Bayer  and  Co.,  D.  R,  P.  102892). 

Halotjcn  derivatives  of  phenylglyciue-o- 
carboxylic  acid  are  readily  obtained  by  the 
action  of  liaiogeas  on  the  acid  suspended  in 
glacial  aoetio  acid  (D.  R.  PP.  148615,  168089, 

^iUrtJ  <!«  ri  .  ii  i\e.s  of  the  acid  are  dencrilxHl 
by  PurgDtii  uk  I  i.iuuiin©  (Ga2z.chin1.itul.  I9t>3, 
33,  [ii.J  Zi^),  jSchwarz  (Monatah.  1905,26, 1253), 


42,  3541) ;  also  by  Vorilader  anc 

1902,  36,  1699 ;  D.  R.  PP.  21674 


Nitrn^-n  rli  ri\aiiv(i=,  which  are  alfco  used  in  tht 
produciiun  of  iiidigo,  kaxu  been  prejjanHl  by 
Vorlandcr  (Ber.  1901,  34, 164  ;  D.  R.  P.  127577). 

Some  other  derivative  of  the  aoid  and  est«r^ 
are  described  in  J).  R.  PP.  138207.  141698, 
147t>33;  also  by  Lumii  ir  and  Pt  rrm  (Bull.  Soc 
Chim.  1903,  Jiii.]  30,  966);  ViUigcr,(Ber.^l9U», 

\AMnmva»  (Bet. 
48;  220839). 
PHENYLHYDRAZINE  r.  H  vdhazixes. 
P  H  E  N  y  L  H  y  D  H  AZ 1 W  £  A  C  E  T  Y  L  f .  1  •  1  i ; . .  L 1 . 

PU£NYLHYDRAZIll£-p-SUI.fHOIIlC  ACID 
V.  Hydbazinf-s. 

PHEMYLHYDRAZONES  r   li  i  1  BAZof KS. 

FHEMYL  HYDB06EN  SULPHATE  «. 
PmroL  AKD  m  BOMOLoamn. 

PHENYL  ORTHO-OXALATE  t.  Atam. 

PHENYLOSAZONES  v.  liYDBAmnMB. 

PHENYLPARACONIC  ACID  v.  Lxcrtovea. 

FHESIN.  A  sulpho  derivative  of  phenacetin 
C,H,(U  U,U,)(SO,Na)(NH<X)'CH,)  used  as  an 
antipyretic.  Is  a  light-brown  amorphoos 
powder,  soluble  in  water,  giving  a  Bismarck 
brown  solution  (v.  Sykthetic  dku(»). 

PHILADELPHIA  YELLOW  0  Ohriftamlitit 
«.  Agiusins  DYJssTuyga. 

PHLOGOPITB  V.  Mica. 

PHLORIDZIN  V.  Glucosides. 

PHLOROGLUCINOL  v.  Poj^oi.  ami>  m 

HOMOLOUL  ts. 

PHLOROL  '['ho  name  originally  given  Ly 
UJasiwet^  (Auuuieu,  1857,  1^,  ItiGj  ta  the 
homologue  of  phenol  obtained  by  the  dry  dis> 
UllatioQ  ol  barium  phlorotate,  and  shown  by 
OUveri  (Oazz.  chim.  ItaL  1883.  13,  264)  to  be 
identiciU  with  o-ethyIphc>n"I.  The  term  is  also 
applied  to  the  mixture  of  j^lenois  Uiat  occur 
with  oreoeol  in  the  fraction  of  oraoaote  ot  kpt, 
217*  2  >*>^  f     r    .  ,  Atxnalen.  1869,  152,  76). 

PULOSC£iN£  V.  TfuraKMYUixmucs  col- 

PH0CEN1C  ACID.  A  naoa  given  Omt. 

reul  tu  I  ^valeric  acid. 

PHCENICITB.     Btuic  ImA  etromole  («. 

CiiH(nfiuM). 

PH(ENIN  itud  PHCENICEIN  PlwBnin 
C.illigOj.tho  glucoside  of  th  -  ii  uco  compound 
of  phcenioein,  ia  found  in  the  bark  paren> 
chyma  cells  of  the  Oopaifara  bradtoia  (Bentb.) 
{puijile  wnud),  and  crystallises  from  water  m 
minute  colourless  needles  or  rods,  which,  on 
standing  in  air,  develop  a  faintly  violet  tint.  By 
boiling  witli  methyl  alcohol  and  hydrochloric 
acid  pkuLtiiii  ia  converted  into  phcsiiioein* 
and  on  addition  of  water  to  the  acid  aolvtioil  ia 
deposited  as  a  red  pmvdi  r  soluMe  in  nmrnonia, 
with  a  violet-blue  culouiaiiou.  Purple  wood 
yields  aporojdmately  2  n.e.  of  phoDuiocin. 

A,  Q.  P. 

PHfENIX  POWDBS  v.  Ezpuwivm. 

PHONOLITH.  A  mixture  of  sanidino  and 
nopheline,  ooataiuing  about  9  p.c.  ol  potash. 
Used  as  a  fertiliser  (Krisehe^  Cbem  Zeit.  1910, 
34,  387). 

PHOSGENE  yAl>.  J.  Davy's  name  for 
oarl>onyl  djehlcride  or  oarbou  o^ycUocide, 

I  V.  Cabbok. 

I  PHOSGENITE.  A  lead  chloro-corbon&te 
i  PbC  r:  '  -  .  V.  Lead. 

PUOSOI  V,  Sykihkxio  deoos. 

FHOSPHINB.  A  ayn.  lor  phosphotettod 
I  hydrogen  PHa,  9,  VmoBtmoaajs,  0aea  also  to 
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PHOSPHORUa 


195 


designate  the  nitrat«  of  ohijmnQiiiie  or  diamino- 
phenykcTidim  Ct»H,||fB«HKOa,  v. 

PHOBPHOHOLTBDIC  ACID  «,  Molybdx. 

SXSM. 

PHOSPHOR  BRONZE  v.  Tin. 

PHOSPHORITE  and  ROCK.PHQSPHATE. 
General  teraoft  applied  to  comjpoct  or  indiii- 
tinctly  crystttlliaed  forms  of  culcnim  phosphate, 

of  varying  dtgroes  of  purity,  which  uie  often 
regarded  as  uiassivo  varieUes  of  the  mineral 
apatite  (g.v.).  It  is  probaUe,  howover,  that 
•averal  ullietl  uiincral  hpo'  i-  s  nrc  represented, 
and  that  tlxo  matcrini  is  u.^u^ily  a  mixture  of 
these,  tc^ethor  with  various  impurities.  The 
materials  are,  in  fact,  more  of  the  naioie  of 
rocks  rather  than  aimple  minerals. 

The  t«rm  phosphorite,  lirst  used  by  R. 
Kirwan  in  1794  as  a  sjuonym  of  apatite,  is 
more  properly  ratriotod  to  the  ooncretionary 
and  stalactitic  masses  with  a  mamillatefi  form 
exteiually  and  often  a  minutely  radiu-libruus 
or  convoluted  structure  internally.  Such 
material,  although  often  containing  calcium 
fluoride  in  addition  to  calcium  phu«piuite,  ditfer» 
from  crystallised  apatite  in  containing  a  smalt 
proportion  of  calcium  carbonate  and  water. 
FhMphorite  is  generally  fonnd  filling  pockets 
or  veins  in  limestone  ;  f  r  t  \  luiple,  in  Eatre- 
madura  and  Quercy ;  and  in  the  Pacific  and 
West  Indian  islands  it  has  obrkntdy  been  formed 
by  the  action  of  phosphatiq  ^nhitions,  leached 
from  guano,  on  the  underlying  coral-lime- 
stone. 

A.  Lacroix  (Compl.  rend.  1910,  150,  1213, 
1388 ;  Min6raIogie  de  lu  France,  lUlU,  4,  555, 
from  a  microscopical  study  of  the  French  phos- 
phorites*  aenarates  them  from  apatite,  and 
pilaees  them  in  a  aoparate  division  of  his  olassifi' 
cation  comprising  lonibinatlons  of  phosphates 
and  carbonates,  lu  this  divi^sion  he  recognises 
as  species : — 

Pahllit*,  2Ca3(PO,)„  CaC03  Ur,0. 

Franculite  (and  its  iibroujs  vuiioty  staffelite, 
or  •  hydroapatitc '), 

(CaF),Ca^(P04),CaC0,-H,0. 

Coilo-  j*LC;»,iP04)t]yCaCO,-xHgO. 
pbanite\a;(0aP)t0a,(PO«)«*y0s<X>s'aH,0. 

The  fibres  of  fxjth  dahllitc  ami  staffelite  tu  o 
optically  uniaxial  (or  nearly  so),  with  a  negative 
birefringence  a  little  greaterthsn  that  of  apatite. 
Collophanite  is  amorphous  (colloidal)  and 
optically  isotropic ;  and  with  its  vitreous  to 
resmoos  lustoo  and  conehoidal  fracture  resembles 
opal  or  gum  in  appearance.  Only  exceptionally, 
however,  do  any  of  these  minerals  occur  alone 
in  tlu'  French  phosphorites  ;  m  a  rule,  they  form 
interbaoded  mixturee,  so  intimately  that  a 
meohaiuea]  separation  of  them  is  imposslUle. 
For  this  typo  of  mixed  phosphorite  the  name 
quercyite  is  proposed ;  quereyite-o  when  the 
oryatalline  element  is  optically  negative,  and 
qncrcyito-9  when  it  is  ojrticolly  positive  (thv 
orysLuJliuu  element  iu  thu  Utter  cose  not  curr*-- 
spondiiig  with  any  known  species). 

The  following  analjrses,  oy  Pisani,  are  giveo 
by  Xjsoroix ;  in  these  it  is  seen  that  the  SSw' 
f-nct  s  in  '  i)nip<)>ilii ai  in-  <»nly  slight.  I.  Duhllite 
from  Mouillae,  Tarn- ct- Garonne.  II.  CoUo" 
phanite  from  Poozillac,  Gatd.  III.  Quercyite-a 
Icom  Hooillsc^  Tam-et*GavoniMi.  IV*  Queroy-  j 


ite-jS  from  MooiUac.  V.  Quercyite  from  Castillo 
do  BelmeK»  pcov.  Cordova,  Spain. 


CaO  . 
F  . 
CO,  . 
H,0  . 

Fe,0.,Al,0, 


I. 
SB'40 

53-65 

(') 
5-30 

2-10 

0-57 


II.> 
37-40 

49-73 

3-76 

7  05 


in. 
31 -eo 

400 
4«> 


IV. 
36-60 

Uii3 
4-62 

6  00 
1'30 


V. 

62-£0 

(') 
6-70 

3  20 

0-S5 


lOO  OU    99  0  J    99-7.')    99*80  100-00 
Sp.gr.    2y7      2-liy-    2-63-    —  ~ 

In  the  rock-phosphfttcs  occurring  as  nodules, 
pebbiee,  and  copioiites  in  sedimentary  rocks, 
or  simply  ns  impregnations  of  phoephatio 
material  in  the  rocks  themselvm,  the  minera* 
logical  identity  of  the  material  is  atiil  less 
definite.  For  details  of  ooonrrence  and  pro- 
duction, see  the  article  Fkrtiljsebs. 

i?c/.— G.  r.  Werrm,  The  Non-metallic  Wm- 
crals,  2nd  cd..  New  York,  1910.  O.  Stutzer, 
Die  wichtinten  Lagerst&tten  dor  'l^'icht-Frze,' 
1911.  i.  260-462.  X.  8fainier,  Bibliogrnphie 
gineraJe  des  gisenu-nts  de  phosphates,  2nd  ed., 
Annales  des  Mines  de  Belgique,  vii.,  1002  ct  sea, 
F.  Wyatt,  The  Phosphates  of  America,  Sth  ed.. 
New  York,  1894.  A  Deckers,  Etude  cnmpl^'te 
sur  leu  phosphates,  I^i^gc,  1804.  J.  J.  B.  Teall, 
The  Natural  History  of  Phosphate  Deposits, 
Pcoc  OeoL  Assoc  1800. 10,  368. 

L.  J.  S. 

PHOSPHORUS.  Sym.  P.  At.w.  3104.  Va- 
pour density  at  61*82.  From  ^ws,  light;  sod 
4>«po».  I  bear.    Phosphonis  was  aondentally 

di:ri  vrred  bv  an  alchemist  named  Brandt,  of 
tiauburg,  wliile  experimenting  with  mine,  in 
the  year  16C9.  As  urine  contains  only  a  small 
qimntity  of  phosphoric  arid,  phospliorus  was 
not  generally  known  till  about  100  years  after, 
when  Gahn  m  1769 _aliowed  it  to  bo  an  essential 
constituent  of  bonesVand  Schccle,  taking  ad\  ant- 
age  of  tliis  discovery,  made  phosphorus  f rum  bone 
ttsh.  It  is  stated  "  tliat  15r/indt  by  a  secret  pro- 
cess *  succeeded  in  preparing  phosphonis  nom 
urine,  and  he  is  said  to  have  sold  the  seeret  of 
the  manufactxire  to  Krafft,  fron  !nm  it 
appears  that  Kunkcl  ie«nit  what  he  knew,  and 
published  in  the  year  1678  a  pamphlet  on  this 
remarkable  product.  In  those  early  days 
phosphorus  was  a  very  costly  body,  being  valued 
as  one  of  tlie  most  remarkable  and  interesting 
of  ohemiosl  substances.  Krafft  exhibited  it  as 
one  of  the  wonders  of  nature  to  various  crowned 
heads,  among  otbur^,  in  the  jesx  1667,  to 
Kins  Charles  11.  of  Kngland. 

from  the  fact  of  ths  presenoe  of  phosphorus 
in  bones,  its  univorKal  diffusion  in  nnture  might 
have  been  cuspected.  In  fact,  n]ion  a  hoil 
free  from  phosj^onis  no  plant  eouM  grow,  as 
its  presence  is  essential  to  the  formation  of 
the  plant  structure,  and  is  found  in  la[get<t 
quantities  in  the  seed  and  fruit.  Phosphorus^ 
likewise,  is  neoeasaiy  for  the  mowth  and  nutri- 
tion of  the  aainuil  tusnes,  and  is  present  both  in 
the  substance  of  the  brain  and  in  the  nervous 
matter  connected  therewith.  It  raukSi  therefore, 

'  Alt-o  2i'tt«0.KjO,  0-30. 

-  A  little  fluorine  Included  with  tl  «  A'/ij. 
The  ptwem  coiiaii>ted  iu  UiKtliliDg  cvnporatcd 
urine  with  wad  in  clay  retorts. 
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like  oxygen,  nitrogen,  hydrogen,  ciirbon,  &c.,  as 
one  of  tho  clomonU  necessary  to  the  building 
up  nf  tile  aiiiiii  il  and  vegetable  body.  Besidett 
being  pruacut  in  ail  iiuitiul  aoiln,  phouphorua  in 
found  in  most  spriogs,  in  all  riTeis,  in  the  wa, 
and  uwn,  it  in  btate>d,  in  minute  trncce  in  tho 
atmoHpiirre  (Barral).  At  one  time  phosphorus 
was  con^dered  to  be  a  compound  body  containing 
•  phiogistuu  '  and  an  acid,  till  I>avui.-.iiT  iavesti- 
gatiid  the  smbjcct  iu  tiu.-  y«.ar  178U,  aud  i>huwed 
that  when  phosphurus  is  burnt  in  air  the  acid 
produced  weighed  more  than  the  phosphorus 
Itself,  the  increase  in  weight  being  due  to  the 
oxygen  of  tho  atmosphere  with  which  the  phos- 
phorus had  comblaed  (Opufiouiies  Pi)yuq.uea  et 
Chimiquefl,  17  i4). 

Up  tu  the  yeor  1845  the  *  yellow  '  or  ordinary 
phosphorus  was  tho  only  variety  known.  *  Red ' 
or  'amorphous'  phu^puorus  wa;j  discovered  by 
SchriUter  in  ISiii,  although  its  exi^jteuce  had 
bucu  previously  observed  by  other  chemists, 
wlio  had  misunderstood  its  nature.  Other 
modifications  of  phosphorus  will  be  referred 
to  when  discussing  the  genend  properties  of 
the  element. 

Scheele's  method  of  producing  pboaplioius, 
fint  pabtuhed  in  *  Gaxetto  Salutaire  de  BonUlon  * 
in  the  year  177r),  runsisted  in  dissolving  bone 
ash  in  nitric  ucid,  and  then  removing  the  lime 
aa  aolphate  with  sulphuric  acid;  but  this  method 
was  afterwards  bitiipliliud  by  Nicholas  and 
i'eliutief,  wliu  dceumputicd  the  bone  ash  direct 
by  sulphuric  acid,  and  further  improved  by 
Ji'uuroroy  and  Yauqueliu,  who  determined  the 
ezaot  quantity  of  sulphono  acid  ceqoixed  for 
the  oompiete  aeoomposition  of  bono  aih. 

Tarn  Makutactuab  ov  FEoeFHOBUs. 

(o)  The  Rtiiv  Mnt,r;,ils.^P!io.-<phaieii.  Of 
all  tho  phosphates  now  to  be  had  iu  the  market 
poM  bone  ash  is  to  be  preferred,  other  things 
being  equal,  iuasmttch  :rs  it  contains  a  high 
pertiontogi)  of  calcium  phosphate ;  it  is  oasUy 
deoomposed  by  solphurio  aoid ;  and  it  contains 
only  small  quantities  of  magnesia,  oxide  of  iron, 
and  silicious  matter. 

On  the  other  hand,  it  has  to  be  considereil 
that  bono  ash  probably  coats  more  toniaiy,  pw 
unit,  than  any  other  form  of  calcium  phoe- 
phati- 

Pure  bone  ash  (from  ox-bonej  possesses  the 
following  composition  >^  ^  • 

Per  ceut. 

Phosphoric  oxide       «      .     '  .  39-55 

Lime  62-46 

Majrncsia  .        .        .      .  .  102 

Perric  uxidu  ....  0-17 
(.'arbon  dioxide,  aUcalis,  &c.  .  4-43 
Water,  carbonaceous  matter,  &o,  0-80 
Silicious  matter  ....  0-51 

Bone  ash,  as  met  with  in  commerce,  varies 
ecmdderably  in  composition,  the  amount  of 
phosphoric  acid  exiiiing  as  tri-calcium  phos- 
phato  ranging  between  27  and  37  p.c.  it  is 
chiefly  imported  from  South  America,  and  is  not 
obtained  »iiitirely  from  bones,  but  contains  in 
addition  the  ash  of  other  parts  of  tho  carcase. 
Subjoined  is  an  analysis  of  commercial  bone 
ask  :— 


Bom  Mhjrom  South  Annerica. 

Per  cent. 

Phosphoric  oxide       .      •    .  >  33 -(i8 

Idme   43*37 

Magnesia   1*14 

Ferric  itxidc       •        •        .        .  0-58 

Carbon  dioxide  •       •       .       .  4-22 

Alkalis     .       .       .       .       .  0-62 

Water,  carbonaceous  matter,  &c.  0-70 

Silicious  matter  ....  y -^y 

ioo-oo 

Another  very  suitable  caldnm  |khoq^tc, 

which  ij>  to  be  had  in  small  quantities  is  what 
13  kuuwu  as  precipitated  phosphate  of  lime. 
This  substance  is  obtained  as  a  by-product  in 
tile  manofactore  of  glue  from  Ijoniea.  The 
method  adopted  is  a  modification  of  the  B3rstem 
proposed  by  Fleck  (Wagncr'a  Cheuiical  Techno- 
logy, p.  543).  The  bones,  previuuaiy  crushed  and 
deprived  by  bailing  of  the  fat  they  contain,  are 
soaked  in  a  weak  soiutiun  (if  hydrochloric  acid, 
until  they  become  quite  boit.  The  clear  liquor, 
containing  the  ralcium  phosphate  in  solution,  is 
drawn  off  from  the  cartdaginous  substance,  and 
milk  of  lime  is  cautiously  added  to  it,  in  quantity 
suffii  ieat  to  throw  down  the  phosjihatef*,  which 
are  then  washed,  dried,  and  ci  Uected.  The 
foOowing  analyria  of  a  quantity  of  this  phos* 
phale  wliieh  was  used  in  the  maaufacturo  of 
phosphorus  will  show  what  a  very  rich  phosphate 
IS  obtained  in  thia  way  >^ 

FneipUattd  PhotphaU  of  Lime, 

fee  cent. 

Plu>sphorio  oxide  .      .  36<45 

Lime  44-88 

Thi^  pbuHphato  dissolves  easily  and  gives  an 
exotdlent  phosphoric  add. 

The  next  raw  material  to  be  referred  to  as  a 
source  ui  phoi^phoius  is  apatite.  Apatite  is  a 
pure  form  of  mineral  calcium  phosphate,  com- 
bined with  cither  >  aicium  fluoride  or  calcium 
chloride  fonuuig  ike  definite  ciiouiicid  com- 
pounds Jluor  ajxUitt  [Si\\.^{VUi)^-CakFt  or  chlor 
amUiU  (3Ca^P04)2-CaCla).  The  pure  crystals 
of  the  former  contain  42-26  p.c.  phosphoric 
oxide,  while  the  crystals  of  tho  lattt-r  con- 
tain 40-92  p.c.  This  Isst  variety  is  not  so 
largely  imported.  Floor  apatite  comes  from 
Canada,  and  also  from  Spain  under  the  name  of 
Spanish  phosphorite.  The  Canadian  phosphates 
are  frequently  highly  crystalline  and  of  a  light 
green  or  rt'd  colour.  Tlicjare  found  in  the  Ottawa 
district  of  Cauada,  iu  tlie  volcanic  ruckb  of  2<iew 
'lersey  and  New  York,  and  other  places  in  the 
American  continent.  They  contain  neither  or- 
ganic nodules  nor  fosrils,  as  many  other  phos- 
phates do,  but  have  the  pliosphoric  aeiil  cveidy 
distributed  through  large  masses  of  the  rock. 
The  following  amuyses  ol  two  lots  of  Camtdian 
phosphate-^  will  give  some  indieatioo  of  their 
general  composition  : — 

Canadian  Calcium  Phosphate, 
Per  cent 


Phosphoric  oxide  . 
Lime         .  . 
Ft  rrie   oxitie,  Almiiiwa. 

J'luorinp,  &c.  . 
Siliciou.H  matter  . 

Water  and  loss  on  ignition 


33-51 
46-14 

7-83 

U-iH) 
0  62 


I  '  f  lit, 
37-68 

b-88 
4-29 

Oil 


100-00  100-00 
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The  abflcnce  of  carbonates  makes  the  com- 
pli  tc  (iecorapoi^on  of  this  phovplutte  with  sul- 
phuric ncirl  troublesome  and  tadiofl*  when 
operating  on  large  quantities. 

The  Spanish  variety  of  apatite,  oatted  also 
EMratnadvriUt  hfts  too  ioUowiqg  peroentage 
composition : — 

Spanish  PhoapJionle  (\WJker). 

Per  cent. 

Phonpharic  oxide       .       ,       .  33-38 


Liiiiu 

Magnesia  . 
Owbon  dioxide  . 

Ferric  oxitle  » 
Alumina    .  . 
Fluorine  . 
^ilicious  nutter  . 
Water 


47-16 
trace. 
410 
0B7 

2-  59 
0^9 
iOl 

3-  71 
3-59 

100  (to 

Another  phosphate  uaod  ia  the  mannfaotnre 
of  phosphofiu  and  found  very  mitaMe,  iMth  on 

account  of  ita  comparative  freedom  from  iron 
and  the  presence  of  a  certuin  amount  of  carbon- 
ates, ia  *  Sombrero  pl>ospbitc,'  obtaiiMd  from  the 
small  uninhabited  inland  of  that  name  in  the 
Caribbean  Sea.    It  contains  tlie  following  : — 


SotrUiftro  PhasphaU, 
Phosphotio  oxide  • 


Ferric  ox!  Ii  md 
Carbon  dioxide  •  • 
SOioa 

Alkaline  salts 

Water  and  loss  on  ignition 


cent. 
S6-12 
01*83 

102 

0*42 
2-09 


100  00 


French  phosphates  contain  from  50  io  75  p.c. 
of  ealehim  phcMphate.  .Hie  hi^-daas  qualities 

should  be  lound  useful  in  this  mamif i  turt*. 
Tho  next  phosphate  to  be  referred  to  ia  '  IvC(ionda 
phosphate,*  both  on  account  ot  its  high  percentage 
nf  phosi)horic  oxide,  itslowpriof,  and  also  from 
the  fact  that  this  peculiar  mineral  has  l>cen  the 
Hubjeot  of  many  patents  having  for  tiicir  object 
the  utilisation  of  tlie  phosphoric  oxide  it  contains. 
Bedonda  phosphate,  like  Sombrero  pho^iphate. 
I'  lrii  ^  from  the  West  Indies;  it  contains  no 
lime,  the  phosphorio  oxido  present  being  com- 
bined wHa  iron  and  ahiminfnm. 


T. 

Phosphoric  oxide  .  .  35-47 
Ferric  oxido  .  .  .  8-85 
Alumina  .       .  20*17 

Silicious  matter  9*70 
Oreanic  matt<-r,  and  water 

of  combinatioin  •  *  7-20't 
Moi«ture       .      .      .  18-61) 


II. 

(Roadman) 
39-71 
9-45 
20-90 

e-65 

22-86 


100-00  99-57 

Tho  processes  proposed  for  workintr  this 

Shosphate  will  be  rcforrcd  to  sut)iie<|ueiitiy. 
'he  laat  iniiiaral  phosphate  to  bo  mentioned 
In  Connection  with  this  part  of  the  subject 
ia  what  is  known  in  the  market  as  Charleston 


phosphate.  This  ia  not  a  high-class  phos- 
phate, like  aome  el  those  oonnderad,  nor  ia 

it  very  fi  t  fi m  iron  and  alumiiuum,  but  it 
has  the  property  of  being  easily  and  uniformlv 
decomposed  when  treated  with  anlphnric  acio. 
and  is  of  very  regular  composition-  rii.irleston 
phosphate  is  found  in  the  beds  of  stneral  of 
the  rivers  and  on  the  lands  of  South  Carolina. 
The  river  phosphate  differs  slightly  from  that 
of  the  land  both  in  colour  and  hardness  ;  more- 
r,  in  the  river  phospliat*'  the  iron  exists 
partly  as  pyrites,  while  in  tho  land  phosphate  it 
exists  as  nnric  oxide.  The  river  yarie^  fa  that 
usually  sent  to  this  country,  bcin"s  richer  in 
phosphates.  It  is  obtained  bv  dredging  the 
river*  and  ia  dried  by  hot  air  before  exportetioii. 

CharlcMon  Phosphate  (Headman). 


Phosphoric  oxide 
Sulphuno  OiXide 
Carbon  dimdde 
Lime  . 
Magnesia  . 
Alumina  . 
Ferric  oxide 
Ferric  snlphide 
Alkaline  salts 
Fluorine,  &o. 
Combitied  mter 

ignition  . 
Sand 
Hoiature 


and 


Inas  on 


per  cent. 
27-17 
S-90 
4-96 
44-03 

0- 87 

1-  44 

0  43 

3-  60 
0-87 

2-  38 

4-  00 

5-  60 

1  25 

100<M> 

This  enumeration  docs  nob  by  anv  means 
exhaust  the  various  phosphates  available  for  the 
production  of  phosphorus;  but  the  list  hero 
given  of  crude  materials  which  are,  or  which 
may  be,  employed  in  the  manufacture,  will  con- 
vey an  idea  of  the  resources  at  the  disposal 
of  phosphorus  makers. 

It  ma^  be  added  that  whichever  yariety  of 
phosphatic  material  be  employed,  it  la  aW»- 
lutely  essential  to  reduce  it  to  a  verj'  fine  state 
of  division  as  a  preliminary  step  in  the  manu- 
facture of  phonphoruR. 

Further,  it  must  bo  remeiii})ered  that  the  pre- 
sence of  iron,  alumina,  roagnc*»iia,  and  alkalit^ — 
as  also  anv  excessive  amount  -of  carbonates — is 
objectionable.  The  former  substances  are  dis- 
solved, to  a  great  extent,  during  the  sulphuric 
acid  treatment,  and  reappear  at  a  hitcr  stage,  in 
the  phosphorus  retorts,  while  carbonates,  of 
course,  consume  their  equivalrat  qnantity  of 
sulphnrir  ncitl,  end  thus  add  to  the  ooet 
of  pnn  ill  (lion. 

As  has  been  indicated,  however,  a  certain 
limited  qiiantity  of  calcinm  ( arbonato  is  advan- 
tageous in  the  sulpKuriu  acid  treatment,  03  it 
mtitcrially  aHsLsts  tlin  docompositinn  of  the 
phorohatic  material  operated  upon. 

Tne  ammmt  of  oaldnm  carbonate  shotdd  not 
c  .'  (  (•(],  ^ay,  10  to  12  p.c.  for  economical  work. 

Ciencrally  speaking,  a  high-class  pKonphato 
should  be  selected— «ne  containius  at  least  70 
p.r.  of  oab'ium  phrisphate.  Sut  h  phosphaU'S  an; 
now  easily  obtaiiic<i  in  tl<e  market,  ami  the 
advantages  of  employing  them  are  very  great. 

With  resjHHJt  to  the  other  material  used  in 
tho  manufacture  of  phosphorus  (at  least  in  the 
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Initia]  stage,) — namely,  nulphurio  t^d — it  wiB 

sufRco  to  say  that  orcliniii  v  t  haniber  vitriol  of 
sp.gr.  I'fiOO  to  1  (500,  free  from  arsenic,  is  qtiite 
saitaUe  for  dooomposing  the  calcium  phosphat« 
Into  calHnm  Hul|)hate  and  phosphoric  acid. 

(h)  Tlie  preparation  of  phosphoric  acid.  Ih 
this,  as  in  subsequent  processes,  the  author 
will  describe  the  plant  (alluding  incideutally 
to  noteworthy  matters)  which,  from  personal 
practical  eKparienoe^  h»  iuw  foond  to  yield  good 
results. 

The  decomposition  of  oaloinm  phosphato  by 

sulphuric  arid  in  performed  in  a  circular  wooden 
vessel,  shaped  like  a  brewer's  mash  tun,  10  It. 
in  diameter  and  8  ft.  deep,  provided  with  an 
upriiiht  wooden  agitritini^  shaft  carrying  throe 
arms  placed  at  regular  intervals  between  the 
Iwttom  and  middle  of  the  vessel. 

The  only  ironwork  in  the  interior  of  the 
decomposing  vessel  consists  of  a  cast-iron  shod 
on  the  lower  extremity  of  the  revolving  shaft, 
and  a  strong  cast  footstep  in  which  it  worin. 
The  revolving  arms  are  simply  tenoned  into  the 
upright  .shiift.  Pitch  l)ine  3  ins.  thick  is 
preferably  employed  in  tho  construction  of  the 
deeomposer,  and  licfore  use  tho  tun  Is  tlKWongUy 
F.itnratetl  with  light  tar-oil,  which  act<*  as  a  pre- 
servative and  keeps  the  vessel  in  good  repair  for 
many  years.  It  is  securely  bound  by  strong 
hoop  iron,  which  may  with  advantage  be  pro- 
tected by  sheet  It^fed  at  any  part  exposed  to  tho 
drip  of  acid.  Tho  apitator  is  driven  by  a  crown 
wheel  and  pinion,  connected  in  the  usual  way 
with  a  steam  engine.  At  tlie  lower  drcnmference 
of  t;m,  a.s  near  the  bottom  as  possible,  a 
wooden  ma^D-httlu  dour  is  provided,  and  this. 
Opening  outwards,  allows  tfie  oha^  to  he  mo 
out  to  the  adjoining  filters. 

The  operation  of  decomposing  the  calcium 
phosphate  is  thus  conducted.  The  tun  is  filled  to 
the  depth  of  about  18  ins.  with  weak  liquors 
from  a  previous  decomposition,  and  to  this  is 
added  about  2  cwts.  of  enleium  phosphate.  High 
pressure  steam  is  then  blown  in  by  a  lead  pipe, 
mitii  tlie  Uqnor  boils,  wlien  the  steam  fai  snnt 
off.  The  agitator  is  now  \mi  in  motion,  and 
charging  is  commenced,  adding  alternately,  say, 
6  cwts.  of  finely-ground  phosphate,  and  6  car- 
boys of  ehamber  siilpliurio  acid  (sp.^r.  l-r>00 
to  l-tKK)),  till  the  whol<?  has  been  introduced.  A 
convenient  charge  for  such  a  dc(  <iinpo«er  as  has 
been  described  is  from  J^O  cwts.  to  100  cwts.  of 
phosphate,  and  the  equivalent  quantity  of  sul- 
phuric acid  necessary  to  dectmipose  int<  i  snlphato 
the  toM  lime  presetUt  existing  either  as  carbonate 
or  as  phosphate,*  thxu ; 

C»,(P04)i+3H^SO,=3CaS04+2H,P04. 

It  is  iulvisable  not  to  introduce  the  charge  too 
rapidly,  but  rather  to  allow  ample  time  for  a 
>niif  "rm  do<;oni position  to  tako  place.  Tho 
charging  should  be  completed  in  three  hours, 
and  it  is  well  to  continue  the  agitation  an 


ton  nm  off  by  a  shoot  to  one  of  a  swies  of  fittets, 

conveniently  arranged  l>elnw  the  level  of  the 
decomposer,  agitation  being  still  maintained. 
The  fOters  are  reetanfolar  wooden  tanks,  each 

about  20  ft.  long,  IC  ft.  wide,  and  2^  ft.  deep. 
'I  hey  are  not  set  level,  but  are  latc-nUiy  inclined 
at  a  gradient  of  about  1  in  30.  so  as  to  drstn 
towards  ten  exit  hoh>s  pierced  along  the  lower 
side.  Tlic  hltcring  medium  consists  of  ashes*. 
Coarse  *  clinkers  *  are  spread  evenly  over  the 
floor  and  a  laver  of  sieved  aslies  above,  the 
entire  depth  of  tiw  fDtertng  bed  being  about 
G  ins. 

The  fUtering  tanks  are  securely  bound  with 
tie  rods,  and  before  use  the  woodwork  is  im* 

pregnated  with  light  tar-oil.  As  it  dr>tin8  from 
the  filters,  tho  phosphoric  acid  liquor  is  <AU^ht 
in  a  wooden  launder,  common  to  tiio  ■ems* 
of  outlets  on  the  filter  tanks,  and  conveyefl 
by  it  to  wooden  iuad-liued  taub)  in  which 
strong  Uqiion  and  mak  vasliiiigs  are  kept 
apart. 

The  strength  of  the  si^tion  at  first  firaininff 

from  tho  filters  is  about  HOTwad.  (sp.t^r.  M30;. 
Tho  flow  iiuist  not  be  alluwod  to  proofed  too 
rapidly,  as  if  tlie  bed  of  gypsum  or  '  slndge  *  in 
the  filters  is  allowed  to  dry  it  wUl  crack  on  the 
surface,  and  a  very  imperfect  washing  will  be 
the  mndt*  A  spray  of  water  b  i«s  over  the 
gypsum  by  a  perforated  pipe  running  along  the 
Higher  side  of  the  filter  tanks.  This  spray  is  so 
rc'.;ulatod  a.'^  to  kcc])  the  sludce  covered  with  1 
or  2  ins.  of  water  until  the  end  of  the 
operation.  The  upper  surface  of  the  gypsum  is 
carefully  raked  every  few  hours  with  a  Mooden 
mud-rake,  so  as  to  fill  up  any  cracks  through 
which  the  waaUng  «»ter  might  find  too  ready 
an  eadt.  The  Rpmy  is  continued  until  tho 
effluent  washings  are  2°Twad.  (sp  gr.  1010). 
The  water  is  then  turned  off,  and  the  slndge  is 
allowed  to  dry,  l)eing  finally  piled  up  to  permit 
the  last  trace  of  washings  to  orain  from  it.  The 
gypBuru  is  then  removed  from  the  filter  tank  to 
undergo  artificial  deaiooation. 

phosphoric  add  draining  from  tho  filten 
is  considered  '  strong  liquor '  imtil  it  falls  below 
10°Twafi.  (sp.<;r.  1-050),  and  this  lirst  fraction  is 
reserved  fcr  cM-ic  ntration.  Tiic  latter  fraction, 
between  lOTwad.  and  2'Twad.  fsp.gr.  1-050 
and  1-010),  is  employed  partly  for  the  decomposi- 
tion of  a  further  lot  of  phosphate,  as  has  oeen 
desocibed,  and  partly  for  the  first  washing 
upon  Alter  before  the  water  spray  is  tumed 
on.  Both  fracfiniis  are  blown  liy  nieims  of 
Korting*s  or  other  elevator,  such  as  an  *  acid 
e^g*  to  stock  tAnks,  from  which  the  evaporatiag 
vessels,  and  the  demmposer  or  fHters,  can  »• 
spectively  be  supplied  liy  gravitation. 

(c)  U'tilitaUtm  of  the  t/jfpsum  sludge.  The 
I  wet  sludge  removed  from  the  filters  contains 
water,   imosphoric    acid,   and  undecomposed 
calcium  phosphate  in  quantities  varying  accord- 


hour,  or  even  more^  unta  aU  vidbiraotion  has  i  'Pg  to  the  care  bestowed  on  the  op««^ 
^jg^^^  described.  The  sludge  may  be  dried  upon  a  bed 

Wlien  it  is  ascort  iined  that  the  deoomposi.  '  fireclay-envers  over  flues  heated  by 

tir.n  is  complete,  the  largo  raan-hole  do<Vis  ""-^  available  waste  heat.  When  suffioientJy 
graduaUy  opened,  and  tho  entire  contenU  of  the  f gvpsum  is  psased  through  «  to 

I  break  up  the  larger  lumps,  and  is  in  this  state 
»K  '  ™f»***<™*">*dW''f» 'row  Wist  nmnnro  makers  as  a  dryer  for  8ut>er- 

the  text  i)Ook»  on  Chemlstir, which  itste  tliat  sa  phsric  „i„.„„i,„*„„        u     „.^a  +^  a*  »l» 
aci<l  IS  ftd<l.  <l  fn  qusntlty  only  tafficlent  to  fotm  the   pht>fphat<»«  ;  or  it  is  used  to  fix  the  ammonia  in 
scl(t  calcium  pii<»pWe,  thun :~  \  the  compost  tieaps  of  the  mrmer,  and  for  other 

t  ;»,(P04),+2n,904=2CaSf>4+CaH4(PO^)^.        *  purposes. 
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{d)  Coriccfdration  of  pliaspJutric  acid  liquor 
from  the  fiUfrt,  TbiA  may  be  accomplished 
either  in  shallow  rectangular  wooden  tanks, 
lined  with  10  lbs.  lead,  and  provided  with  lead 
pipes  (1.^  in.  diainet<T,  and  20  lbs.  lea<l  to 
1  ft.)  through  which  high  prn^sore  steam  is 
allowed  to  pass ;  or  it  may  I  >n  pevfommd  in  ft 
oast-iron  saucor-ahapod  pan,  i.l  -  >  lined  with  lead 
and  havinz  steam  coils  aa  before.  During  eva- 
pofftiioii  vun  liqnor  is  maintained  in  motion  by 
an  agitator,  proridod  with  arms,  and  driron  as 
asaal  by  power.  The  latter  syatem  is  the  one 
to  be  preferred.  Agitation  of  the  lilfniir  dnriilg 
concentration,  besides  hastening  the  evaporation, 
prevents  the  accumulation  of  gypsum  on  the 
.steam  coils,  a  result  which  invariably  occurs  in 
any  unstirred  evaporator.  Suoh  deposit,  if 
allowed  to  form,  beoomee  extvemdj  hard  and 
difHoult  to  temovtt  iritbont  it^wy  to  tin  lend 
pipes. 

The  stronger  pbosphock  add  from  the  filters 


— that  above  10^ T wad. — ia  allowed  to  flow  by 
gravitation  from  the  stock  tank  to  the  evapora- 
tor, to  be  concentrated  till  the  clear  yeilow- 
ooloured  phosphoric  acid  attains  a  strength  of 
from  r),5°Twa'l.  t^j  lOO'Twad.  (sp.gr.  1-325  to 

I  1-500),  accocdiog— as  will  be  immediately  ex- 
plained—-to  the  sdeeted  method  of  snbsequent 
treatment.    During  tVu'  cr  j  j) ^  ration  nearly  all 

I  the  calcium  sulphate  held  in  solutioa  is  pre* 
oipitated,  so  that  tile  oonoentrated  add  liquor 

!  retains  only  a  very  small  quantity  of  lime. 

I  Almost  all  of  this  lime  ultimately  deposits  as 
sulphate  after  settling  in  tiie  stooik  tank.  Am  the 

'  phosphoric  acid  liquor  becomes  more  and  more 

I  concentrated,  some  of  the  free  sulphuric  acid 
which  may  bo  present  in  ex[)plk'd  during  thi 
evapr>ratiou — the  steam  or  vapour  from  the 
evaporator  having  frequently  a  strong  aoid 
reaction.  The  followina;  arc  some  analyses  of 
phosphoric  acid  liquors  at  various  strengths 
made  from  phosphates  which  are  not  oamed 


Strength 

58T.          6flT.     '  72T. 

86T. 

90°T. 

Uncombiuud  pho.sphoric  acid  (PjOj)  . 
Combined  phospli<  »ric  aoid  (PgO^) 
^olphorio  aoid  (SOs) 
Alvmina  and  feme  oxide,  fto.  . 

19-30 
4-68 
2-47 
1-92 

27-00  29-20 
3-61  3-60 
1*40   I  0-70 
2*56   1  — 
1-00  — 

63-83   1  66-50 

34-02 
4-40 

3-86 

0-84 
67-48 

;  30-44 

1-39 
8-61 

'trace 
63-76 

100-00 

100*00  1  100-00 

100-00 

100-00 

The  gypsum  dopositcd  in  tho  ovaporati)rs 
or  in  the  stootc  tank  may  either  be  washed  by 
itsdf  on  a  small  filter,  or  it  may  be  removed  to 

tho  Inrfje  ar  id  filter,  an  !  V>o  washcrl  along  with 
the  Hludge  from  the  decomposer.  If  conveniently 
situated,  the  latter  is  the  more  eoonomicu 

method. 

The  concentrated  acid  is  cooled  in  lead-lined 
store  tanks,  whore,  as  has  been  said,  the  last 
traoes  ol^oaleiom  sulphate  are  deposited,  and 
the  add  is  then  ready  lor  tho  next  operation  of 

mixing  with  earboa  and  drying. 

(e)  Mixture  for  the  retorts.  Tho  conceu- 
tnted  pbiosphorfo  add  may  now  be  mixed  with 

coarsely-ground  wood  charcoal,  cuke,  or  .saw- 
dust, and  carefully  dried  iu  a  cai>t-in>n  piit  ur 
muffle  furnace.  Sawdust  absorbs  a  large 
quantity  of  liquor,  so  that  when  it  is  employed 
ccmcentrntion  of  the  acid  liquor  to  the  minimum 
pp.ixr.  of  1320  is  p»Traissi(»le,  and,  when  thus 
saturated,  it  can  be  easUy  iiandled  without  loss 
through  sweating. 

On  the  other  hand,  its  greater  bulk  and  low 

rcific  gravity  present  objectionable  featuroH. 
snwdunt  bo  employed,  the  mixing  may  be 
nf*cn!iipli>ii(  il  on  a  clean  brick  or  asphalt  floor 
and  the  wet  charge  can  then  be  cartsfully  charred 
in  a  well-built  muflle  furnace. 

If  ooke  or  charcoal  be  used,  the  pceiiminary 
concentration  of  the  phosphorte  add  to  a  sy  rupy 
coiiHistrn  (•  is  indispensable,  and  the  Tiiixini: 
»hould  bi*  (l*uio  in  a  cast-iron  pjt,  in  which  the 
charge  is  .subHcqneutly  dried  by  firo-heat  from 
Ijcneath.  Tin/  imramt  of  fixed  carbon  required 
IS  about  25  p.c.  by  weight  of  the  concentrated 


acid  liquor.  Great  care  must  be  taken  with  the 
I  drying  of  the  charge.  The  heat  must  be  regular 
I  and  not  too  high,  and  when  it  is  completed  the 

charred  mass  must  be  carefully  preserved  from 

air  in  malleable  or  cast-iron  boxes  provided 
I  with   closely-fitting   lids,   and  oonTenieotly 

situate  d  for  the  retorts. 

( / )  The  description  of  the  day  retorts,  their 

manufarf  art ,  and  ih  tnils  of  thi  clay  employed. 
j  The  retorts  in  which  the  charred  mixture  is 
I  distilled  are  made  of  Stourbridge  fireclay. 

The  rctfirts  are  shaped  much  like  a  lar^e  lx»itle. 

Tho  accompanying  sectional  sketch  will  show 
I  the  appeaanoe  they  present. 


Ito*  1. — Phosphobus  Rbtobt  mavb  OF 

Stourbribgr  Clay. 

The  total  length  a  to  B  is  3  ft.  The  in- 
ternal diameter  is  abont  8  ins.  The  day  is 

.iliout  1  in.  thick,  except  ,it  b,  where  it  is  about 
1^  tm.  The  neck  is  gradually  tapered  from 
c  to  A,  where,  the  internal  diameter  is  3  ins. 
Into  this  narrow  orifice  a  2-inch  raal.  iron  pipe 
leading  to  tho  eonden.-er  is  luted,  and  can  be 
easily  removed  t-i  emnt  \  and  charge  the  retorts. 

Th«  rpt<>rti  should  be  made  at  the  phos- 
phcmi.s  Works ;  the  clay  employed  is  such  as  is 
ii-i  il  fur  L'l;iss  h(m--c  pots,  and  is  tolcr;iKly  fn-e 
from  irou,  rich  in  silica,  and  comparatively  low 
in  alumina.  The  day,  as  generally  supplied 
from  Stourbridge,  has  previously  undergtuie  the 
operation  of  '  weathering '  for  many  months. 
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This  rpnflcrs  it  plastic,  more  easily  worked,  and 
milch  m  )ro  duraltir  \vlit  n  iiiado  into  r>  t(irtH. 

A  mixture  which  has  been  Buccessfully  em- 
ployed for  the  oonstmetion  of  retorta  oonaiste 
«if  two  parts  of  the  raw  clay,  finely  proimd, 
carefully  niixcd  with  one  part  of  the  calcined 
clay  coarsoly  ground. 

The  mixture  is  allowed  to  '  sour '  or  season 
for  three  or  four  weeks  by  incorporating  it  with 
water  to  a  thick  doughy  consistence,  and  leaving 
it  piled  up  in  A  low  flat  heap,  about  16  ft.  long 
and  3  fl.  in  depth,  aftor  which  it  is  ready  for 
inotiMing  in*^o  retorts.  The  apparatuB  required 
for  the  latter  is  not  very  elaborate.  It  consists 
of  a  tnrntable  or  wheel,  upon  which  the  retorts 
arc  l)iiilt,  and  a  sheet-iron  mould  ab<mt  3  ft. 
lonu.  divided  into  two  lengths  of  about  18  ins. 
each,  with  a  fiahing'Tod  jomt  to  oonneot  the  one 
to  the  other. 

On  the  turntable  a  loow  baae-pioce  of  plank, 
about  12  ins.  square,  is  firnt  placed,  to  sup- 

Sort  the  mould  containing  the  soft  olav  retort 
aiing  its  remoral  to  tin  drying  room.  Wooden 
beaters,  and  a  flat  oiRffdar  di^  ■.  ^<  in«.  in  dia- 
meter, with  a  shafts  Iflko  an  old  fasliioned  churn 
stirrer,  are  also  raqaived. 

Before  commencing  to  Ituild  a  retort,  the 
inside  of  the  iron  mould  is  smoareil  over  with 
oil  to  prevent  the  clay  adhering  to  the  iron. 
This  done,  the  lower  half  of  the  aheet-iron 
mould  (which  is  about  1  foot  in  diameter)  is 
placed  on  tin*  squaro  Imard  surmounting  the 
turntable  (a  small  quantity  of  sand  having  been 
first  sprinUed  orer  the  board).  The  clay  in  a 
tough  plastic  state  is  introduced  into  the  mould. 
This  is  worked  by  the  hand  to  the  shape  of  the 
bottom  part  of  the  retort.  The  clay  is  well 
beaten  to  the  side  with  the  woo<len  beater, 
and  the  bottom  is  prcsised  liard  down  by  a  cir- 
cular disc.  When  the  lower  half  of  the  retort 
is  oonstmcted  in  the  way  described,  the  upper 
portion  of  the  iron  momd  is  then  jointed  on, 
and  this  is  likewi-^o  Iniilt  tip  witii  >  \  \\  iti  the 
same  way  until  the  whole  retort  is  (  •nupU  t^  d. 

Some  skill  is  required  in  making  the  tajicred 
nock,  but  expericii'^ed  workmen  have  little 
difficulty  in  doing  this.  The  retort  with  the 
movld  u  now  ready  for  removal  to  the  stofe* 
room,  which  should  adjoin  the  retort  house. 
The  temperature  in  the  heated  room  is  main- 
tained at  90°F.  hy  luean.s  of  flues  below  the 
floor.  After  remaining  about  a  week  in  this 
room  the  retorts  have  shrunk  snfBciently  to 
admit  of  the  moulds  bi  inc  ^-ithdrawn.  When 
this  is  done,  the  outer  skin  of  the  retorts  which 
was  next  the  moulds  has  its  hollows  oarefnily 
filled  up  with  damp  day.  The  retorts  are  then 
washed  with  a  thin  cmuitiiun  of  clay  and  water 
until  the  outer  surface  is  smooth  and  free  from 
cracks  or  holes.  They  remain  in  this  room  for 
at  least  3  weeks  longer,  or  until  they  ate  re» 
qiiin  d  f.  r  u>  >.  RetOTtS  wfth  OIMOks  OT  fl»W8 
are  hero  rejected. 

When  starting  a  new  bench  of  retorts,  or 
when  restarting  a  furnarc  that  has  been  off  for 
repairs,  the  retortn  may  he  takti)  direct  from 
the  stovehouse  an<l  placed  in  the  cold  furnace. 
The  fire  is  lif;hted.  and  the  heat  gradually  raised  | 
to  tlu'  Icinpcrature  ner»'ssary  for  the  rnanufae- 
tutP©  of  phosphorus. 

In  actual  work,  however,  it  is  a  common 
pxpcrienoe  to  find  two  oc  tliiM  zetorts  in  a  for*  > 


nace  lm>ken,  and,  in  older  to  replace  these 

without  interruption  of  the  usual  work,  it  is 
necessary  to  take  the  required  number  of  new  re- 
torts from  the  stove-bouse,  and  plaoe  them  in  a 

.special  kiln,  to  he  slowly  heated  to  the  trmpfra- 
ture  of  the  working  furnace  which  contai  uti  the 


•  round 


Flo.  2. — PHOsruuuuii  Fubnace. 
(SldedevaUon.) 


En.  3.— FRasrnoRus  FoaorAOB. 
(Front  elevation.) 


Fia.  4. — Ph(j8phoru8  Furnace. 

{Transverse  section  through  A-B,  Fig.  2.) 

c.  riiosphoru*  retort*,  p,  D'.  Pipes  to  condenser. 
K.  Condensing  trough.  r.  Dampen,  o.  Spyholes. 
H.  Fire  door. 

broken  retorts.  When  thi.^  tcinin  ruturt'  lias  lH»en 
attained,  the  new  retorts  am  quickly  removed 
from  the  kiln  and  are  placed  in  the  working- 
furnare,  the  broken  ones  having  t>f  conrse  lieen 
first  r«'iM(tve<l. 

ig)  The  Phosphorus  Furwwt.  The  furnace 
need  in  ibe  diatillation  of  phosphorus  is  of  the 
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gflle^  tjj^f  aimilar  to  that  employed  in  thie  dis- 
tdlatioa  of  cino  by  tha  Belgian  prooeae.   A  con- 

vcnient  sizo  holds  twenty-four  retorts,  twelvo 
on  each  .siiit>,  arranged  in  two  tiers — that  is,  six 
retorts  on  each  tier.  The  wtorts  ten  placed 
back  to  hack,  their  necks  protnirling  aUghtly 
(1  in.)  throagh  the  aide  walls  of  the  furnace. 
The  closed  ends  of  the  retorte  an  supported  by  a 
9-inch  wall,  having  iireclay  covers  built  into  it 
over  the  spaces  into  which  the  ends  of  the 
I  \vor  tier  arc  inserted.  This  wall  divides  the 
furnace  looKitudinally.  The  inrnace  measures 
•bout  12  to  13  ft  lung  and  about  7  ft.  broad, 
outride  diwHWMioiis.  The  firegrate  is  5|  ft.  in 
length  ^4,^*  l^rcadth,  and  the  tirebars 
ate  made  of  2-inoh  square  wrought-iron.  .  Over 
the  firegrate,  about  2^  ft.  ihove  the  bars,  a 
4|-inoh  firebrick  arch  is  thrown.  This  arch 
has  six  ports  on  each  side,  corresponding  to  the 
adx  retorts,  and  these  are  so  placed  that  the  fire 
ascends  between  each  pair  or  retorts.  The  arch 
extentl.s  from  end  to  end  of  the  furnace.  Ujjon 
the  top  of  this  axoh  the  9-ioch  wall  previoudy 
mentioned  is  boflt.  Thte  waB  is  about  2  feet  in 
height,  and  is  suflBciently  hirh  tr>  allow  the  ends 
of  the  upper  tier  of  retorts  to  rest  on  the  top  of 
it,  the  ends  of  the  lower  tier  resting  on  covers 
built  into  the  wall  about  0  in.s.  above  the  arch 
which  covers  the  lire.  The  outer  wulbs  of  the 
furnace  are  9  ins.  thick,  and  the  outer  arch 
which  inoioaeB  the  whole  is  also  made  of  0-inch 
firebriok.  The  retorts  are,  in  tact,  simply  sus- 
pended in  wliat  is  practically  two  flues  in  one 
niniaoe,  the  walls  of  which  are  the  outer  walls 
of  the  ionuMNi  and  the  0-inch  central  dividing 
waU. 

The  fnmaoe  must  bo  very  firmi  v  bound,  both 
kmglladinAlly  and  transversely.  This  is  tJl  the 
more  required  as  the  walls  of  the  frirnncp  mnst 
necessarily  be  thin,  and,  moreover,  each  retort 
has  a  12-inch  wiuaro  port-hole  through  which  it 
is  j^imaiily  introduced  into  the  fursaoe.  All 
tliMe  eiroanisCaiioes,  tending  to  weaken  tiie  side 
walls,  point  to  the  neoe.'jsity  cf  seouiely  and 
sub.stiintinlly  binding  the  £ariiaioe> 

The  precedfaig  sfcetohes  (Fi|{s.  2,  8,  and  4) 
will  show  the  general  construction  and  arrange- 
ment of  the  furnaces  and  side  condensing 
troi^hs. 

Toe  heat  from  the  fire  ascends  through  the 
ports  of  the  4^inch  arch  described  above,  and 
paasea  through  the  chambers  in  which  the  2i 
retorts  aie  hmg,  and  then  it  escapes  through 
6  |Mrts  of  tlie  upper  9*inch  aroh  to  small  flues 
'  nilt  on  either  side  of  the  top  of  the  furnace  The 
products  of  combustion  now  travel  along  the^e 
fluofl  and  descend  at  the  back  of  the  turnace 
furthest  from  the  fire  t'O  tlie  main  flue.  Tf  re- 
quired, this  waste  heut  muy  be  first  utilised  to 
dry  the  gypsum  from  the  phosphori<-  acid  filters. 
The  firebricks  used  in  tho  construction  of  the 
furnace  must  be  of  the  very  best  description,  and 
none  but  a  in*5st  experieiicc<l  furnace-lmildt t 
should  be  intrusted  with  the  erection  of  it. 
Dampers  are  placed  on  eaoh  of  the  upper  port* 
hoi'  J,  rmd  a  large  dnmpor  whore  the  two  small 
Hues  unite  with  the  main  Hue.  Spyholes  should 
he  placed  on  the  front  wall  of  the  furnace,  so 
that  the  chainbors  containing  thr  n  forts  can  bo 
eonvcnicntly  viewed.  This  is  a  mo.st  important 
provision,  and  should  in  no  case  be  npglectcd,  as 
tcequently  retorts  arc  cracked,  and  there  is  no 


I  other  means  so  sUn^e  as  tlie  spyhole  to  asoec' 
tain  tlieir  condition.  When  starting  a  new  fi 

great  care  niu.st  be  taken  not  to  rtuae  the 
so  rapidly  aa  to  cause  cracks  in  the  walla^  whi<dl 
would  admit  c6ld  air  and  be  fatal  to  tl»  fefeects ; 
and,  when  the  necessary  heat  has  been  attained, 
us  much  caution  is  required  to  maintain  a  steady 
temperature.  Glaj  retorts  are  very  sensitive  to 
sudden  changes  of  temperature,  and  the  life  of 
a  retort  largely  depends  upon  its  treatment  in 
thi.s  respect. 

(A)  The  DUtOation.  The  24  retorts  having 
been  placed  in  the  port-holes  in  the  manner 
described,  their  necks  are  built  in  with  broken 
bricks  and  tirexlay  to  prevent  access  of  air  into 
the  interior  of  the  funaoe.  The  fire  is  now 
lighted  and  the  heat  very  gradually  inrreawd, 
care  being  taken  during  this  time  to  have  the 
dampers  only  slightly  open.  After  18-24  hours 
firing  the  retorts  should  be  at  a  bright-red  heat 
and  ready  for  charging.  This  is  performed  by 
means  of  a  scoop,  made  out  of  a  2-inch  malleable 
iron  pipe,  which  has  been  opened  up  and  pro- 
vided with  a  handle.  The  seoop  Is  about  18 
ins.  long,  and  made  so  as  to  enter  the  S-inoh 
neck  of  the  retort  without  diflliculty. 

The  retorts  hold  conveniently  about  20-30  lbs. 
of  the  charred  mixtiire.  Tt  is  adNTsable  not  to 
fill  them  inure,  than  two-thirds  full.  Thi.s  does 
not  take  more  than  a  few  minutes  to  accomplish, 
and  whenever  it  is  done  the  2-inch  malleable 
iron  pipe  leading  to  the  condenser  should  be  at 
once  luted  on.  Variou."«  forms  of  condensers 
may  be  employed.  A  suitable  arrangement  con* 
sists  in  having  long  troughs  on  moh  side  of 
and  dose  to  the  furnace  (as  shown  in  Figs.  2, 
3,  and  4)  made  of  light  ca.st-iron,  about  12  ft. 
in  length  by  18  ins.  broad  by  24  ins. 
deep  at  one  end  and  18  ins.  at  the  other  end. 
The  lip  of  these  tanks  ha."*  a  3-inch  flange  on  the 
outside,  upon  whieh  the  cast-iron  cover  13  bolte<l. 
Twelve  3-inoh  cast-iron  pipes  with  faucets  pass 
throng  this  cover,  and  dip  an  inch  or  two  Into 
the  water  with  which  the  trough  i.s  partially 
filled.  These  short  pipes  are  so  placed  that 
the  2«ineh  malleable  iron  pipes  before  re- 
I  ferred  to  can  be  conveniently  luted  to  their 
faucets,  and  thus  connect  the  retorts  with  the 
condenser. 

The  water  in  these  troughs  soon  becomes 
warm  with  the  hot  gases  bubbling  through  it. 
This   is   atlvantageous,   a.s   it   prevents  solid 

I  phosphorus  choking  up  the  pipes.  The 
bottom  of  the  troughs  being  deeper  at  the 
one  end  than  at  thr  other  Cannes  the  melted 
phiispliorus  to  run  down  to  the  lower  end, 

I  from  which  it  can  be  removed  fimn  time  to 
time  by  ladles. 

The  incondcnKublti  gases  are  removed  from 
the  trough  by  a  10-inch  pipe,  and  can  either  be 
sent  at  once  to  the  stalk  or  connected  with 
further  condensing  arrangements.  Gare  must 
l)e  tnken  when  clvarging  tlie  nitorts  to  avoid 
spilling  any  of  the  choKc  into  the  condensing 
troughs,  and  to  inanre  tma  it  is  wdl  during  ths 
operation  to  employshect-lroBtrays  which  cover 
the  open  faucetn. 

I'he  luting  used  for  the  2  inch  pipesi,  both  at 
the  retort  and  faucet  ends,  is  fine  ground  fire- 
clay, with  8iUt,  or  with  u  small  quantity  of  borax 
added  to  prevent  '  racking.  After  the  retorts  are 
all  charged,  the  heat  is  raised  to  a  temperature 
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appTOMhing  wliit6iM6B.  The  odoor  of  iolphii- 

rou3  acid  iniy  then  be  dcteotod  in  tho  (scap- 
ing gaaos,  especially  if  the  charged  mixture  has 
not  Men  safficieatly  dried.  Sulphides  are  next 
discoverable,  and  lastly,  in  about  two  or  throe 
hours,  phosphorus.  The  distillation  should  be 
completed  in  about  16  honrs,  and  after  with- 
drawing the  residues  from  the  retorts  and  slightly 
coolinie;  the  furnace,  the  charging  can  bo  reoom- 
mencfd  as  before.  Retort"^,  if  carefully  attended 
to,  may  last  a  considerable  number  ol  distilla- 
tions. 

When  the  t^'mperrif  ure  is  fullv  up  and  phos- 
phorus is  coming  off  vigorously,  the  retorts  I 
should  be  examined  by  tl^  spyholes,  when  the  I 
smallest  flaw  can  be  easily  drU-cted  by  thf'  bright 
daxzling  phodpliorus  flanio  wkich  issued  from  , 
tlve  smallest  crevice.    Wlien  this  is  observable  ■ 
the  retort  ^ould  have  its  charge  withdrawn,  and 
the  retort  itself  is  then  taken  out  and  Tsplaosd 
by  ono  from  the  kiln  heuted  to  tho  temjierature 
of  the  phosphorus  furnace,  as  has  been  already 
desoribed.  Thore  is  no  diffiealiy  in  dtnng  tUs, 
n^i  the  ports  an  intended  to  permit  tibia  my 

operation. 

The  chemistry  of  the  proce-ns  of  preparing 
phosphorus  from  phopphorio  acid  may  he  de- 
scribed as  follows  : — Thci  orthophosphuric  acid 
liquor  (H,P04),  after  being  mixed  with  carbon 
and  heated  to  a  dull  red  h^,  is  resolie^  into 
metaphosphorfo  add  (HPOa),  and  wben  this  is 
further  heated  to  a  hiLjh  temperature  in  the 
retorts  It  is  brolcon  up  by  the  carbon  originally 
added  and  phosphorus  distils  over.  Hm  ohange 
may  be  thus  represented  : 

4HPO,+12C=2H,+  12CO+P4. 

An  example  of  the  yield,  ftc,  from  ft  known 
amount  o(  phosphoric  acid  may  be  of  inteieafc. 

Quantities  taken  :— 

009  Iba.  of  jphosphorio  aoid  liquor  oontaining 
25-7  0.0.  free  P.O^. 

137  lbs.  of  coarse  wood  oharooaL 

These  were  mixed  together  and  dried  in  the 

manner  described. 

Tho  dried  mixture  weighed  380  lbs. 

On  distillation  the  following  reaolts  were 
obtained 

Bodduo  in  retorts  weighed  67  lbs. 

Yield  of  refined  vell>>\r  phns-phoniH,  !tS  lbs. 

Theoretical  yield,  56-2  lbs.*   <VieId  =»  67-5 

(?■)  Thr  Criuh'  Phosphorus,  The  phosphorus 
obtained  in  tho  coadi  u-.  th  varies  very  much  in 
appearance  from  a  ])alt-  !)uff  to  a  briok-red 
chocolate,  or  nearly  black,  colour.  Tho  colour 
is  no  doubt  due  to  impurities,  as  weU  as  to  the 
presence  of  lower  oxides  of  phoHplionis  and 
amorphous  ptkosphorus.  If  condendBod  in  cold 
water,  it  resembles  the  raspings  of  cork  and 
floats  on  water.  The  cntdr  i>roduct  i?  ladled 
out  of  the  condensing  trough  into  m:Jleable  iron 
boxes  provided  with  handles,  in  which  it  is 
carried  to  the  refinery.  PhM^iili  inis  in  this 
eondition  is  much  more  intlammablo  than  it  is 
in  a  pure  st  it-,  uid  great  oare  must  be  olwwrved 
in  the  handling  of  it. 

(i)  The  ftrfinituf'  There  is  always  more  or 
less  sand  and  clay  niiiiLrled  with  the  cnido  phos- 
pliorus,  partly  due  to  the  unavoidable  dust  in 
the  fumace'lurafle  and  also  to  the  luting.  To 

'  From  phosplioruB  ta  free  PtO^. 


get  rid  of  this,  it  is  ad-visable  to  fa«e  the  emde 

produi  t  under  hot  wat^'r,  and,  after  a  thorough 
stirring  with  a  wooden  r&kc,  to  allow  the  maw 
to  solidify,  when  it  can  be  easily  broken  up  with 
chisels,  and  i.s  then  of  a  imiform  cluiracter. 

The  Hiiud,  clay,  tfec,  niixe<i  very  frcqutsiitly 
with  some  phosphorus,  are  loft  on  the  uppet 
snifaoe  in  a.  loose  piilverulent  condition.  I! 
these  impurities  are  found  to  contain  phos- 
phonis,  they  may  be  distilled  in  an  iron  vetort 
and  the  pha«phorus  recovered. 

Tlie  solidified  phosplioms  is  now  toady  lor 
refining.  The  method  described  in  text-books 
is  to  e^quueze  the  melted  phoepliorus  through 
chamois  leather.  A  more  rapid  method  it 
either  to  distil  it  in  an  iron  retort  or  to  refine  by 
the  use  of  chromic  acid.  The  last  method  is 
probably  tho  one  most  to  be  recommended.  To 
carry  out  the  refining  by  this  process  the  crude 
phosphorus  is  first  fused  under  water  in  a  small 
lend-lin'"  !  agitatinp  pm  provided  with  a  lend 
steam-coil,  and  from  3-4  p.o.  of  potassium  or 
sodiom  didttomate  (previously  disBalved  in  water 
is  added.  Sulphuric  acid  in  eqniralent  propor- 
tion is  next  run  into  the  agitator,  and  the  whole  is 
left  to  mix  for  2  houi^  or  more.  After  that  time 
the  y)ho.sj)horus  rhould  be  of  a  pale-yellow  colour 
and  almost  transparent.  The  chrome  liquors 
are  now  carefully  syphoned  off,  and  the  phos- 
phorus then  receives  a  washing  with  hot  water, 
after  whioh  it  is  syphoned  off  and  rapidly  filtered 
through  a  canT,ir4  filter-bag  (<  r  niovo  the 
mechanical  impurities.  Tho  phosphorus  is  now 
ready  for  moulding. 

(k)  Thr  MouHitKj.  The  phosphorus  melted 
under  hot  ^^at<■r  may  now  be  cast  into  '  WodgOS,' 
or  made  into  '  stick'?.'  The  '  wo<|ges*OV*paUlS* 
(of  the  French  manufaeturer)  arc  easily  mftde. 
The  liquid  phosphoru.s  in  ladled  under  hot  water 
into  tin  moulds  10}  ins.  diameter  by  4(  ins. 
deep,  standing  in  a  row  in  a  shallow  trough,  and 
while  still  liquid  a  star-shaped  arrangement, 
made  also  of  tin,  is  dropped  into  the  mould. 
The  object  of  this  is  to  divide  the  circle' equally 
into  10  seetors  or  wedges.  On  soiidifymg  the 
phosphoni^  by  running  in  cold  water  into  tho 
trough  and  then  removing  it  from  the  mould. 


Fio.6.— Snonoit  ow  Atfabatus  vob  Mouudikg 
PuoBPBOBVs  nrro  Snon. 


Fia.  0.— Plan  or  Cold  Watw  Tavk  wok 
Mouij>nio  PBOBrao&i»  isro  Stkss. 

A.  Pot  tor  msllinff  pIioBphoni<t  under  water,  b.  Sot 
water  tank  heated  with  steam  eoll.  o.  Cold  wat«r  taolc, 
Houited  to  V.  D.  Cock  for  escape  of  liqatd  pfco^iihara*. 
R.  Metal  tubes.  (Same  )ett«n  apply  to  Figs.  5  and 

10  separate  wedges  are  obtained  in  a  ooirrailent 
form  for  paoki^s,  eaoh  wedge  weighing  abont 
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2  lbs.  Tu  admit  of  easy  removal  ul  tiie  pkoB- 
pbonu,  the  tin  mould  divides  into  2  parts  and  is 
mado  f  ipht  by  india-nibbor  joints  aTid  flrippes,  &c. 

If  tile  phosphorus  is  desired  iu  Ukc  f(}rm  of 
*  sticks,'  the  fused  element  iH  drawn  tbroueh 
glass  tubes  in  an  appa^tu«  illoatrated  by  toe 
sketches  (Figs.  6  ana  0). 

Another  method  of  mr  ul  lii,:?  is  tn  nm  ihv 
liquid  plu»phoru8  into  slightly -tapered  tin  tubes 
nuide  of  *  length  to  rait  the  tin  packing-oases. 
Thp  tubes  are  closed  ?A  ono  end  1)V'  oorks, 
and  are  set  (corked  end  <iowQ)  in  troughs  con- 
taining hot  water,  wben  the  tubes  are  filled  with 
the  molten  phosphorus.  Cold  water  is  run  into 
the  trough  to  solidify  the  latter,  which  is  then 
nmoved  from  the  moulds. 

(1)  The  packina.  The  *  wedme  *  ace  packed 
ftlong  with  w»t«r  in  tin  oyUnaetB,  holding  60 
kilog.  of  phosphorus.  The  dimensions  of  the 
cylinders  are  22  ins.  deep  by  11  ins. 
diameter.  The  lids  (11  ins.  diameter)  are 
looub,  but  fit  tightly  inside,  and  Imve  a  }-inch 
hole,  throuph  wliich  water  is  poured  after  the 
lids  are  8oldcrc<l  on.  Those  small  holes  are 
finally  soldorod  np,  and  the  cvlinder  is  thus  her- 
metically sealed  and  completely  filled  with  water. 
Another  size  of  case  sometimes  employed  holds 
25  kilos. }  it  is  12  ins.  deep  by  11  ins, 
^ameter. 

The  tin  packing  cylinders  should  be  provided 
with  three  wire  handles — twu  oppK>?ite  one 
uuaOnn — at  the  upperpart,  and  the  third  lower 
down  near  the  bMe.  Theee  ue  looad  oouTenient 
in  handling. 

The  sealed  tins  are  now  packed  along  with 
sawdust  in  rectangular  wooden  boxes  24  ins. 
long  by  12^^  ins.  broad  X  12 J  ins.  deep. 
The  wood  is  pine  ^  in.  thick.  The  Ijoxes 
should  be  strengthened  with  hoop-iron  at  the 
edge.s.  The  sawdnut  Is  tightly  ruuned  down 
between  the  tin  case  and  the  side  of  the  box, 
and  thus  makes  a  firm  and  safe  package. 

When  ezportiiig  phoephorus  to  certain  oonn- 
irim—^.^.  Germany — the  wooden  boxes  require 
to  be  further  packed  in  canvas,  and  iron  handles 
malt  be  t^htly  fixed  to  either  end  of  die  box 
fisr  oonvemence  in  lifting. 

The  *  stick  *  phosphoms  is  packed  along 
\vith  water  in  tins  which  hold  10  lbs.  each.  The 
tins  are  7|  ins.  long  by  6|  ins.  diameter ; 
enoh  one  hmde  about  90  sticka  (7|  ins.  long 
by  |in.  diameter). 

The  lids,  ftc,  arc  s^>Idered  on  as  before  de- 
toribed.  These  tins  arc  further  packed  as  in 
the  case  of  '  wedgsSf'  in  wooden  bozee  holding 
tea  in  a  box. 

(a)  Other  proposed  methods  of  manuftcture. 
(1)  Donovan  proposed  to  mix  lead  jphoaphate 
(nbtfdned  by  acting  on  bones  with  mtno  acid  and 
then  prtM^ipit'iting  by  lead  acetate)  with  finely- 
divided  charcoal,  and  to  distil  for  phosphorus. 

(2)  ¥1eok  proposed  to  oombine  the  manu- 
facture of  phosj)hijnis  with  that  of  glue  and 
gelatin.  By  thi'i  mothod  the  bones,  freed  from 
fat,  are  lieeoinposed  with  weak  hydrochloric 
acid,  wtii'  h  di-i^oIviM  out  the  calcium  phosphate, 
Iftavinff  tlie  cartilaginous  matter  insoluble.  The 
acid  phosphate  iinuor  is  ovap  "n'r  1,  mixed  with 
oarbon.  and  distilled  in  suitable  retorts. 

(8)  E.  a  Mantnuid  (Ens?.  Pat.  IIM.  May  25. 
1R.'>1)  patented  a  rni  th"!  of  prepirinn  p)i'>- 
ph<>ruH  by  decompu!iin|i  on  iatimate  mixture  o( 


calcium  phosphate,  carbonaceous  matter,  and 
silicious  matter  at  a  bright  red  or  white  heat  in 
an  atTTiosphere  of  hydrochloric  acid  or  cWorine 
gas,  when  jjlio.'jphorus,  phosphorctted  hydrogeu, 
carbon  dioxide,  &c.,  distil  over. 

(4)  Wdhler  suggested  the  method  of  decom- 
posing calcium  phosphate  witit  rflioa  and  carbon* 
I  and  distilling. 

I  (5)  ^  Gentele,  in  1857,  published  a  plan  of 
phosphorus  mMrafaotare  combined  with  the 

preparation  of  sal  ammoniac.  He  treats  the 
bones  with  hydrochloric  acid.  To  the  resulting 
I  solution  ..crude  ammonium  eairbonate  is  added. 
The  })reoipitated  calcium  phosphate  so  obtained 
I  is  employed  in  the  preparation  of  phosphorus, 
while  the  sOlntion  of  ammonium  chloride  is 
evai)orated  and  snUimed  for  sal  ammoniac. 

(0)^  Geilaad  (in  1864)  suffgeste  tike  txeatment 
of  bones  willfc  «a  aiqpeous  scNwtion  of  ratphnnniB 
I  acid. 

Minary  and  Sonrdray  (1868),  proposed  to 
prepare  phosphoms  from  a  mixtoie  of  iron 

phosphate  and  wcU-iguited  coke. 

Besides  the  above,  letters  patent  have  been 
taken  for  the  following  methods  of  preparing 
I  phosphurufi  : 

R.  Lammv  (Eng.  Pat.  311,  IRr.T)  crinda 
ammonium  phosphate  with  carbon,  dries,  and 
distils,  proaucing  Ihvt  ammonia  end  then 
phosphorus. 

R.  A.  Prooman  (Eng.  Pat.  2294,  18(i4), 
Silica,  iron,  and  coal  are  added  to  cnlcinm  phos- 
phate in  snch  proportion  that  fiih'ca  can  form 
with  lime  a  fusible  slag,  and  iron  plioBphide  is 
obtained.  This  latter  may  theti  he  heated  to 
quick  redness  with  sulphur,  sulphuretted  hydro- 
gen, carbon  disulphide,  Ac,  kc,  to  obtain 
phjisphoruH. 

J.  H.  Player  (Kng.  Pat.  600,  1866,  and  1064. 
1867)  mixes  phosphoric  add  liquor  eyapnrated 
to  a  thick  paste  vith  (1)  sj>ent  tan  or  (2)  with 
coal  or  coke  in  line  powder.  He  tiien  carbonises 
to  remove  Tolatilo  matters,  and  distils  the  residue 
in  clay  retorts  in  the  usual  way. 

E.  Aubertin  and  L.  Boblique  (Eng.  Pat. 
2458,  1867)  (I)  mixes  fine  ground  calcium  phoe> 
phate  >vith  twice  its  weight  of  sflJoa  and  25  p.c. 
of  coke,  and  heats  to  orange-red  or  white  heat, 
when  phosphoms  comes  OS  wUhoid  fvmon,  Mo 
apparatus  is  described. 

Olande  Briaon  (Eng.  ^t^  8816, 1868)  patente 
.  the  employment  of  a  nla.st-furnnee  and  blowing 
,  engine  in  the  manufacture  of  phosphorus,  and 
;  also  the  admixture  in  the  blast-furnace  of  the 
;  fuel  with  the  materials  for  prodneing  the  phos- 
phorus.   '  The  mixture  employed  by  preference 
for  producing  the  phosphoros  consists  of  calciiim 
phosphate,  silica,  and  carbonate  of  eoda;  the 
whole  thoroughly  dasiccated.* 

E.  .\id)ertin  Knir.  Pat.  ir.03.  1S70)  secured 
a  further  patent  for  producing  phosphoms  from 
oaleium  phosphate,  dHoa,  ahA  oarbon.  1«C 
jtrorr^s  :  By  calcination  in  a  furnace  or  retort 
at  a  temperature  from  2192'  to  2404°F.  2nd 
I  pr'XMM  :  By  fusion.  Apparatus  in  this  oase 
is  bv  preference  a  '  Fluss-ofen  '  hlaat-furnaCe, 
and  "the  tempcraturo  is  2192'*-2932°F. 

J.  H.  Player  (Eng.  Pat.  3.501,  1872)  propose*, 
to  utilise  the  waste  gasos  from  the  retorts  by 
passing  them  through  a  sdtttion  of  copper 
<iul  phate,  whereby  copper  phosphide  is  obtained» 
'  Wagner's  Chemical  Tecbootogy,  p.  544. 
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J.  Townsoad  (Eog.  Tat.  1802,  1872)  distiln 
Redonda  pho«|^te  either  along  with  onrbon 
and  a  flux  of  common  salt  or  bnrnx,  or  witli  ii 
mixture  of  potassium  and  .Hodiuiu  sidpluiteii,  aod 
80  obtnins  phosphorus. 

J.  P.  Serve  (JBng.  Pat.  49,  1870)  employs  a 
fnnuuiie— either  a  reywberating  or  blast-tumaoe 
— or  retorts,  anil  claims  (1)  '  the  pn-paraticjn, 
in  the  form  of  blocks  or  bricks,  of  intimate 
mixtares  and  in  suitable  proportikMM,  of  phos> 
pbates  of  linio,  &c.,  &c.,  and  of  silica  or  other 
siliciouti  body  bound  or  held  together  by  a  car- 
buretted  body  such  as  tar-pitch  or  ooaL*  (2) 
The  extraction  of  the  phosphorus  from  the 
blocks  or  bricks.  (3)  a  special  construction  of 
blast-furnace  and  crindcn-it  is. 

A.  NiooUe  (Eng.  Pat.  1693, 1888)  deooropoeea 
mineral  phosphate  with  nitric  add,  and  treats 
the  resulting  solution  with  potassium  sulphate. 
He  then  filters  from  the  oaloium  sulphate  which 
is  preoipitated,  and  treats  the  filtrate  with 
mnrrnrotis  nitrate,  thns  obtaining  mcrcnrj* 
photjpliate.  This  is  washed,  dried,  and  distilled 
with  carbon,  when  menary  ia  first  obtained,  and 
then  phosphoms. 

J.  B.  Headman  (En^.  Pat.  14902,  1888) 
claim  a  the  application  of  Iiat  produced  by  pass- 
ing an  electric  current  throogh  the  materials 
containing  phosphorus  placed  In  a  closed  furnace. 

Parker  and  Robins<jn  (En;^.  Pat.  17710.  1S88) 
claim  the  employment  of  clwtricity  <'n  similar 
lines  to  foregoing  patent. 

Folio -Desjardin-^  {Enn.  Pat.  13240,  1800)  for 
a  process  for  the  simtiltancouH  manufiicture 
of  phosphoms  and  of  alkaline  silicate — (1)  by 
heating  a  mixture  of  the  phosphate  with  one  or 
more  alkaline  snlphates  or  carbonatM  with  or 
without  the  addition  of  silicic  acid  or  a  flux  in  a 
reverberatory  furnace,  or  in  retorts  \iithin  a 
Toi^enerative  gas-fomaes^  IhdviaHng  the  result - 
in?  m.\=i^,  and  evaporating  solution  to  obtain  the 
nlkaliiw  [>hos«piiate8 ;  (2)  heating  a  mixture  of 
the  alkaline  phosphate  so  obtained  with  siUca 
and  carbon  in  retorts  placed  in  a  regenerative 
furnace,  thereby  effecting  tlxe  simultaneous 
production  of  phoi^honis  and  an  allcaUnc 
silicate. 

Coignet  (Eng.  Plkt.  2070,  1891)  claims  im- 
provements in  the  moulding  of  phospliorus  to 
avoid  the  carriage  of  much  water  m  the  packing 
cases. 

The  author  has  conducted  a  largo  series 
of  experiments  (w.  J.  Sue.  Chom.  fnd..  vola.  9, 
10).  with  the  view  of  obtaining  ^osphorus  by 
distillation  direct  from  the  raw  phosphate  of 
lime,  without  the  employment  of  sulphuric 
acid  at  all  or  the  prepar.ition— as  an  inter- 
mediate stage— of  phosphoric  acid.  He  has 
proved  conelasrvely  that  silica  in  the  form  of 
sand,  ganistor,  nr  flints  intimatclv  mixed  with 
calcium  phoHpiiate  and  carbon,  in  suitable  pro- 
portions, is  capable,  at  a  high  temperature,  of 
effecting  the  decomposition  of  the  phosphate, 
expelling  practically  all  the  phosphorus  con- 
tained in  the  riiixture,  leaving,  as  a  residue,  a 
Huid^  slag.  Further,  that  with  adcqimte  oon- 
densing  appliances  a  very  large  proportion  erf 
the  phosphorus  ko  i-xii.  Ili  d  m  i  v  1m-  (•(illcctcd. 
Similarly,  satisfactory  results  have  been  obtained 
bv  the  om{4oyment  of  other  plM>qpiiates,  such  as 
pnosphfite  of  alumnia.  ike.,  provid(5d  fiuxe^ 
suitable  for  each  case  are  employed. 


Retorts  were  found  unsuitable  for  the  distilla- 
tiim,  both  on  the  score  <rf  economy  and  dura- 
bility, and  the  blast  fumaee,  wluch  was  tried 
for  some  time,  presented  many  practical  diffi- 
culties in  its  working. 

The  success  ai  the  application  of  electricity 
to  the  prodnctioa  of  certain  metals  and  alloys^ 
not.id)Iy  those  of  alnniiniuni,  Icl  him  totiy  t^t 
source  of  energy  for  the  production  of  phos* 
phcnuv  and  the  result  has  been  that  the  author, 
along  with  T.  Parker  (who  applied  for  letters 
patent  only  a  few  weeks  after  the  auth4>r"i5  ajjjili- 
eation)  (Readman's  patent,  14902,  Oct.  l>>th. 
1888;  Parker  and  Robinson's  patent  17719. 
Dec.  5th,  1888)  arranged  for  the  erection  of  a 
large  exp<'rimental  plant  with  engines,  dynamos, 
ana  eleotrio  furnaces  capable  of  turning  out  about 
40  cwt.  of  phosphoms  per  week. 

The  object  which  hiv=;  ivnr  been  successfully 
attained  in  the  new  procc^is,  called  the  Readman* 
Parker  and  Robinson  system,  is  the  eotUhmout 
pruiluction  of  phosphorus  dirprf  from  rnw 
materials  by  means  of  the  electric  furnace,  the 
heat  being  applied  in  and  throu|^  the  phos- 
phorus-bearing mixture  in  the  furnace,  and  not, 
as  in  the  case  of  distillation,  in  retorts,  heated 
from  the  outside,  involving,  in  oonseqiaenee,  a 
great  expenditure  of  fuel. 

The  process  is  carried  out  as  followa.  The 
phosphate,  carbon,  and  fluxes,  in  proper  propor> 
tions  and  all  carefully  and  intimately  mixed 
together,  are  introduced  (previously  heated  to  sis 
hitrh  n  trraporaturc  as  possililel  into  the  upper 
\nii:l  of  the  electric  furnace  by  moans  of  a  tight- 
fltting  hopper  arrangement,  the  electric  current 
is  led  to  and  from  the  furnace  by  cofjper  cables 
conneeted  to  large  carhon  electrodes  situated  on 
cither  sid'  'f  the  furnace.  The  furnace  itself  is 
practically  an  iron  tank,  lined  inside  with  refrac- 
tory bricks,  thus  making  a  kind  of  briok-sided 
trough  nhout  IS  inches  square  and  30  incheti 
deep,  clotsod  at  the  top  by  the  hopper  referred 
to,  and  having  an  outlet  pipe  to  tm  condenser 
placed  on  tlie  npper  part  d  tlie  side  of  tiie 
furnace. 

After  the  charging  of  the  furnace,  the  current 
is  turned  on,  and  soon  indications  of  phosplwrus 
may  he  seen  in  the  condensers.   Tb»  gases 

escaping  by  the  side  pipe  pass  on  t<»  a  series  of 
copper  condensers,  the  tlr^x,  of  which  contains 
hot  and  the  o^rs  culd  water,  when  they  are 
allowed  to  escape  into  the  air.  Ah  the  phos- 
phorus is  distilled  off  from  the  mixture  the 
residue  in  the  furnace  forms  a  liquid  sla^,  u  liich 
from  time  to  time  is  tapped  out  at  the  bottom  of 
the  furnace,  fresh  phosphonis-bearing  mixture 
beini;  introduced  by  tlie  hopp<"r  af  fhc  tup  pre- 
cisely as  in  blast-fumaoe  practice,  where  closed 
tops  are  used.  Tn  this  way  the  oix>ratloo  is 
made  continuous,  and  is  carried  on  for  days 

without  eeJisation. 

The  mixed  materials,  as  introduced  into  the 
electric  furnace,  can  bo  had  to  contain  alnmt  14 
p.c.  of  elutneutary  phosphorus,  and  ;ia  tlio  weight 
of  the  slags  fr«»m  these  is  not  so  much  as  half 
the  weight  of  the  original  mixture,  and  as, 
moreover,  the  rUti^  on  an  aTerage  contains  only 
nbnut  I  p.c.  of  iilinsphorus,  it  will  1><'  a]>ii,\reiif 
tliat  the  decomposition  is  remarkably  coinpl<  t<'. 

The  crude  pho.sphurus  obtained  in  the  con- 
dcn  v  r^  is  refined  in  the  way  previously  de- 
scribed. 
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The  8(1  vantages  of  tlJs  prooeaa  may  be 
8ummariBe<l  ob  fullou.s.  No  suiphuric  acid  is 
require il,  uo  need  to  prepare  and  concentrate 
fho^honc  add,  much  Icso  handling  of  niateriuLs. 
no  fi]pe<claj  latorto  employed,  lew  Iom  during 
proc^  jugfiv  yiMBt  and  I«h  ooDSonkption  of 
ooaL 

Tn  FfeODUosios  ov  AnoBnoro  Vamnumos. 

Amorphous  phosphonis  in  compact  pieces  is 
a  reddiiih-bruwn,  moderately  hard  Bubistance,^ 
somewhat  resembling  in  appearanoe  tltt  hema- 
tite iron  ore  of  Cumberland.  It  is  opaqnc,  with 
a  slight  metallic  lustre.  It  is  brittle  and  eaaily 
broken,  and  cxKihits  a  conohoidal  iran*hlaok 
fracture  with  sharp  edges. 

The  sp.gr.  of  amorphous  phosphoms  i«  2*25. 
It  is  witiiout  taste  or  snii  !I,  is  xinattacked  by 
most  solvontSy  and  d  taken  internally  is  excreted 
nnohanged. 

Amorphous  phosjjhortis,  as  met  with  in  com- 
mcrcu,  froqucutly  cuutaiii^  HUiail  quantities  of 
ordinary  phosphorus,  from  about  J  p.c.  down- 
wards according  to  Freaenius ;  in  addition,  it 
naually  contains  phosphoric  aoid,  graphite,  and 
other  impnritiea,  and  has  generaJly  m  aeid  re- 
action. 

The  following  is  an  analysis  of  amorphous 
phoephoraa : — 

_  Per  cent.  (ii«adman) 

Phosphorus    .....  93*44 

PluMwlMric  add     ....  S'fiS 

Tbrm  oxide  and  alumina             .  0*78 

Alkalis,  carbon,  loss,  &c.         ,       •  0*64 

Insoluble  in  nitric  add   .      •      •  1>86 

lOO'OO 

fi round  amorphous  phosphorus  dissolves  very 
casiily  in  nitric  add  on  account  of  its  state  of 
tub-division. 

Chlorine  has  no  action  on  this  variety  of 
phosphorus  unless  the  latter  is  heated,  when  it  j 
burns  with  a  yellow  lianic. 

For  ignition,  amorphous  nhosplioms  requires 
a  temperature  ol  at  least  24ir. 

(o)  'J'hi   afyfxnaiu^  and  process.    The  con-  I 
version  of  yellow  into  amorphous  phosphorus  is 
effected  by  heating  the  former  to  a  tomperatnre 
between  2W  and  'I'yif  for  some  time. 

'i'lie  a^)parafcus  employed  is  a  caat-iron  put  ^ 
which  is  closed  with  a  cover.    A  narrow  tube 
open  at  both  ends  is  screwed  into  the  upper 
part  of  tile  pot.    This  acts  as  a  safety  valve, 
^d  avoids  all  risk  of  exi>l')sion.' 

If  pressure  bo  emploved  within  the  pot  and 
'the  temperature  exoeeoii  900^,  the  yeUow  is 
transformed  into  amorphous  pKospIf  rn  ;  in  a 
very  short  time.  There  is,  however,  otu>iJir- 
able  danger  in  this  treatment  which  mi^ht  far 
outweigh  the  cconomv  in  time.  According  to 
th  e  method  used,  wlieii  the  oonvoriiiou  in  cQected 
in  open  iron  vessels  in  which  the  air  finds  but 
limited  aocees,  the  process,  though  tediotis>  is 
free  from  all  difficulty  or  danger. 

OrtliiMiy  phc»sphoruH  may  iUso  he  converted 
into  amorphous  pnoaphorus  by  chemical  action, 
as  by  heating  it  to  ifMf  with  a  small  quantity 
<rf  iodine. 

■  The  bsrdnf^ws  of  amorpltuuH   phosphorus  lira 
between  calcareoun  upar  and  fluor  upar. 
s  See  fCng.  fat.  18905,  by  A.  Albright, 


(/O  TJ  '  refining.  The  amorphou  plr  sphoms, 
,  obtamed  lu  the  oast-irt-in  pot:»,  is  m  luird  com 
I  pact  lumps.    These  are  ground  under  water,  and 

freed  from  ordinary  phospiiorus  by  boiling  the 

ground  powder  with  a  solution  cl  caustic  soda; 

it  is  then  repeatedly  washed  with  boiling  Water 

and  earefully  dried  by  steam  heat. 

(e)  The  foeking.   The  ground  red  phoe> 

phorus,  dried  in  the  manner  described,  is  st  Jit 

out  in  the  dry  state  in  tin  boxes  holding  iU  lbs. 

ewdi. 

PBomniB  or  Obdivast  Pbosvbobvs. 

Phosphorus  at  the  ordinarv  temperature 

is  a  pule  yellow,  soft  and  flexible,  trntiMliH  ent, 
WBXy-loukiug  ^lid,  wliich  becuuies  iuiid  and 
britUo  at  temperature  below  6*6°.  It  is  ex- 
tremely inflammable,  especially  if  not  quite 
pure,  and  nmst  always  be  kept  undeir  wat«r.  It 
has  a  great  atlinity  for  tlii^  oxygen  of  (he  air» 
with  which  it  combines  directly. 

It  also  combines  d^rteUff  with  ohloilDe, 
bromine,  iodine,  and  sulphur*  but  not  with 
nitmgen  and  hydrogen. 

rhosphorus  is  luminoue  in  the  dark,  and  in 
a  moi.st  atmosphere  a  gradual  oxidation  takes 
place  with  formation,  first  of  phospLurous  acid, 
and  ultimately  of  phosphoric  acid,  ozone  oncl 
hydrogen  peroxide  being  likewise  produced  at 
tho  same  time.  When  exposed  to  dayliglit, 
under  water,  a  whitish  incrustation  is  formed, 
which  frequently  becomes  of  a  reddish  hue. 
According  to  Baudrimont  (Compt.  rend.  61, 867, 
1866),  the  cni=:t  fi  rmed  only  under  influence 
of  oxygen,  and  pos.ses-,c^  all  tho  usual  properties 
of  ordinary  phosphorus.    Sp.gr.  at  )6'  I'flSL 

MeUing  jxnnt.  under  water  in  an  open  vessel, 
43-3°;  in  closed  vessel  without  water,  phos- 

S bonis  melts  at  30°.  In  both  cases,  if  left  un- 
isturbed  in  a  smooth  glass  vessel  it  may  remain 
Hquid  at  temperatures  oonaiderahly  below  the 
melting-points.  It  distils  at  209*",  the  vapour 
being  colourless,  and  takes  tiro  in  air  when 
heated  to  34'.  It  is  very  soluble  in  carbon 
disulphide,  one  part  disiw^siving  9*26  parts  of 
phosphorus,  a  slight  amount  of  heat  U'lng 
devdoiMBd,  but  on  cooling  to  ordinary  tempera- 
tures some  of  tho  phosphocus  is  precipitated 
in  a  crvRtalline  form. 

Phosphorus  is  also  very  soluble  in  suljdmr 
chloride,  phosphorus  trichlorido,  and  phosphorus 
sulphide.   It  is  neailT  insoluble  in  water. 

Thi  f  llowing  taole  shows  the  w  eight  of 
ditlerent  solvents  required  to  dissolve  1  part 
by  weight  of  phosphorus.  The  temperature  of 
tha  solvent^  unless  othnrwiae  stated,  is  12° : — 


Faits 

Benzene  (00  p.c.  sp.gr.  0*878)  . 

.  82*ff 

Oil  of  turpentine     .       .  , 

.  m 

Paraflin  oil  (sp.gr.  0-806)  . 

.  179 

Ethyl  ether  (sp.gr.  0-725) 

.  2(m 

f;4'.» 

Alcohol  (sp.pr.  0-801) 

.  764 

„         ,,             at  40 

.  535 

Wood  spirit  (sp.gr.  0«46) . 

,  Udfs 

M       n       »»       M  *^ 

.  862 

Acetone  ... 

.  1702 

Solutiiin  of  cauatie  soda  (sp.gr.  1*35) 

.  194 

liquor  ammonite  (sp.gr.  0-^0) 

.  3030 
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Hu)  ammoniacal  Bolvtion  becomes  dark 

brown,  find  the  surface  of  the  phosphorua  is 
coated  wh  h  a  brown-black  deiweit.  Wlxou  water 
i»  addcni  to  the  greater  number  of  the  above 
aolutioDB,  the  ph06pLi(/rus  Ls  precipitated. 

Cold  conceutrattd  iiitriu  acid  tliBSolvcs  phos- 
phorus. If  exposed  to  the  action  of  dilute  nitric 
acid  for  some  tiue  it»  otystalline  oharaotor 
beoomes  evident. 

Sulphuric  acid  (92  p.c.  O.V.)  does  not  dissolve 
phosplu>rtt8  in  the  cold,  but  attacks  it  on  pro- 
longed boiling.  Phosphorus  is  ioMduble  in  odd 
concentrated  hydrocbJnric  acid. 

Phosphorus  fumv-b  iu  the  air,  emitting  a  garlic- 
like  odour.  On  exposure  to  air,  it  not  unfre- 
quently  melts  and  takos  fire,  and  during  com- 
bustion dense  white  fumes  of  phosphoric  oxide 
are  produced,  which  can  be  collected  in  snow-- 
flakes. The  bums  jproduoed  by  ignited  phos- 
phonu  ate  of  a  fmnma  natme,  and  are  very 
slow  in  healing,  any  Tmconsuiried  phosphorus 
left  on  the  wound  beiiiig  most  difficult  and  painful 
to  remove. 

Fhoaplionis  sometimes  contains  a  small  pro- 
portiuu  uf  ai^'nic  dciived  from  the  suiphuiic 
aoid  used  in  the  preparation  of  the  phosphoric 
aoid.  If  this  be  present  in  any  quantity  the 
refined  phosphorus  has  a  red  or  mahogany 
colour.  I'hoaphoru.s  is  a  powerful  poison ;  less 
than  2  grains  are  said  to  have  caused  death. 
Those  who  have  to  handle  it  frequently  are 
liable  to  necrosis,  which  begins  with  the  dis- 
integration  of  tho  jiiw-bones,  and  ends  with  their 
total  destiuv  tiou.  Ill-fed  and  scrofulous  persons 
ari',  Slid  t  I  bo  specially  atTt-ct«-d.  Tt  is  rather  a 
curioUis  circumstance  ilml  persons  euga^^ed  in 
the  manufacture  of  phospboroe  do  not  appear 
to  be  affected  by  this  disease. 

PIkosphorua  does  not  condaot  electricity 
(Fara«lay). 

According  to  Devillo  and  Tcoost»  the  vapour 
of  phosphorus  has  a  sp.Kr.  of        at  1040°  ;  it 

is  conclurlcd,  thorefoce»  that  there  are  four  atoms 

in  the  raoieculo. 

Phosphorus  is  tough,  and  cannot  be  pul- 
vi  ri>t  il  ;  Liii  if  melted  under  water  and  shaken 
until  liiv  tluid  la  quite  cold,  it  in  reUucod  to  a  fine 
state  of  division  in  tho  form  of  round  pellets  of 
various  sizes:  an  aqueous  solution  ot  urea  or 
atoobol  aids  this  formation.   When  heated  \rith 

O'lUirnis    vajiDUl    to    a    ti"iM|icr;itiiiv    uf  2.~>0', 

phosphorus  decomposes  the  water,  phosphorous 
acid  and  phosphoretted  hydrogen  being  lomed. 

Ph  >sp!iorus  volatilises  to  a  SDUUi  extent 
when  boded  with  water. 

FhosphoniB  m  vacuo  volatilises  at  ocdinaiy 
temperatures.  It  is  not  luminous  in  pure  oxygon 
at  temperatures  below  20°  (Miiller) ;  but  if  mixed 
with  a  neutral  gas,  or  if  it  be  rarefied,  then 
luminosity  is  at  onoe  seen  (Qraham).  The 
preaenee  of  chloride  and  of  phenol 

(Polstroff  and  Muiihrluri^',  Cliuiu.  New^.,  57,  71),  i 
and  of  cfftain  gases,  such  as  oiehant  gas,  siU- 
phuretit  J  hydrogen,  or  the  vapours  of  turpentine  ' 
or  rtlu  r  when  present  even  in  small  quantities, 
pruvout  tho  glow  of  phosphorus.    If  hydrogen,  . 
nitrogen  ov  Carbon  «lioxide  in  which  phosphoru.s 
ha-s  been  exposed  be  brought  into  contact  with 
oxygen  it  Becomes  luminous  from  the  phos- 
phoruii  diffused  in  the  ga«. 

Phosphorus  at  high  temperatures  combines  i 
with  moat  of  tho  metals  forming  phosphides* ' 


For  example,  if  oateivm  phosphate  and  ailka 

with  earbiiii  and  iron  (as  ore  or  nictid)  be  heated 
to  a  high  l^uipuiutme,  u  vri\'  fusiltlu  iron  phos- 
phide, FejP,  can  bo  obtained. 

Phosphorus,  owing  to  it.-*  ifliiii^y  for  oxygen, 
is  a  powerful  icduciug  agent.  it  piCLipituteri 
copper,  silver,  platinum,  palladium,  and  gold 
when  brought  into  a  solution  of  the  salts  of 
these  nictals. 

llesides  the  red  or  auiorplKJu.s,  there  appears 
to  bo  a  third  allotropic  modification  of  phos- 
phorus— ^viz.,  metallic  or  rhombohedral  plioB< 
phorus — formed  by  heating  the  element  in  sealed 
tubes  along  with  motuilic  lead  for  some  hours. 
On  cooling*  exystaJs  are  found  permeating  the 
lead  ;  these  are  separated  Ly  dilute  nitric  acid, 
which  dissolves  out  the  loud.  This  phosphorus 
is  a  dark  enataUine  sttbetanqe»  qkgr.  Z«34  at 
15-5'. 

tt  M.  Vernon  (PhiL  Mag.,  October  1801) 

stuf  es  that  a  rhombic  modification  of  phosphorus 
exists,  melting  at  about  45-3^  and  of  sp.rar. 
1-8272.  It  appears  to  be  formed  from  the 
octahedral  variety  by  slowly  oooUng  it  when 

liqui<i 

lUes  of  pho$plloru$  and  statistics  of  the  trade. 
The  chief  consumption  of  phosphorus  at  present 
is  in  the  manufacture  of  matches,  in  which  it  is 
used  as  phosphorus  stsquisulphidc.  Jlie  .so- 
called  'suety  matches'  which  ignite  on  the 
box,  have  no  phosphorus  on  the  matell  itMli^ 
but  have  u  thin  layer  of  red  or  amofphoHB  phoe* 
phorus  ou  the  sides  of  the  box. 

Phosphorus  is  used  in  medicine  in  small 
doses.  It  is  likewise  etn])Ioveil  in  form  of  a 
paste  for  the  destruction  of  rats  and  mice.  It 
is  also  used  in  the  l»b<ffiatoiiy»  and  in  the  mann* 
faoture  oi  many  organic  compounds. 

Phosphorus  as  calcium  phosphide  is  one  of 
the  const  it  uents  of  the  material  used  for  distress 
signalling  at  sea. 

Phosphor  bronze,  which  is  now  eztenrively 
employed  in  the  arte,  contnins  a  sntall  pnrrcnt- 
age  of  phosphorus,  which  uiodilies  the  properties 
of  copper  to  a  large  extent  favourably  when  pre- 
sent in  minute  quantities,  and  unfavoOFallly  if 
present  iu  more  titan  2-3  p.c. 

At  the  present  time,  most  of  the  phosphonis 
manufactured  in  Europe  is  made  by  Messrs. 
^Ubright  and  Wilson,  Lticl.,  of  Oldbury,  Binning- 
h.uu,  Erii^IaiiLl.  s^rs.  Coignet  and  Cie..  Lyons, 
l*>ance,  and  the  (Jhenuscha  Fabrik  Crie-nheim- 
Elektron,  Frankfort-a-Hain,  Germany.  There 
are  also  one  or  more  maliers  in  Rnpsia.  T'anada 
and  the  United  States  of  America  are  supplied 
byfaotorieeineachofthoseooantriee.  J.  B.R. 

NON-MKTALLIC  CoMPOUNUS  OF  PHUSI  HoKHS. 

Hydrogen  phosphides.  Three  of  these  com- 
poonds,  PH,,  p£H«,  and  P4H,(?),  are  known,  the 

first  being  ittscous,  tlio  second  liquid,  at  ordinary 
temperatures,  and  the  last  solid. 

Pkotphonts  trihffdride,  phosphoretted  hydra- 
i/cn,  or  'pft^Sfihitic,  PHj,  is  usually  obtained  by 
iifcatiny  pho8j)horu.s  with  milk  of  lime  or  strong 
potash:  SKHO-j-SUjO+P^  PH3  !  :}iai.,l'( i  . 
or  by  decomposing  c.ilcium  pho8i)hi<le  wth  water : 
3Ca,P,+  12H20  =  lPH8  !-Pj+«Ca(HO)j. 

It  is.  al>M  f.irinril  1  :\  tile  .u  tii  i:  of  dUute  acids 
on  the  phosphides  of  zinc,  iron,  tin,  magnesium 
and  atuminiuro  (Liipke,  Chem.  Soc.  'Abstr.  ISOl, 


Oigitized  by  CoogI 


PHOSPHORUS. 


207 


397;  Matignon,  Compt.  rend.  1900,  130,  1391). 
Hydrogen  phosphide  is  also  evolved  wheu 
yellow  pho«phon»  is  acted  on  by  warn  water,  J 
by  hydrogen  peroxide,  or  bv  aodliuii  hydroxide 
(Wevl,  JJer.  1906,  39,  1307):  ' 

As  tlMUl  prepared,  the  gas  contains  a  .sufH- 
dent  amount  of  the  dihydruio,  PjH^,  probably 
produced  by  a  secondary  reaction, 

0atPt+4HaO-'9Ca(OH),+F,H4, 
to  render  it  spontaneously  inflammable.  When 
the  gas  is  paaeed  through  water,  each  bubble  on 
entttnng  tne  air  givea  riw  to  a  vortex  ring  of 
phosphoric  oxide  or  nutaphcsphi'ric  acid.  The 
gaa  aLso  contains  hydrogen  produceii  by  the 
gradual  deconipoi^ition  of  the  hypophosphite  by 
the  alkali:  KH,PO,+2KOII-2H,-f  KjPO,. 

The  spontaneouii  iuHammability  may  bo  de- 
stroyed by  decompoainc  or  condensing  the  dihy- 
diide  by  exposure  to  light,  or  by  passage  through 
s  tnbe  oooled  by  a  freezing  mixture. 

The  trihydrido  may  bo  obtained  free  from  the 
dihsrdride  by  deoomposing  calcium  phosphide 
with  hydroralorio  aoid,  which  converts  any 
dihydride  formed  into  the  gaseou.**  and  ^olid 
hydiides.  It  may  be  prepared  pure  by  decom- 
posing phosphonium  iMUde  with  water,  or  pre- 
lecahly  M-ith  poUish, 

PH«l+KOH-rH,-rKI-t-H,U 

(Hofmann,  Ber.  1871.  4.  200). 

Very  pure  phosptiino  may  readily  and  con- 
vooioouy  be  pie^pared  from  a  specially  prepared 
mixtore  of  oaleram  sad  ahtminium  phosphides 
by  the  action  of  water,  the  process  Faiiig  com- 
j^ted  by  the  addition  of  hydrociUorio  acid. 
The  only  imparity  in  this  case  is  a  very  small 
quantity  of  pure  hydrogen  (Matignon  and 
Trsnnoy,  Compt.  rend.  11)09,  148,  167). 

Phospbino  18  a  colourless  gas  with  an  offen- 
aive,  garlic-like  smell.  Its  density  is  1*1829;  it 
liquefies  at  -85°,  solidifies  at  -133-5°  (Olzewaki) 
and  has  the  critical  temperature  62*9*  and  the 
ontioal  pveisare  64  atmosphAres. 

Phosphine  may  be  mixed  witii  oxygen 
wHhont  altomtion,  but  if  the  prcs'^ure  of  the 
mixture  ))e  suddenly  diminished,  an  explosion 
occurs.  (Compare  also  Lemoult,  Compt.  rend. 
190*/,  145,  374).  The  gas  also  take?  tire  when 
brought  into  contact  with  dilute  nitric  acid  or 
if  mixed  with  the  vapours  of  chlorine  or  bromine 
water  and  is  decomposed  into  hydrogen  and 
phosphorus  by  a  series  of  electric  sparks.  Phos- 
j)liinr  i>  ,1  very  poisonous  gas,  a  small  tiuantil}  . 
when  breathed,  producing  in  turn  dyspntsa  and 
death. 

It  is  flomcwhat  soluble  in  water  and  is 
absorbed  bv  copper  sulphate  and  mercuric 
chloride  and  bromide,  forming  the  piuMphidea 
of  the  metals,  and  in  some  eases  more  ci  itiplt  x 
salts  (.Toannis,  Compt.  rend.  l«l»S,  127,  liTU; 
1899,  128,  1322,  139H  ;  129,  33(i ;  Knb.  novitoh, 
ibid.  1896,  127,  270  ;  1899,  128,  1398  ;  Kibean, 
ibid.  12S,  14ft2;  Lemoult,  ibid.  1907,  145,  1175). 

Like  ammonia,  it  ai^i  conibinf.s  with  metallic 
chlorides  such  as  those  of  tin,  antimony,  alu- 
mkuttm,  fta,  and  with  hydrobromio  and 
hydriodic  aeids  to  form  phosphonium  com- 
pounds,  of  which  phosphonium  iodide,  Pl^L 
w  iissd  as  a  powsrfol  leducing  agent  and  In  ths 
preparation  <^  maqy  organic  phosphoms  eom> 
pounds. 

QattteroMim  siid  Hmisknseht  (Ber.  1890, 


1174)  eraploj  the  fulluwiug  process  for  preparing 
the  dihydride.  A  large  tilrec-necked  VVoulii's 
bottle,  three-fourths  fUled  with  water,  is  freed 
from  air  by  a  CUmnt  of  hydrogen  supplied 
through  a  tube  fitted  in  one  neck  and  dipping 
just  beneath  the  water,  and  la  heated  in  a  water- 
bath  to  60°.  Calcium  phosphide  id  then  intro- 
duced in  lumpu  weighing  about  2  granib  through 
a  wide,  funnel-topped  tube  fitted  to  the  becond 
neck  and  just  dipping  beneath  the  water.  The 
evolved  gases  pass  through  a  tube  fitted  to  the 
third  neck  to  a  test-tube,  from  which  pasMs  a 
tube  to  a  oondertsing-tube  surrounded  b^  iced 
water.  The  water  in  the  gss  condenses  in  the 
test-tube,  and  the  hydride,  P1H4,  liquefies  in 
the  comlenser,  about  2  c.c.  heiiur  obtained  from 
50  grams  of  calcinm  phospl a  !i  .  The  uncoil* 
densed  gas  may  be  passed  through  a  &a,bk  con- 
taining hydrochloric  acid,  which  decomposes 
the  rt  inHuiing  PgH^  into  tho  trihydiide  uu  the 
solid  hydride. 

The  dihydride  is  a  colourless  Uqiud  of  8p.gr. 
I  lt07  at  12°,  boiling,  when  not  too  .suddenly 
heated,  at  57°-58°  (736  mm.)  (Uattermaun  and 
Uattsknecht,  I.e. ).  On  exposure  to  light,  or  under 
the  action  of  hydrochloric  acid,  it  decomjvoses 
into  the  trihvdnde  and  the  solid  hydride,  bmali 
quantities  of  the  dihydride  inqptrt  qNmtaneoas 
inflammability  to  hydrogen,  carbon  monoxidB^ 
and  other  combustible  gases. 

The  solid  hydride  is  obtained,  as  above,  &f  a 
yellow  powder,  by  deoomposing  the  diUvdrido 
with  hydrocliloric  acid,  or  by  the  action  of  light, 
or  by  treating  calcium  pho.sphide  with  hot 
hydrochloric  acid,  or  by  treating  calcium  phos- 
phide with  water  sod  allowing  the  gas  formed 
to  come  in  contact  with  calcium  chloride  (Stock, 
Boltcher  and  Longer,  Ber.  11H)9,  42,  2839).  It 
ignites  when  heated  in  the  air. 

After  exposure  to  the  air,  it  acquires  an  Mid 
reaction  and  the  odour  of  phospbino.  It  is 
!  quite  stable  in  the  dark,  but  in  uuulight  it 
I  becomes  red  and  evolves  an  inflammable  gas. 
In  a  vacuum  it  evolves  pure  phoRphine,  and  this 
is  recomnu mli  il  as  a  mtthod  of  preparing  thti 
latter  by  titock,  liottcher  and  l>en^er  (i.e.).  The 
red  substance  which  remains  behind  is,  accord- 
ing  to  these  authors,  P,H^,  produced  thus, 
5P.,H-=6P„H,-i-6PU,.  The  hydride  P,,H,  is 
stable  in  dry  air,  but  in  moist  air  it  decouiposi's 
forming  phosphine  and  phosphoric  acid.  It 
dissolves  in  liquid  ammonia  forming  a  black 
compound  varying  in  composition  between 
P^U,,]SH,  and  '2P,H„NH,  {ibid.  2847). 

Similar  black  compounds  are  produced  by 
the  union  of  tho  solid  hydride  P,jH,  with  am- 
monia and  piperidine  (IScheuck,  Ber.  1903,  36, 
4202  ;  Stock,  ibid.  1903,  80,  1120;  Stock, 
Bottoher  and  Lengor,  Le.), 

Oompoundi*  of  Pfiosphoru*  oni 

2i  itrogen. 

A  considerable  number  of  these  compounds 

exi-'. 

Phosphorus  nitride  PtN,  can  be  obtained 
quantitatively  and  absolutely  pure  by  saturating 

pure  phi  >[ihorus  |>enta9ulphide  witli  pure  flry 
ammonia  at  the  ordinary  temjx'rulure,  hubsc- 
quently  heating  the  products  in  an  atmosphere 
of  hydroL'tn,  then  in  a  current  of  anwnonia  at 
850^  (Stock  and  Hoffmann,  Her.  1903,  3i>.  314 ; 
Stock  and  Grilneberg,  ibid,  1907,  40,  2673; 
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StoCK  Mid  Johaaiuwn,  ibid,  1806,  41,  1693).  It 
TiuiM  in  colour  from  pure  white  to  dark  red, 

aooordiug  to  the  time  uf  Ueatiiig  in  its  pi't  })a  rat  ion 
and  haa  !ip>^.  of  2*61  at  IS"".  At  tho  urdiimry 
temperature  it  is  inactive,  but  aete  as  a  powerful 
reducing  ;ii^(.'iit  at  a  hii^li  tcitiporaturi».  It  is 
decomi>oiMxl  L>v  many  luetuis  and  by  water  at 
180°.  WImq  lieated  in  ohtofine  or  oxygen  ii 
takes  fire. 

Phospham  PN,H(T)  is  obtained  as  an 
amorphous  iigbt,  white  powder,  insoluble  in 
water  and  infuaibie  at  a  red  heat^  when  tb« 
product  of  the  reaction  of  ammonia  on  phoe- 

phorus  pcntachloride  is  heated  in  the  abnonce 
of  air  until  fumes  of  ammonium  cLdoridu  ceatic 
to  be  evolved  (Besson.  Compt.  rend.  1892,  114, 
1204;  Bfsson  and  Rosset,  ibid.  1908,  140, 
1149).  When  dry,  it  is  oxidised  by  heating 
in  air,  evolving  tHute  fumea;  if  pKeviondy 
moietenod  it  decomposes  thus : 

3PltN,+9H,0=3HPU,+62iH,. 

PlmnlwwimMo  P(NH|),  is  obtained  b^  the 

action  o!  ammonia  on  phosphorus  tribromidc  or 
triiodido  at  — 7U°  (Uugot,  Compt.  rend.  141, 
1236).  It  is  an  unstable  yellow  solid  u  tuch 
readily  decomposes  at  0*,  forming  pho.sphorimidc, 
Pi(NU)„  u  brown  solid  which  decomposes  on 
heating  into  ammonia,  nitrogen,  and  pluxq^niB 
(v.  also  Stock,  i3er.  1903,  36,  1120). 

FlMMphainide  {phovphodiamide)  PO(NH)NH, 
is  a  white  powder  obtained  by  the  ai  tiun  of  water 
on  the  product  of  the  action  of  ammonia  on 
^u^honis  pentaohloride ; 

Pa«+iNHt»(NK|)|Fa.+8NHda 

and 

(NH,),Pa,+H,0=P0(NH)NH,+3HCL 
Phosphoryl     trUunide  {phosphotriamidt) 
f  0(Niigj«i8  a  wiute  amorphous  powder  obtained 
by  th»  Mtioo  of  firy  ammonia  on  phosphorus 
uxychlorida  (Sehii^  Zettsoh.  OientL  Ghem.  6^ 

Phosphorus  dlamlte  POH(NHt)|  hi  obtained 

by  the  aetioii  of  ammonia  on  a  solution  of 
phobphorus  oxide  in  ether  or  benzene,  it  is  a 
white  powder  which  dissolves  in  water  with 
incandescence  and  is  violently  decompo.sed  b\ 
dilute  hydrochloric  acid,  forming  phosphine, 
phosphorie  and  phosphorous  acids,  ammonium 
ohlohde  and  phoisphorus  (I'horpe  and  Tutton, 
Ghem.  8oo.  Tnuu.  1891,  1U27). 

Pbosphamidic  acid  or  amidophosphorlc  acid 
PO->iH,(UH)„  is  formed  by  the  action  of  dry 
ammonia  on  phosphorus  pentoxide  (Biltz,  Ber. 
1894,  27,  1257);  nr  tlir  putassium  salt  of  the  acid 
is  obtained  by  the  aetiuu  of  potassium  hydroxide 
on  the  oonesponding  pheiiji  ester,  the  iroe  acid 
bein^  formed  by  the  decomposition  of  ttie  lead 
or  silver  salt  by  sulphuretted  hydrogen  and 
precipitating  it  from  the  tiltrate  with  alcohol 
(Stokes,  Amer.  Chem.  J.  1803.  in.  198;  16, 164). 
It  forms  oolowless  micraeoopic  crystsls  having  a  I 
sweet  teste  and  forming  both  normal  and  moA  t 
salts. 

DiamMoplMMphorlo  aeid  PO(NH,),OH,  is  a 

crystalline  compouiHl  obtained  in  the  same  way 
as  the  fi.iLgoiug  acid  (Stokes,  Ber.  Ib94,  27, 
60o).    It  fortius  the  silver  salts  (NHt)tP0OAg 
and  (^iiAg).P(OAg)^  { 
A  nvmber  of  imido  ph<  •sphodo  acids  have  j 
also  been  prepared  (8toke.s.  Amer.  Chemi  J.  I 
1896,  18,  629 ;  1898,  20,  740).  i 


Phosphoryl  nitride  (phoaj^iomcmamiie) 
PON  is  obtfuned  when  phosphanrae  is  hedted 
to  redness  out  of  contact  with  air.  SevCMll 
phos^hamio  acids,  and  amides  oontafaiing 
chlorine,  are  also  known  (v.  Glsdstone,  Cfaem. 
Soc.  Trans.  18G4,  225;  ISfiS,  1;  1866,  1  and 
290:  Salzmann,  lier.  1874,  7,  494;  Winter, 
J.  Amer.  Ghem.  Soc.  1901,  26,  148A;  Stokee, 
Amer.  Ghem.  J.  19,  782). 

Compounds  of  phosphorut  and 
sulphur.  . 
Several  liquid  and  BoUd  solphides,  sll  of 

which  are  verj'  inflammable  and  more  fusible 
than  either  of  the  constituent  elements,  arc 
known.  The  liquids  SP«  and  SP,  are  not 
compounds  but  only  solutions  of  sulphur  in 
phosphorus  (Bouloiu  li,  Compt.  rend.  1902,  135, 
165;  St<_.ek  and  iii/liold,  Ber.  1908,  41,  657;, 
Stoek,  ibid.  1 909, 42, 2062).  The  soUd  sulphides, 
P4'^3.  1*3^56.  and  P2S5  are  obtained  tar  cwelnlly 
heating  .sulphur  witli  aiiior])hoU8  pho.sphorus. 
Tlie  composition  Pab,  (Dupre)  or  P|Sjt  (Berze* 
lius,  Gmelin's  Handb.  2,  218)  has  been  assigned 
to  a  body  obtained  in  rhombic  sulphur-like 
crystaLs  by  solution  of  sulphur  in  sulphur  di- 
phosphide.  According  to  Ramme  (Ber.  1879. 
12,  940,  1350),  the  crystab  are  merely  sulphur 
containing  pho.sphorus  (c/.  Boulouch,  Compt. 
rend.  1900,  143,  41). 

Phosphorus  pentasulphlde  which  is 

employed  in  the  preparation  of  organio  sulphur 
coininuinds,  is  prodiu  rd  1)y  ^'cntly  lieafiiig  n 
mixture  of  excess  of  powdered  roll  sulphur  and 
amorphous  phosphorus.  A  small  portk>n  of  the 
mixture  is  first  heated  in  a  stream  of  carbon 
dio.xide  until  reaction  sets  in.  The  source  of 
heat  is  then  removed  and  the  rest  of  the  mixture 
is  added  in  small  quantities.  After  cooling,  the 
mass  is  extracted  with  boiling  carbon  disulphide 
(Stock  and  Scharfenberg,  Ber.  1908,  41,  65S). 
The  product  forms  a  greyish-yellow  crystalline 
mass,  which  may  be  obtained  in  transparent 
crvKtals  by  sublimation.  According  to  Stock 
and  'riuef  JBer.  1906,  38,  2719),  the  penta-' 
hulpliido  exists  in  at  least  two  moditiea'.icns. 
The  ordinan'  compound  melts  at  274^-27(1" 
(Meyer,  iljuL  1879,  12,  GlO),  and  boils  at  519' 
at  7.S4  mm.  pressure  (Goldschmidt,  ibid.  1882. 
16,  304).  The  other  modification  melts  at 
about  255®,  is  more  soluble  in  earbon  disulphide 

ami  eaii  ln'  ulitaiiied  by  the  dLstillalion  ol  the 
ordinary  sulphide  *»  vacuo  and  rapidlv  cooling 
the  product  (Stook  and  Scharfenberg,  Lc). 

Phosphorus  pentasulphide  dissolves  in  lifinid 
ammonia  forming  ammonia  thioiminophosphatc 
comix)unds  from  which  iuiiuothiophosphoric 
acid  has  been  obtained  (Stock,  iicr.  1906^  39, 
1907). 

Phosphorus  sesqulsulphide  P4S,  forms  rhom- 
bic prisms,  uup.  166°,  b.p.  380°.  It  is  easily 
inflammaUe  and  is  slowly  decomposed  by 
boiling  water  forming  sulpKurt  tied  hydrogen, 
phosphine,  and  phosphorous  aeid  (Clavtmi, 
Chem.  Soc.  Proc.  1902,  129;  ibul.  231  ; 

Mai  and  Seheffer,  l^er.  I')<I3,  :5t^.  STU).  'J  lie 
commercial  product  sometimes  eoulains  freo 
phosphorus^  tiia  presence  of  which  can  be 
detected  by  passing  a  current  of  hydrogen  over 
the  sulphide  when,  if  phosphorus  is  present,  the 
issuing  'jas  will  burn  with  a  .n  im  ll,i:ri.-. 

In  carbon  disulphide  solution,  phosphorus 
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•fltqniatdptddB  tSbmAm  iodiiMi  forming  PiSal,, 

orange  yollow  (crystals,  m.p.  IIO-S" — this  com- 
pound  can  be  used  as  a  maans  of  detecting  the 
Msqaisolphida  (Walter,  Ohem.  Zdt.  1907.  31, 
640).  According  t^o  Oartenmeist^r  (J.  Soc. 
Ch«m.  Ind.  1906»  easily  ioHammiiUe  but  | 

not  explosive  snbstaoceq  which  are  not  sen- 
sitive to  motstnrp  can  be  obtained  by  heating 
together  various  proportioaa  of  red  phosphoruti, 
sulphur,  and  tho  sulphides  of  nwiiitilf  mioh  aa  | 
Mitimon/,  to  about  170". 

PlioBplionii  salphoxMes  p40«S«,  m.p.  102". 

b.p.  20."".  ;ind  PjO^S,,  which  decomposes  at 
200'',  forming  phosphorus  peotoxide  and  pwta- 
snlphide,  have  bera  prepared  by  Thocpe  and 
Tntt  ,n  frhem.  Soc.  Trans.  1891.  102*).  and 
B©s»«)n  (Compt.  rend.  1897.  124.  151).  > 

For  other  work  on  pK^  ph  rus  sulphides, 
r.  Rebs  (Annalen,  1888,  24n.  35G).  Dervin  (Bull. 
Soc.  chira.  41,  433),  Isambcrt  (Compt.  rend. 
1883,  96,  1499,  1771).  Ixjraoino  {ibid.  lOlO). 
Sohnlxe  (Ber.  1883,  16.  206«K  Frouin  (Cham. 
Zeit.  Repi  1809,  88.  213).  Wectwri^ht  (J.  Soc. 
CJhem.  Ind.  TOOn.  229).  Boulouch  (Compt.  r«  nd. 
1904.  138.  363;  1906,  142,  1045;  143,  41). 
Dernn  {tbid.  1.38,  366).  Ginran  (ibii,  142,  398), 
Stook  (Ber.  1909, 42, 30^). 

Compound/^  of  phosphorus  and 

selrnium. 

Phosphoms  aiul  selenium  can  be  fnsed 
t<iiit'tht!r  in  all  proportions,  a  re<l  mans  bt-inu 
formed :  the  only  dc6nite  compoumbi,  however. 
«re  P4Se„  P^j,  and  possibly  PjSe,.  These 
compounds  are  decomposfd  by  moist  air.  and 
when  treated  with  alkalis  or  alkali  sulpliides 
vield  complex  salts  such  as  potahsinm  thio- 
w-'b-nopbospliito  2K.S.I\S<i„5H,0  (r.  Bcr/pliiis. 
Gmelin'i»  Raadb.  2,  212;  Bogen,  Annaten,  lKf>2, 
IS4.  57;  Hahn,  J.  pr.  Chcm.  ri.l9«,  430;  Muth 
mann  and  Clever,  Zeitsch.  anorfr.  Chan.  1806, 
13.  191  ;  Meyer,  ibid.  1902,  30,  258). 

Haloid  compounds  of  phoa phot  un. 

niospboms  trichloride  PCI,,  may  be  prepared 

f>v  passing;  dry  chlnrin«i  over  heat'-d  arnorphf ms 
phosphorus  or  over  dry  ordinary  phosphoruR, 
and  digeeting  the  product  witb  ordinary  phos- 
phorus for  soino  \ve<'krt  to  (-onvort  any  penlA- 
chloride  which  may  have  been  formed  into  the 
trichloride  (Dumas,  Ann.  Chim.  Phys.  fiii."]  55, 
172";.  Tt  is  a  inubilp.  colourless,  fuming'  llfinid 
of  pungunt  suieU,  bulling  «t  "a-OG"  (760  mm.), 

and  having  a  sp.gr.  of  l'81f75  ^  (Thorpe,  Proc. 

Roy.  Soc.  24,  205).  It  absorbs  water  with 
prodnr-tiun  of  bvdroohlori<-  and  phosphorous 
ac'uhi  and  a  i«uiaU  Ciuautity  of  phosphorus  oxy- 
chloride,  POa,  (Bcsson,  C^mpt.  rend.  1898,  125. 
771).  It  dissolves  phosphoruR,  and  is  itself 
soluble  In  beniene  and  carnon  disulphide.  VVlien 
;'ii'-'{'d  with  ab'olvol.  beat  Is  ovnh'od.  %vith  pro- 
duction of  ethyl  chloride  and  phosphorous  acid, 
and  evolution  of  hydrooUorie  aoid.  Phoe< 
phorous  ester  is  alsr>  prodnrod  (B6«jb.i:iip. 
Compt.  n«nd.  40,  914  ;  41.  23).    It  also 

unites  with  ammonia  fonniurr  additire  eom- 
pounds  fT^esson.  xl^id.  1890.  111.  972). 

Phosphurua  trichloride  reacts  with  glycerol 
and  with  glycol,  yielding  in  the  former  ease 
phorohorous  esters  of  glvcorol  and  of  mono* 
cMoraydrin  which  are  decomposed  by  water 
Vol.  IV.— r. 


forming  the  compounds  P,(OH)403  C3HjOH  and 
P(0]I),0  CsHjOHCl  of  wWch  the  calcium 
derivatives  have  been  isolated  (Carr^  Compi. 
rend.  1908. 138, 1466). 

Phosphorus  pentachloride  PCI,  may  hr 
obtained  bv  passing  dry  chlorine  over  the  well- 
cooled  trichloxide  until  the  whole  is  dry,  or  by 
the  action  of  excess  of  cldorine  on  phosphorus. 
Ou  the  large  scale,  it  is  best  prepared  by  jtaissing 
excess  of  dry  chlorine  through  a  cooled  solution 
of  phosphorus  in  oecbon  diralphidok  and  finally 
crystallfsing  out  the  product.  It  forms  white 
lustrous  crystals  of  unpleasant  .nr  i  ]1,  ^  utilising 
below  100°  without  liquefying.  Under  pressure, 
it  melts  at  148*  (Streeker).  The  Tapour  de> 
composes,  when  heated,  into  the  tricldoride 
nn<\  chlorine  (Wsnklyn  and  Robinson,  Proo. 
Rov.  Roc.  13, 507  *  W^wheider,  Ubnatah.  1899; 
20,307). 

In  moist  air,  the  pentachloride  is  converted 
into  the  oxychloride  with  evolution  of  hydro- 
.  oUorio  aoid.  Sulphur  toioxidc  oonverts  it  into 
'  the  oxyoUoride  with  produetion  of  sulphuryl 
111  ride:    S0s+Pa,=S08Clj  fPOn,.  Phos- 
phorus pentaoUoride  is  much  used  in  tho  prO' 
paration  of  or|^uale  chlorides.   It  forms  ohlor* 
amino  derivatives  or  an  additive  compound 
with  ammonia,  depending  on  the  temperature 
of  the  reaction  (Bessoa,  <x»mpt.  rend,  He). 

Both  chlorides  form  additive  compounds 
with  certain  chlorides  and  bromides  such  as 
Pa3,2BBr,;  Paj,2BBr„  &c.  (Taril)b-.  Compt. 
rend.  1901.  132.  83:  Streeker  and  Schorigin, 
Ber.  1909,  42,  1787). 

Phosphorus  chlorobromlde  PCIaBrj  i«  ob- 
tained by  the  action  of  bromine  on  phosphorus 
trichloride.  It  solidifies  at  —20**,  and  decom- 
poses when  heated  to  35"  (Mi<  hnf  lis,  Ber.  1872, 
5,  9).  It  combines  with  various  proportions  of 
bromine  (r.  Miohaelis,  I.e.  ;  Prinvanlt,  Compt. 
rend.  1872.  74,  868;  and  Stem,  Chem.  Soo. 
Trans.  1886,  815). 

Phosphorus  chloro  Iodide  PHJ.  is  said  to 
t>e  obtained  in  fine  red  hexagonal  oryatals  by 
the  action  of  iodine  on  phosphorus  trichloride 
(Moot.  "Rer.  1879.  K?,  -^fi'^OV 

Pbosphoryl  chloride (phospiiorusoxychloride) 
POClj,  may  be  prepared  b>  h<-a  ting  dry  ozalio  or 
boric  acid  with  the  pentachloride  : 

pa,+H,c,04=poa,+2Ha+c'o,+co. 

or  by  heatinfr  the  pentactdoride  with  the  pent* 

oxide  in  a  scaled  tube  :  ^PH,  !-P,0,  -  .'^POria. 
It  can  be  conveniently  prepartil  by  the  action  of 
potas-sium  chlorate  on  phoHphnnin  trichloride 
(Dervin,  Compt.  rend.  1883.  97,  576  ;  lUmann 
and  Fomaro,  Ber.  1901,  .34, 2172) ;  or,  according 
to  Erdmann  (Zeitech.  angcw.  Chem.  1903,  89), 
by  pastting  a  current  of  dry  chlorine  orcr  a 
Htroiigly  heated,  powdered  mixture  of  carbon 
and  a  metaphosphatc. 

Phosphoryl  chloride  is  a  colourless,  fuming 
liquid,  boiling  nt  lOT^SS**  (789  mm.),  and  having 

a  sp.gr. of  1*71183  ^(Thorpe,  Ohem. Soc.  Trans. 

37.  fjr^Sl  When  cooled  it  solMifi.-.  to  .  rvs!jd> 
which  melt  at  — l-S"  (Geuthcr  and  Miclweiis. 
Ber.  1871,  4,  789).  Its  molecular  deprfwion  of 
the  free7iiij;.j><);nt  in  fl  ^H"  (ITuntlry.  rh«  m  S.  r. 
Trans.  1891,  205).  Water  rapi«l!y  deconipo.'^e.'* 
it  into  hydrochloric  and  phosphoric  ocitUt.  It 
forms  crystalline  doui)le  rompounds  with  many 
metallic  chlorides. 
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Metaphosphoryl  eUoilde  ( 7)  PO,CL  A  atraw- 

coloured  viscous  body  obtained,  together  with 
phosphoryl  chloride,  by  the  acUon  of  chlorine 
on  oooled  phosphorouB  oxid»  (Thorpe  and 
Tutton.  ('hem.  Soo.  Trans.  1890.  572) ;  has  been 
found  to  possess  a  composition  corresponding 
with  the  formula  POtCl.  It  has,  however,  been 
shown  by  Huntley  (iftiVi.  1891.  202)  that  this 
body  consists  of  at  least  two  substances,  one  of 
which  is  pyrophosphoryl  chloride,  whilst  the 
Other  is  a  compound  or  mixture  of  the  oom> 
position  P.OjsCIs. 

Accordinu'  t.i>  Bessnn  (T'lnipt.  rend.  1897, 
124,  1099),  metaphosphu^l  chloride  is  obtained 
by  the  action  of  a  small  amoont  ni  water  <m 
pAOsphoryl  chloride. 

Pyrophosphoryl  chloride  P,0,Ci4  is  a  colour- 
less, fuming  liquid,  boiling  between  tlQ^-ild". 
It  is  obtained  by  the  action  of  nitrogen  peroxide 
on  cooled  phosphorus  trichloride.  Nitrosyl 
chloride  is  evolved,  and  pyrophosphoryl  chloride 
remains,  tojcethor  with  phosphorus  ]>entoxide, 
phosphorus  triohlorlde,  and  phosplioryl  chloride, 
from  which  it  is  separatod  by  fractional  dis- 
tillation (Geuther  and  Michaelis,  Ber.  1871, 
4,  767).  It  is  also  obtained  as  stated  above  or 
bv  the  action  of  water  on  phosphorus  penta- 
chlorido  or  by  troatins;  the  pentaohloride  (6 
parte)  with  the  pentoxide  (1  put)  (Oddo^  Gacx. 
chim.  ital.  1899,  [ii.]29,  330). 

Phosphoryl  bromodlohloride  POBrCl,  {v.  Men- 
sohutkin,  J.  pr.  Chera.  [i.]  OS,  485;  Bos.hoii, 
Oompt.  rend.  1896,  122,  814),  is  a  highly  refrac- 
tive liquid,  boiling  at  186M88*  (760  mm.),  and 

having  a  sp.gr.  ol  2*12066^  (Thorpe,  Ohem.  Soe. 

Trans.  37,  314).  When  cooled,  it  solidifies  in 
taUes,  which  melt  at  11°  (Geuther  and  Michaelis, 
Ber.  1871, 4,  769 ;  13^  (Besson,  I.c.). 

By  the  action  of  hvdro-.^.'n  Iiromide  on 
phosphoryl  chloride  at  400^-600',  it  is  obtained 
together  with  pAofjiAoryl  dibnmocMoride 
PORr.a,  which  melta  at  90*  and  has  b.p. 
165°  (Besson,  I.e.). 

TMophosphoryl  chloride  PSCl  j,  is  a  colourless, 
fuminfr  liquid,  produced  by  the  action  of  sul- 
phuretted hydroiten  on  the  pentaohloride,  or, 
better,  by  lu-atinr;  a  mixture  of  phosphorus 
pontasulphido  and  penlnehloride.       It  boils  at 

125°  (700  mm.),  and  has  a  sp.gr.  of  1-6682 

(Thorpe,  Chem.  Soe.  Trans.  87,  341). 

Nitroi;en  chlorophosphlde  PXn.  is  obtained 
by  gently  heating  a  mixture  of  phosphorus 
pentaohloride  and  merourammoninm  chloride 
(white  precipitate)  or  ammonium  chloride 
(Stokes.  Ber.  1895,  28,  437  ;  Amor.  Chem.  J. 
1890.  18,  629.  780;  ibid.  1897,  19,  782;  ibid. 
1898,  20.  740 ;  Beeson,  Compt.  rend.  1892.  114. 
1264,  1479  ;  Besson  and  Roesett,  ibid.  1906.  148, 
37).  It  'JublimcH  in  rhombic  prisms,  melting  at 
110",  and  boiling  at  240°  (v.  Gladstone  and 
HolmeB,  Chem.  Soo.  Traaa.  17,  226). 

With  liquid  ammonia,  nitoogen  eUoro- 
phosphide  reacts  thus: 

PNa.-f  4NH,«.2NH.a +PN(NH,),. 
The  compo'ii.  l  PXjHi  is  a  white  substance 
soluble  in  water,  and  on  heating  to  222°  loses 
ammonia  and  is  converted  into  pln)sphain. 
Nitrogen  ehloinphn^pludc?  in  e.irbon  tetra- 
oUoride  solution,  when  treated  with  dry  am- 
monia gas,  yields  slender  aDl^  needles  of  the 


I  oompound,   PjNjHjCl,,   t*)gether  with  some 
PN,H4  (Besson,  Compt.  rend.  1908,  146.  1149). 

A  number  of  nitrogen  chlorophosphidee,  all 
oorreepondinf?   with   the   empuiod  fonmda 

(PNCl.V  hive  l,<-en  obtained. 

Phosphorus  tribromlde  PBr,  is  best  prepared 

by  slowly  dropping  bromine  on  to  excess  of 
'  amorphous  phosphorus  in  n  flisk  fitted  with  an 

inverted  condenser,  or  by  dropi>ing  bromine  on 

to  ordinary  phosphoms  covered  by  a  layer  of 
i  benzene  (Cfaristomanos,  Ber.  1904,  37»  2883). 

The  reetflSed  product  is  a  oolonrioss  mobile 
1  liquid  <»f  strone,  punpi  iit  smell,  boilinc  at  172'9° 

(7U0  mm.).  170-8°  (Christoinanos),  solidifying  at 

-41 -G',  and  having  a  sp.gr.  of  2-923  (Thorpe. 

j  Choni.  Soc.  Trans.  37,  336).  It  acts  as  a 
'  reducing  apcnt  on  many  organic  compomids, 
{  and  forms  double  salts  oiE  the  type  CuBr^PBr, 

(Arboeoff,  J.  Rnss.  Fhys.  Ohem.  Soo.  1906, 

38,  293). 

Phosphorus  pentabromide  PBr,  is  produced 
by  the  addition  of  bromfaie  to  the  cooled  tri- 

bromide ;  it  forms  yellow  crystals  of  punpent 
smell,  mcltinc;  to  a  red  liquid,  which  decom- 
poses into  the  tribroraide  and  bromine  at  100*. 
According  to  C-nstlo  and  Beaty  (Amer.  Chem. 
J.  1899,  21,  322;  ibid.  IflOO,  23,  505),  when 

I the  pentaI)romide  is  mixed  with  bromine  and 
sublimed,  red  prisms  of  a  heptabromidef  PBr^, 
are  formed. 

Phosphorus  Mlliiondllmiiit  WtBrt  haa 
alsii  been  obtained. 

PhOSplUiryl  bromide  ( phosphorus  oxy bromide ) 
POBr,  occurs  in  flat  tables,  meltinf;  nt  4r)°-4r)° 
and  boiling  at  195°  (Rittcr,  J.  8,  301),  and  is 
prepared  similarly  to  phosphorj'l  chloride. 

Aoootding  to  Beiger  (Compt.  rend.  1908, 
146,  400),  it  forms  eolonilees  crystals,  m.p. 
!  56*-56°,  b.p.  189-5*  (774  mm.). 

Photphonium  bromide  PU4Br  orystalllses  in 
colouilesa  onbee,  b.p.  90^  and  resemUea  the 
iodine  compound. 

j  Thiophosphoryl  bromide  PS  Br,,  a  yellow, 
j  cryBtallino  body,  m.p.  38°,  pifrothiophosphorifl 
\  bromide  P,S3Br4,  a  fuming  prollow  oily  liquid, 
I  and  m^tathtophosphort/l  bromtde  PSjBr,  are  also 
known. 

Bromo-chloro-thio  comjpounds  of  phosphorus 
have  been  prepared  by  Besson  (Cknnpt.  rend. 

1890,  122,  1057). 

Phosphorus  di-iodide  P1I4  is  prepared  by  the 
gradual  addition  of  8-2  parts  of  iodine  to  a 
.solution  of  1  part  of  phosphorus  in  carbon 
disulpliide.  On  distilliiitr  of!  the  disulphide.  or 
on  coolini;  it,  the  iodide  remains  or  crystallisea 
out  in  bright  orange-yellow  crystals  which  fuse 
at  about  llO"  (Corenwinder,  Ann.  Chim.  Phvs. 
[iii.l  30,  242). 

A  rapid  and  safe  method  of  producing 
phosphonis  di-iodide  is  described  bv  Doughty 
(J.  Amer.  Ch,'m.  Skw.  1905.  27,  1444)*;  .50  grams 
of  iodine  ami  4  grams  of  red  }>hosj>horus  are 
heated  in  a  200  c.c.  flask  over  a  free  flame  until 
melted.  After  eonling  to  00°,  2-5  grams  of 
yellow  phosphoruH  are  adde<l  in  .small  pieces. 
When  dry  iodine  is  added  to  a  solution  of 

I  phosphoruo  in  dry  carbon  disulphide,  in  quantity 

I  less  than  that  necessary  to  convert  the  phos- 
phorus info  the  di-iodide  and  the  mixture  is 

I  exposed  to  sunlight,  'phosphorus  subiodidf,  P4I, 

I  separatea. 
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It  is  aa  amoq)hon8,  red  powder  which  de- 
oompoM  tHtbout  melting  and  it  deoomposed 
bv  most  rea^ente  (Bonlon^  Gompfe.  raod.  1906, 

141,  250). 

Phosphoras  tri-lodlde  PI,  is  prepared  simi- 
larly to  the  di-iodide,  but  with  the  use  of  a 
correspondingly  larger  proportion  of  iodine.  It 
forms  red  sil-sided  deliquescent  prisma,  m.p. 
Ql"*  (Oorenwinder,  I.e.,  Snap«»  Ch»$a.  News,  1896, 
74,  27 ;  ResBon,  Compt.  mod,  1807,  134,  1346). 

Phosphonlum  iodide  PH^I  ia  obtained  by  the 
anion  of  phosphine  with  hydriodic  acid,  or  by 
the  aotioa  of  water  and  iodine  on  exoew  of 
phosphoms. 

The  itxline  and  phosphorus  are  preferably 
combined  in  carbon  dismphide,  which  is  then 
di.stilled  oB.  and  the  water  added  gradually 
during  passage  of  carbon  dioxide  (Hofmann, 
Ber.  1873,  6,  291).  The  iodide  is  thus  nbt!\infMl 
aa  •  aabUmate  of  gUatening  deliqueeoent 
qnadfatio  prisms,  b.p.  about  W  bat  XMdfly 
vapourising  at  a  lnwi  r  temperature,  decomposed 
by  water  into  hydriodio  acid  and  phosphine. 
It  is  a  powerful  reducing  agent,  and  is 
employed  as  such  in  the  preparation  of  many 
organic  compounds. 

Phosphorus  thioiodide,  P,SIt,  m.p.  75* 
(Besson,  Compt.  rend.  1896,  122,  1057),  and 
P,S,I  (Ouvrard,  ibid.  1892,  116,  1301)  also 
exist. 

Pbonhonu  trlfluoride  Pl\  may  be  prepared 
by  oaveraDy  heating  dry  copper  phosplude  with 

Ifiul  fluoride,  or  by  allowing  ars<>nic  trifluoride 
to  drop  upon  phosphonis  trichloride,  or,  pre- 
ferably, by  gently  warming  a  mixture  of  dry 
zinc  fluoride  nnd  phosphorus  tribromidc.  It  is 
a  Cdl'inrless  sharp-smelling  gas,  which  condenses 
at  —  lO''  under  a  pressure  of  40  atmospheres  to  a 
colourless  mobile  uqnid,  b.p.  —W*,  and  aolidifr- 
ing  at  —100".  Tne  gan  dissolTaa  slowly  in 
water.  It  produces  silicon  flui.ride,  with 
separation  of  phoaphorua,  when  heated  in  con- 
tact with  glass.  It  eomUnee  dinotly  iHfth 
bromine,  giving  an  amber-coloured  mobile 
liquid  having  the  composition  PFgBr,  (Moiaaan, 
Gtopt  rend.  1884,  99,  655,  070  ;  1885,  lOQ,  872, 
134«;  Ann.  Ckim.  Phys.  [vi.l  19,  286). 

Phosphorus  pentafluoride  PFg  is  obtmned  by 
the  action  of  arsenic  trifluoricie  on  phosphorus 
pentachloride  (Thorpe,  Proo.  Boy.  Soc.  1876, 
122).  It  is  a  heavy,  fuming,  oolotiriess,  nn- 
iiifliimmable  gas,  which  is  rnpi  lly  dcfMrnp  isi-d 
by  water  into  kydroflaorio  aoid  and  phosphoric 
acid.  It  oombmea  with  dry  ammonia  to  pro- 
duce a  white  solid  2PFj-5NH8,  and.  according 
to  Tassel  (Compt.  rend.  1890,  110,  12D4),  com- 
bines with  nitrogen  peroxide  to  produce  a 
white  crystalline  compound  of  the  composition 
PFj-NO,;  also  Moi.ssan  {ibid.  1885,  10),  1400; 
1886.  103,  1257).  It  condenses  to  a  liquid,  b.p. 
—75*  and  loUdiflM  to  a  floocnlent  masa  at  -83** 
(Moissan.  ihiS.  1904,  138,  789). 

Phosphoryl  fluoride,  phosphorus  oxyfluorlde 
POFg  may  bo  prepared  by  the  action  of  the 
eleetrio  spark  on  a  ndztnre  of  phosphoms  tri- 
fluoride and  oxygen,  by  the  action  of  phi'sphnrus 
oin^chloride  on  genUv  Wiirmed  /.inc  tliiorido 
(Ibiaean.  CJompt..  rcn.i.  IHsr,.  io2.  1245;  Bull. 
Soc.  chini.  1891,  fiii.]  5,  4.58).  -t.  Ix  ttvr,  l.y  the 
method  employed  by  Thorpe  and  Hainbly  (Cheni. 
.Soo.  Trans,  1889,  759),  which  consists  in  gently 
heating  m  mixture  ol  cryolite  and  phospliorus 


pentoxide.  It  ia  a  oolourlen,  fuming  aaa, 
rapidly  absorbed  by  water,  and  vUhoot  aetttm, 

when  dry.  on  glass  or  mercury.  It  condenses 
to  a  liquid  which  boils  at  —40  and  solidifies  to 
a  crystalline  mass  at  —68°  (Moissan,  I.e.). 

Thiophosphoryl  fluoride  PSF,  may  be  ob- 
tained by  heating  a  mixture  of  arsenic  trifluoride 
and  phoapboms  thiochloride  in  a  sealed  glass 
tube  to  160**,  or  by  heating  a  mixture  oi  amor* 
phons  phosphorus,  sulphur,  and  lead  or  Uemnih 
fluoride,  or,  preferably,  by  heating  a  mixture  of 
powdered,  freshly-fused  lead  fluoride,  and  freshly- 
made  pliosphorus  pentosulphide  in  a  leaden 
tubefrom  wnich  air  has  been  expelled  bv  a  current 
of  dry  nitrogen  :  P,Sj  +  3PbF3=3Pb&+2FSF,. 
The  ac'tion  commences  at  170°,  and  the  tempetm* 
ture  ahould  be  kept  below  250°.  The  gas  is 
stored  over  mercury  in  a  glass  holder  containing 
fnirments  of  quicklime,  which  gradually  absorb 
the  Dhosphorua  trifluoride  and  anytxace  of  aili* 
eon  flnonde  contained  in  tile  gee.  ThequleUime 
should  be  freed  from  air  before  use  by  repeatedly 
passing  dry  nitrogen  into  the  holder  and  exhaust- 
ing with  a  Sprengel  pump.  At  ordinary  tempeia* 
tures,  thiopnosphorvl  fluoride  is  a  heavy  colour- 
less gas  which  condenses  at  a  pressure  of  10  to 
11  atmospheres  to  a  colourless  liquid.  ▲  Jet  cf 
the  gas  tmms  apontaneonaly  with  a  greyieh- 
green  flame  of  extremely  low  "heating  power.  If 
a  considernl  lo  quantity  of  the  gas  bo  suddenly 
exposed  to  the  air,  a  fiiae  blue  flaah,  followed  by 
the  greyish-green  flame,  ie  observed.  The  gaa 
burns  spontaneously  with  a  ydlnw  flame  in 
oxygen,  but  the  dry  gas  does  not  inflame  in  dry 
oxygen  in  presence  m  sn£Scient  of  its  oxidatfon 
products.  The  mixture  instantly  inflames  on 
exposure  to  air  or  on  introduction  of  moisture. 

When  heated  or  exposed  to  the  electric  spark, 
the  ga.s  is  decompoeed  into  sulphur,  phosphorus, 
and  phosphorus  fluorides.  It  is  without  action 
on  mercury,  sulphuric  acid,  carbon  disulphide. 
or  benzene.  It  diseolvee  to  some  extent  in 
ether,  the  solution  bummg  with  a  greenish  flame. 
It  dissolves  slowly  with  decomposition  in  water 
and  solution  of  jwt-ash,  soda,  or  ammonia.  It 
combines  with  ammonia  gas  to  form  a  white 
!W)lid.  Gently  heated  sodium  burns  with  a  red 
flame  in  the  ga.«»,  the  residue  evolving  sponta- 
neously inflammable  phosphine  when  treated 
with  water.  When  heate<l  in  a  glass  tube  the 
gas  deposits  phosphorus  and  sidpnur,  with  for- 
mation of  silicon  tetr.ifluoride,  which  occupies 
three-fourths  of  the  volume  of  the  original  gas : 
4FSF,-|-38i->3SiF«-f  P4-{-S«(Thorpe  and  Ro^Ker, 
Cihem.  Soe.  Traoa.  1888,  786 ;  1889.  80«). 

Oxides  and  acid*  of  phosphoru/t. 

The  product  of  the  combustion  of  phosphorus 
in  a  limited  supplv  of  air  consists  of  a  mixture 
of  the  four  oxide8*P«0,  P4O,,  P.O,,  and  P40.». 

The  first  of  these  oxides,  P4O.  was  oh- 

taincfl  by  I>e  Verrier  (Aniiakn.  18.38.  27,  167), 
but  whilst  its  cxi.steuce  Iiah  been  maintained  by 
some  chemists,  this  is  denietl  by  many  othetP* 
(Michiiflis  and  Pitsch.  iht\I.  1S!»9.  310,  4.'»  ; 
Micliaelis  and  Arend,  ihui.  lOOtt.  :U  i,  2r)9  ;  HM)2. 
325,  ;  IJiltz,  Her.  ISOI.  27.  12-.7: 
(V.nipt.  rend.  1897.  124,  7C.3  ;  lS!t7.  12.^  1032; 
IWl.  132,  I55fi;  Chapman  md  Libury.  Chem. 
Snc.  Trans.  1899,  973;  r.urtiess  aud  diipman, 
ibid.  1901,  1236;  Browning,  Chem.  Soc.  Proc. 
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IQOl,  243;    Jungfleinch,  Compt.  rend.  1907, 
146,  325). 

Phosphorous  oxide,  plioiplioroiis  anbydrlde 

L\0«.  The  existence  of  this  compound  as  one 
of  the  products  of  the  slow  combustion  of  phos- 
phorus  seems  to  have  been  first  noticed  by 
Sago  ia  1777.  It  appe«n  abo  to  hsre  been 
obtained  by  Cabell  aa  a  sublimate  from  the 
mixed  ojddes  (Chem.  News,  50,  20d).  It,  how- 
over,  nodved  uo  systematic  examination  until 
Thorpe  and  Tutton  (Chcm  S<>c.  Trans.  1890, 
545  ;  1891,  lOiy)  obtaiuod  it  m  a  state  of  purity 
by  the  following  method 

Fiecee  of  dned  phoepbonu  an  plaoed  in  a 
glMS  tabe  diwwn  out,  but  open  at  one  end,  and 
oonnoct^i'd  at  the  other  en  1  v  Ith  a  brass  tube 
eurrounded  by  a  tube  filled  with  water.  The 
inner  tube  is  connected  with  a  long-limbed 
U-tube  fitted  at  the  bond  with  a  branch  leading 
to  a  amall  bottle,  into  wluuh  tho  product  of  tiie 
action  may  be  passed  by  warming  tha  Umbo 
of  the  U-tube.  A  freezing  mixture  iommnda 
the  U-tube  and  bottle. 

'I'ho  phosphoru.s  liaving  been  ignited  by 
hwating  the  tube,  is  oxidiaed  by  dn^wing  air 
throQgli  tha  appualwi  iritli  aa  aspirator,  and 
iifttT  about  15  minute^!,  the  water  around  the 
brasii  tube  is  heated  to  about  60"^,  as  indicated 
bj  a  thmnometer  ittod  to  the  outer  tube,  and 
ihe  tempemturo  is  maintained  thereabouts 
until  near  tlio  end  of  the  operation,  when  it  is 
raised  to  about  90*.  Tha  foAdfly  fiiaiblo  tri. 
oxide  gradually  paaeee  OTer  from  the  combustion 
products  in  the  oraas  tube  and  solidifies  in  the 
U  -tubc,  a  loose  plug  of  glass  wool  in  the  brass 
tube  preventing  passage  of  the  other  oxidea. 
Tha  aetion  ia  stopped  when  about  fonr^fiftha  of 
the  phosphor u'<  Ikis  been  burned,  in  order  fo 
<iiminish  the  chance  of  oxidising  the  product. 

Tha  praduet  aoiidUiaa  in  the  U-tube  as  a 
snow-white  waxy  mass.  It  may  also  be  ob* 
tainod  in  long  feathery  aggregations  or  in  thin 
l8(dated  prisms,  terminated  by  pyramids,  and 
nnbahly  beionging  to  the  monochiiic  system,  as 
do  thoae  of  tha  oorrmponding  compound  with 
ttfaenic  or  antimony. 

Aooording  to  Jungfleisoh  {Lc),  a  continuous 
yield  of  wiul>dafiiiad  oiyatala  oi  phosphoroos 
oxido  can  he  obtained  l>y  oxidising  pure  dry  ' 
phoiiphoi'us  at  a  low  temperature  at  18-20  mm. 
pressure. 

Phosphorous  oxide  possesse?;  jn^^wliiir 
phosphorus-like  smelL     It  fuses  at  2:^-0   tu  a 

mobile  liquid.  »p.gr.  l-fl858        which  nonnnlly 

la-aolidifieB  at  2P,  but  which  sometimes  exhibita  | 
the  property  of  superfusion.  It  bolU  at  173  1* 
(TfiO  mm.).  When  heated  in  a  Bc^ikd  (ul.o  to 
about  210"  tho  oxido  beeomea  turbid,  and  at 
440°  is  entirely  decomposed  into  the  tetioxidc 
and  unoiphou.s  phosphoms. 

PIlospDorons  o\iil<  is  slowly  dis.Holvod  by 
rold  water,  fortnin.;  phosphorous  ucid.  Wi^ 
hot  water  the  action  la  Tiolant,  largo  quaatitaee 
of  the  red  suboxide  or  amnrpliMus  ]ilio8phonia 
being  produced,  with  cvolutiuu  of  bpouUtneously  ; 
inflatnmable  pho«phine. 

PhcMphoroua  oxide  dissolves  uaclmngcd  in  , 
etiier,  earbon  disulphide,  lx>n7.eno,  or  «  lil.ir(»-  ■ 
form,  Vmf  js  instantly  ignited  in  oontatt  with  ' 
absolute  alcohol.  When  this  action  is  propei 
controlled,  ii-Hhyl  pAcwpAorotu  aeid  ia  obtain 


The  oxidu  is  spontaneously  oxidised  in  pre- 
sence of  air  or  oxvgt^n.  When  thrown  into 
oxygen  heated  at  W  or  it  ignifcaa  with 
great  biillianoy.  It  inflannea  raadfly  wlien 
exposed  to  the  air,  especially  when  warmed 
or  when  in  contact  with  fabrics  or  paper. 
Whan  thrown  into  chlorine,  it  bvma  wfta  a 
greenish  flame.  The  slow  action  of  chlorine 
on  the  coolod  oxide  gives  a  mixture  oi  phos- 
phoryl  chloride  and  tha  oo-caUed  mataphoa- 
phoryl  chloride. 

Bromine  acts  in  a  «iniilar  manner,  but  with 
previous  formation  of  phosphoras  pentabromide. 
With  iodine  it  forms  the  tetraiodide  and  the 
pentoxida  ?  5P40,+8I,==4P,I,+6P,0^.  Heated 
with  sulphur  it  yield.s  phospliorus  hulphoxide 
^40*84,  lurmiug  clear  transparent  crystals,  m.p. 
102**  and  b.p.  295",  deliquescing  rapidly  in  t&e 
air,  and  readily  dissolved  by  water,  forming 
sulphuretted  hydrogen  and  phuiiphoric  acid : 
PA844-10H,O=4H,PO4-f4H,S  (Thorpo  and 
Tntton,  Chem.  Soc  Trans.  1891,  1023). 

Vapour  density  determinations  show  tliat 
tho  paseous  molocule  of  the  oxide  has  the 
formula  F|(0«.  Determinationa  of  the  moleoular 
weight  by  lutonlt'a  matiiod  give  rimflar  reaiilta. 

Phosphorus  tetroxlde  P^O,  was  fir.-it  obtained 
by  Thorpe  and  Tutton  {Chem.  Soc.  Trans.  1880, 
833)  by  heating  the  mixed  oxides  obtained  by 
the  slow  combustion  of  phosphorus  in  a  sealed 
exhausted  tube  at  about  290  .  A  sublimate  of 
this  oxide  in  dear,  transparent,  lustrous,  colour- 
less, orthorhombio  crystals,  volatilising  at  about 
180",  is  thus  obtained.  It  may  be  prepared, 
together  with  amorphous  phosjihorus,  by  heating 
phosphorous  oxide  in  a  sealed  tube  to  about  440°. 

Thia  oxide  ia  highly  deliqneaoent  and  dia« 
fn lives  in  water,  with  evolution  of  heat,  the 
strongly  aoid  solution  being  unchanged  on  boil* 
ing.  Tha  aolntioo  veduoes  meronxio  ddoiide  to 
calomel  on  warminsr,  and  gives  a  whito  pre- 
cipitate, which  rapidly  blackens  with  silver 
nitrate.  Its  vapour  density  at  1400*  la  280 
(West.  Chem.  Soc  Trans.  1902,  933). 

Phosplionif  pentoxide,  phosphorie  oxide, 
phosphoric  anhydride  PiO,„  is  the  prodnet  of  tht; 
complete  combustion  of  phosphorus.  It  may  bo 
obtained  in  a  state  of  purity  by  suspending  a 
porcelain  dish,  rontaininjj  burnint;  ph(isi)luinis. 
m  a  three-necked  globe,  and  drawiuu'  drie<l  air 
through  the  |^obe  with  an  aapizat  ir.  Two  of 
the  nocks  serve  for  tho  entrance  and  exit  of  the 
air,  and  tho  third  and  vertical  nock  receives 
a  corked  tube,  through  which  pieces  of  dried 
^h^phorua  are  droppad  at  intervala  into  the 

GrabowKki  (Annalen.  I'^n.';,  UC^,  110)  rrmm- 
mends  for  the  preparation  on  tho  largo  scale  the 
use  of  a  ahect-iron  cylinder,  having  a  cover  and 
resting  on  a  sheet-iron  funnel.  Thi'  covit  h  is  a 
chimney  closod  by  a  cftrk,  and  a  damper  is  htled 
t<^»  tho  apparatu.<i  so  thiit  the  air  may  be  admitted 
as  required.  The  oxide  produced  is  shaken  at 
intervals  into  a  bottle  beneath  the  funnel. 

This  oxide  is  a  wliito  amorphous  powder 
which,  when  puro,  is  perfectly  oolourleBa  and 
odonriesa.  It  frequently  poseeaeef)  a  fsxlic  ameU, 
from  tho  prescnic  of  phosphorous  n\idr>,  and 
may  have  a  yellowinh  c<)lonr,  nvac  noticeable 
when  a  portitm  i«  allowed  ti.  licliquescc,  from 
presence  of  the  lower  oxido  P4O  or  of  red  phos- 
phorus.   To  free  tho  oxide  from  all.^aoes  of 
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kMror  ozidefl,  it  shonld  be  dirtillad  ovor  platinuin 
<ponge  in  a  onmnt  ot  oxygen,  until  the  product 
Du  longer  reduces  silver  nitrate  solution  (Threl- 
faU,  Flul.  .Mag.  18'j;t  [v.]  36,  14  ;  Shoiujtoiio  umi 
Beck,  Ghem.  Hoc  Traaa.  1803,  473).  It  rapidly 
deUquesoea,  with  prodnotion  of  inetax>liL  -I'liuric 
acid.  When  nddod  to  walCf»  Orthopho»phoric 
acid  ia  gradually  produced,  with  evolution  of 
hw>t  Aoooiding  to  HMtt«femlle  and  Perrey 
(Compt.  rend.  1884,  99,  33),  it  vxluts  in  three 
formii,  crystalline,  pulverulent  and  vitreoua 
(Giran,  ihuL  ItNM*  136.  660). 

PhosphoruB  pentoxide  ia  the  beat  desiccating 
agent  known,  and  is  largely  uiied  in  the  labora- 
tory foe  completing  the  deHiccation  uf  gasea  and 
tiqiiidat  <»  lor  removukg  the  clemeata  of  water 
from  oompomida,  as  in  the  preparation  of  ni- 
trogen pentoxide.  Phosphorus  jM-ntoxide,  when 
completely  pure  ia  capable  (A.  bcconung  highly 
pho8phore%ent  tn  racud  (Ebert  and  Hoffmann, 
Zeit«ch-  phyeikaL  Cheui.  IWK),  80). 

According  to  Becuion  (Coinpt.  reiid.  1897, 
124.  763),  the  oxide  PaO  also  exiata. 

Hypoplioiplioroas  add  U|POt  i»  «  monobasic 
acid  the  aalta  of  which  are  formed  when  alkalis 

or  alkaline  earth-  arc  l>(tUe<l  with  phosphorus. 
The  barium  aait  i(a(PUgO,}g  ia  of  most  intereat, 
aa  the  aeid  and  «dta  ate  nmally  prepared  from 

it.  This  salt  i'*  formed,  with  evolution  of 
pho.sphorctted  .hydrogen,  on  boiling  phosphorus 
with  baryU  water  •.--3Ba{Oll)j-f-2P4+6H,0 
=  31ia(PHjOj).  •  'il'Mj.  it  may  be  derf.mjKmHl 
by  dilute  salphuric  uoid  to  ubtuin  the  acid,  or  by 
the  addition  uf.a  sulphate  to  produce  another 
h^|>ophoq>hite  (Marie^  Compt.  rend.  190^  138, 

Hypfjphosphurous  acid  formn  a  thick  syrup, 
from  wnich  crystala  melting  at  26-&''  (Marie)  may 
be  obtained  by  eraporation  below  1A»  boiling- 
point  of  the  solnti  >ri,  nnd  ((xilinjr  in  a  freezing 
mixture.  When  strongly  heated,  it  deconipoben 
into  phosphorettad  hydrogen  and  phosphoric 
acid.  It  re<lucefl  mercuric  clJoritio  to  calomel 
or  mercury  (Sioverts,  Zeit.>^eh.  anc^rg.  ('hem. 
1009,  04,  29),  and  ia  oxidised  to  phosphoric  acid 
by  chlorine  and  other  oaridiaing  a|^nt«  (iiteele, 
Cnem.  8oo.  Proe.  1906,  IBS).  When  ooncen- 
tratcd  it  attacks  ^Iohs  and  porcelain  more  readily 
than  fhoaphuric  acid.  Most  hypophoapliitea 
dianlTe  in  water,  and  many  in  deonoL  They 
are  all  powerfxil  reducing  agents,  nnd  prreipitatc 
^old  and  silver  from  aolution.  The  sodium  salt 
la  used  in  medlolnei.  For  the  preparation  of 
hypophoHphites,  compnio  Kendal  (J.  8oc.  Ghem. 
Ind.  189«),  1129). 

Acconling  to  Mai  (Ber.  1902,  35,  102).  hypo- 
phoephoioaa  add  reacts  with  organic  (Uazo 
componnda  iorming  hvdrooarbont,  thia  being 

in  fifriu'  ca  (■.-,  an  fidvantagruus  iiHthi  d  of 
forming  the  latter.  \\  hen  boik-d  with  acetone, 
fajpoj^oaphorous  acid  yielrln  crvstalline  pro- 
dncta,  H,P0.-2C,H,0  ;  HjPUjV'alf,* »  ;  and 
H,PO,-C,H,0  (Marie.  Compt.  rend.  JHOl,  133, 
2  !•.»)• 

Phosphorous  aeid  P(OH),  is  obtaine<l  by  the 
action  of  water  on  phosphorous  oxide  or  of 
moiflt  air  on  phosphorus.  The  pure  aci«l  may 
be  obtained  bv  the  deoompoaition  of  piiosphoms 
tfidiloride  imh  water,  or  by  domv  pasaing 
chlorine  through  a  deep  layer  of  pboaphoruB 
meitod -under  water — 

Pag+3H,0»  P(0H),+8Ha 


t  On  evaporating  the  solution  until  it . 
temperature  of  180**  and  forms  a  thick  syrup,  it 
^'ives  on  cooling  a  crystalline  ma8.s  melting  at 
7U  riThomsen,  Ber.  1874,7,990).  W  hen  -trongiy 
heated,  the  acid  pcoducea  ptuNqphoretted  hydro- 
gen and  phosphorle  add.  The  aqneona  eolation 
hlowly  at»Horbs  oxygen.  It  is  a  jKiwerful  re- 
I  duuiug  agent,  and  precipitates  gold,  silver,  and 
I  mercury  from  aolution. 

Phosphorous  acid  is  tnbaaic,  but,  exeejiting 
the  tribuaic  H(Kiium  salt  and  aome  ettiercul  haiUs, 
only  two  atoms  of  hydrogen  arc  replaceable  by 
the  base.  All  phosphites  are  soluble  in  water, 
the  normal  alkaline  salts  being  most  soluble. 
They  act  as  rethn  in;.^  ;it,'t_ats  similarly  to  the 
hypophoaphitee,  but,  unlike  them,  give  a  pre- 
ofidtate  with  lime  water. 

Pyrophosphorous  add  HtPgO,  in  obtained  by 
paasin^  the  vapour  of  phosphorus  trichloride 
volatilised  by  a  stream  of^  carbon  dioxide 
thr(ju^,'h  the  product  of  the  naf-tion  of  water  on 
an  exewjs  of  the  trichloride  for  20  h<.urs.  It  ia 
then  placed  in  a  vacuum  over  fuM d  potash  and 
phosphorus  pentoxide.  It  can  alao  be  obtained 
by  the  continuous  agitation  for  about  6  hours 
atSO^-'lO  of  a  mixture  of  phosphorous  acid  and 
pboBphonia  bichloride.  It  melta  at  38%  ia 
recuiilv  decomposed  by  water,  at  130^  givee  off 
phospnine  and  at  45°  in  presence  of  phosphorus 
trichloride  yields  phoaphonis  and  phosphoric  or 
pyrophosphoric  acid  (Anger,  <  n  pt.  rend. 
nm,  130,  814).  The  pgnophoaphitea,  audi  aa 
NaiPjOj  also  exist. 

Phosphoric  aeids.   Three  acida,  produced  bv 
the  combination  of  phoephorua  pentoxide  with 
one,  two,  and  three  molecules  of  water  respec- 
tively, are  known,  their  namea  and  compo.sition 
being  as  follows :  MflaphoBfkarie  acid  HPO,  or 
PjOjHjO;    jtyrophospkcfic  «Kid  U^VtOj  or 
Pj().2H,0;  aii  l  i>rtltopho«fhor%e  acid  Hjl'O*  or 
PgOlsUaO.    The  sodium  and  silver  salt.s  of  a 
fourth  acid  P^O.CHO),  or  2P,05-3H,0,  which 
may  be  railed  tt-trapnosjihi  rif  ;i(  id.  are  aLsf) 
known  (Pleitmann  and  llenneUrg,  Annalen. 
1848,  66,  324).    Salzer  {Urid.  1877,  187,  822)  ha.H 
described   a  phosphoroso  -  plu)Bphorio  acid  or 
hvpophosphoric  acid  p404(HO),  of  which  phos- 
pnoruh  tt-troxide  may  perhaps  In-  the  anhychide 
(Rosenheim  and  Pritze,  Jier.  1908,  41.  '27Ub). 
Finally,  the  sodium  salt  of  ffttopAoniAorsB  nejd 
Hsl^SO,  (Wuriz,  Ann.  (  him.  Phyt*.  [iii.]  20,  472), 
and  the  Kalts  of  «li-  unfl  tri-  thiophof-phoric 
I  aeid,  H,PSjU-  and  Hjl^iSjO  are  also  known 
j  (Kubiersfliky.'.T.  pr.  Clum.  1885,  [ii.]  31.  93). 
I       Several  Beries  of  thiophohphates  have  been 
[  prepared  by  heating  the  metalw  with  phofiphorub 
'  and  siilpliur  (Ferrand,  jBuIL  Soc.  chim.  1896, 
I  [iii.l  13,  115;  Compt.  rend.  1896,  122,  886). 

OrthophOSphoriC  acid  HjPO,.  usually  known 
I  as  'phosphorio  acid,'  is  a  triba^ic  acid  which  is 
I  producedwhen  amorphous  phosphorus  is  heated 
uitli  concpntrated  nitric  a<id  (NVat.'^on,  J.  Soc. 
(  hem.  Ind.  1892,  224).  The  pho^phoru-s  tJowly 
dissolves,  with  evolution  of  red  fumen,  and  thr 
solution  is  evaporated  in  a  dish  with  repeated 
additiunH  of  nitric  acid  until  re<l  fumeH  cease  to 
be  evolved,  to  ensure  the  absence  of  phosphorons 
acid. 

The  acid  ia  prepared  commercially  from 
lj<ine-aMh  by  ditr(  >ttin^'  3  part>  of  the  ash  with 
3  parte  of  urude  suluhuriu  acid  (1*05)  and  18  or 
80  pnrti  of  water  ux  two  or  three  days.  The 
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solution,  which  contains  ilie  phoHphorus  as  cal- 
cium tetrohydric  diphosphate  ('  superphoephato 
of  lime  *),  ia  then  prea^  in  linen  filtera  frcan 
the  pr('(  ipitated  calcitim  .stilph.ite.  and  is  con- 
ceulrated  to  a  syrup,  treated  with  concentrated 
sulphuric  acid  t<  >  preoi|riftato  the  Bme,  and  the 
solution  fiUtired  olf,  evaporated,  and  heated  to 
remove  the  sidpUuric  acid.  By  auuthor  procciH 
the  solution  is  treated  with  ammonium  carbo- 
na,t»,  whioh  prooipitfttM  the  lune  Mid  letree  tci- 
ammonhiin  phosphate  in  wdnficm.  The  woin- 
til  III  H('j)arated  and  cVHpurat<'d,  and  ipiitcd  to 
exuei  the  ammonift.  The  acid  obtained  by 
eitW  method  oonteine  megnedie  end  other 
iaapurities. 

lu  aiiulher  proucbh  thu  buue  at^h  is  dissolved 
in  its  own  weight  of  hydrochloric  acid  of  Bp.gr. 
1*18,  diluted  with  4  parts  of  water  and  II  parts  of 
sodium  sulphate  is  added.  The  filtered  ttolution 
is  neutralist  (i  while  hot  with  sodium  carbonate, 
lefiltered,  aad  pteoinitated  with  banum  ohlca> 
ide.  The  niixtiue  of  barium  nilphete  end  vhoe* 
phate  thus  obteined  is  deooniKMed  by  eulfiliiiiio 
acid. 

The  bonea,  apatite  or  horn  pith.s,  &o.,  mey 

be  dried,  pmnnu,  find  dir'f»sted  with  aqueous 
phosphoric  acid,  aitt;r  which  the  product  in 
tlMtod  with  sulphuric  acid  (Lomas,  J.  fioe. 
Gbem.  Ind.  1900,  830;  Kng.  Pat.  &611). 

According  to  Maywald  (J.  Soc.  Chum.  Lid. 
1008,  phv>sj>huric  acid  may  lie  iiianu- 

facturcd  by  maintaining  a  low  potential  arc 
pioduoed  by  a  ooixent  oi  60  yolte,  in  a  gnnnlar 
mn.-i.H  of  phosphates  to  which  air  ha^  acccs.s  ; 
the  phosphoric  acid  is  volatdised  and  collei  tixi. 

Other  manufacturing  methods  are  described 
liy  Hiitinakrr  S,  p.  ('hem.  Lid.  1002.  ir>X\  : 
Powter,  tbid.  2o2  ;    Baiidoii,  ibid.  100-4, 

7«7). 

Oommeioial  phoajphorio  acid  frequently  oon- 
taina  anenic,  eitnernom  the  phosphoras  i^ed  or 

from  the  acid  omplbvt  il  in  ili>soh  ins  the  bones. 
The  arsenic  may  be  removed  by  redaotns 
it  to  anenioua  oxide  with  sulphurous  aoid, 

and  preripitatinp:  it  hy  pas'-fipo  (,f  ^uIphTirrttctl 
hydrogen,  atter  ivmovmg  the  excess  of  the  8ul-  \ 
lUUTOoaacid  by  boiling. 

To  avoid  the  necessity  for  removing  the  ar- 
senic, Weiizell  (Proc.  Am.  Pharm.  A»soe.  1882,  j 
556,  and  Pharm.  J.  [iii.]  14, 24)  prepared  the  acid 
by  the  slow,  spontaneous  oxidation  ol  phos- 
phoTtts  in  tmya  containing  a  thin  layer  of  water. 
The  {iliC- jiluifous  acid  tliu.s  prodiui  d  confainii 
the  aiiienio  a^  ar:^eniouB  oxide,  which  becomes 
reduced  to  the  el<-mental  8tat«,  so  that  it  may 
ho  pc  pirntf  il  Ijv  filtration,  -win  n  the  Folution  is 
li<  at(  (l  Lo  alxjut  lUO*  for  haU  an  hour.  The 
tilterctl  solution  is  oxidised  to  phosphoric  acid 
by  the  action  of  nitric  acid  (Runyon,  Pharm.  J. 

Iui.l  14,  48  ;  Sommer,  J.  Soo.  Chem.  Ind.  1885, 

To  pt«;[i.ae  the  pure  acid  the  commercial 
acid  may  be  prtjCipitntod  aa  the  lead  salt  by  ad- 
dition of  lead  ncetalc,  the  ipitate  beiiip 
\4-a-,lu  rl  and  docoin|M).sfd  by  subjeeiing  it  while 
i*u-[H  iidcd  in  water  to  the  action  of  sulphuretted 
hytirogen,  or  by  treating  it  with  dilute  sui|)huric 
acid.  In  the  latter  cii.'^e  the  solution  nuist  Ix- 
evaporated  and  heated  to  re  move  .Bulphuric  acid, 
and  be  then  redisBolvcd  and  freed  from  traces  of 
lead  by  meana  of  i:«ulphuretted  fa^'dn>gen. 

Fhoaphoiie  aoid  tor  mediciiial  puptMea  ja 


al.su  prepared  hj  diaaolnng  the  pentoade  in 

water. 

Aooording  to  !Nico]as  (Cbmpt.  rend.  1890* 

111,  974),  pure  phosphoric  acid  ni\\  I-  prepared 
,  by  gradually  adding  pure  calcium  phoi$pliate  to 
i  a  slight  excess  of  pnre  dilute  hydrofluoric  acid 
eontniiu'd  in  a  lead  or  platinum  voaael*  the 
mixtiin  being  well  stirreu  after  each  addition. 
I  Till'  lii;:h  temperature  of  the  mixture  i.s  main- 
1  taiued  for  aome  time  to  complete  the  reaction ; 
I  the  caloinm  fluoride  fonned  ia  removed  by 
'  filtration  nnd  the  filtrate,  consisting  of  a  t-ulu- 
tion  of  phosphoric  acid,  is  evaporated  unul  a 
tluok  ayrup  is  obtained.    By  further  evapora- 
tion,  meta*  and  pyxophoaphorio  aoida  can  lie 
obtained. 

By  evaporation  of  its  solution  in  vacvS  over 
sulphuric  acid,  orthophosphoric  acid  may  be 
obtained  in  hard,  transparent,  deliquescent,  siiv 
sidtd  ortho-rhombic  pri.'-ni.-  fusuii,'  nt  3S  tj°  and 
losing  water  at  160".  At  about  216**  the  acid  is 
oonverted  into  pyrophosphorio  aoid,  and  when 
heated  until  deii.-i-  white  funie.>  b»  pin  to  be 
evolved  is  converted  into  a  highly  dcli<iu> ;  c<  nt 
glaesy  mass  of  metai^KMphorio  acid. 

The  ftrent^'tli  of  aqueons  .'-olntions  at  15'5*  is 
shown  in  the  tollowing  table  (J.  Watts,  Chem. 
News.  1865,  IS^lflO):— 


Specific 

P.Oa  in  100 

KO4  In  100 

pavitr 

'  t&rts 

gravitjr 

llhrts 

1-508 

40- no 

1-247 

28-24 

]  -402 

4&-41 

1-236 

27-30 

1-476 

4710 

1-226 

1-464 

45-63 

1-211 

1  24-79 

1-463 

45-38 

1-197 

23-23  . 

1-442 

4413 

1186 

1*434 

43-96 

M73 

20-yi 

1<426 

43-28 

1-162 

19-73 

1-418 

42-61 

1-153 

18-81 

1-401 

41  60 

1-144 

17-89 

1-39S 

40-86 

1136 

16-95 

1-384 

-i()]'2 

112 1 

15-04 

1-376 

aooo 

MJ3 

14  33 

1  3m 

39-21 

1109 

13-25 

1-356 

38  00 

1-095 

1218 

1  34fl 

37-37 

1-081 

10-44 

1-339 

36-74 

1-073 

9-53 

1-3^6 

3616 

10((6 

8-62 

1-310 

34-82 

1-066 

7-39 

1-302 

33-49 

1-047 

6-17 

1-293 

32-71 

1031 

415 

1-285 

31-94 

1-022 

:{-03 

1-276 

31  03 

1014 

1-91 

1-2G8 

,  3013 

1006 

0-79 

1-267 

[  29*16 

A  simple  metluxl  of  determining  the  strength 
of  phosphoric  aoid  solutioiui  employed  in 
phamacy,  ia  to  transfer  the  aolution  to  be 
tested  into  a  gratluated  flask  nr.d  tn  ndd  an 
exceiiij  of  a/l  ammonia  solution  followed  by  an 
excess  of  a  saturated  neutral  solution  of  mag* 
nei»ium  sulphate.  The  liquid  i.s  then  diluted  to 
the  mark  on  the  fla.sk.  will  shaken  and  filtered^ 
and  the  residual  ammonia  is  then  titroted  in  an 
aliquot  part  of  the  filtrate  (Segaile,  Zoitach. 
anal.  Chem.  1895.  33). 

Phottphoric  acid  attaclu  gta«H,  porcelain,  and 
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oifu  r  siliiMlcs,  also  fuso<l  .silica  at  a  tcmpcmtiirc 
above  'HA)",  hiUcyi  phuaphatu  aiiU  pUu^pkatca 
of  the  bases  being  lorincd.  It  duboivea  lerro- 
chroiTiiuni  alloys,  ferro-silicon  and  spiegeleiiieu, 
tiut  liie  r»ilica  the  luttt^r  n  mains  undusolved 
(Byron,  J.  Soc.  Chein.  Ind.  1902,  214). 

When  present  m  wMxaent  quantity,  phoa- 
phono  add  inereases  Uie  translttoenoy  and  im- 
proves tho  colour  of  pottt  ry  lxjdii.ti.  It  also 
aot0  aa  a  Hux  and  vitrify iu^  agt^nt  (Parmelec, 
Trans.  Amer.  Ceramie  iSoc  1900.  8,  236). 

Hoth  ortho-  and  pyro-  phosphoric  acids 
lorm  a  aorvB^  ol  hydrates,  those  of  the  luUer 
being  leas  stable  and  readily  passing  into  the 
ortho-  conditiou  (Giran,  (Jouipt.  rend.  OA, 
1270  ;  5mjth  and  Meuzics,  J.  Aiuer.  Chcm.  8oo. 
iU09,  31,  11B3}. 

Phosphoric  acid  posseewe  three  dog^cttet  of 
^acidity,  the  hrst  that  of  a  etiong  acid,  the 
"-I  tond  that  of  a  weak  aciil  like  acclu',  llu-  third 
that  of  an  alcohol,  and  these  correspond  v  itb  the 
formation  of  mono-,  di-  and  tribaaie  phosphates 
(Berlhrlot,  (Jonipt.  rend.  132,  1277,  1517; 
Oavaii«;r,  ihtd.  i'6M),  oi  which  the  sodium  salts 
may  bo  taken  as  types.  These  include  the  normal 
or  tri-sotliuui  phosphate  NajPO^,2H,0,  the  hy- 
drogen disudjum  phosphate  llNagP04,12HjO, 
and  (be  di<hjdn)gen  aodimn  i  hoepbate 

H,NaPO«^jO, 

The  norma!  nlkaliiiL  salts  arc  n.adily  soluble 
and  ^H>sses8  an  tiliuiUiic  rt-aciiuiu  The  uisolubie 
normal  phosphates  bxg  converted  by  dilute 
acidB,  even  by  carbon  dioxidt*,  into  the  soluble 
hydrogen  phosphates,  i  1}  i  i  r  ugen  djaodinm  phos* 
pbate  and  correspouding  salts  are  obtained  hy 
adding  a  solution  oi  the  hydroxide  or  car  bona  u: 
of  the  base  to  phosphorto  acid  until  weakly 
alkaline.  The  ujlnUrogcn  pho-phates  of  the 
alkalis  are  soluble  and  aJightiy  acid.  U  hen 
slnmgly  heated  they  prodttoe  metaphcephates 
with  c\ulutioii  uf  water. 

The  phubphiitcb,  which  can  be  freed  from 
phosphohe  acid  by  hc-uting  them  in  a  current  of 
ohlonne  and  carbon  tetrachloride  ( Jaimasoh  and 
Jilke,  J.  pr.  Chem.  190S,  |.ii.]  78,  21),  are,  accord- 
ing to  bpecht  and  llut.schik  (Zcitsch.  iarl  e  n 
and  XexttL  Ind.  1905,  i,  297),  very  ellectivc  as 
reserres  in  d3'eing  processes.  This  is  partictt- 
•  larly  tnio  rtf  the  alkali  salt?. 

\\hcii  gliK-iai  x'hobphoric  ucid  lij  healed  with 
glyoerolto  100°  and  the  product,  after  neutralis- 
ing with  barium  carbonate  and  filtering,  is  de- 
com])osed  with  the  calculated  amount  oi 
hulpburic  acid,  glycerophosphoric  ucid  is  de- 
tained (Porte  and  Prunier,  J.  Pharm.  Chim. 
1804,  393;  Adrian  and  Trillat,  ihid.  1898,  [v.] 
7,  22G:  Compt.  n-iA.  IS'JS,  12(5,  1215;  Bull, 
boo.  chim.  1898.  19,  tia-i ;  liubert  and  lic  iugou, 
ibid,  21,  935;  Can6,  Compt.  rend.  lUOl,  133, 
182;  Um  137,1070;  1904,  138,47).  Uh.uT, 
phOopLuric  acid  yieida  normal  and  actd  saiu 
with  the  metals  and  also  combines  with  organic 
ba.ses  such  as  quinine,  cocaine,  &c  k'ho»- 
jjhoric  acid  also  reacts  with  mannitol  (Cane, 
tbid.  1903,  136.  30ti). 

PhoBphorio  acid  esters  can  be  prepared  by 
stirring  together  a  halogen  or  fatty  acid  deriva- 
tive ot  a  Ui-glyc(  ride  (2  molt-,)  with  phoii|  Lorus 
peutoxide  (1  mol.^  and  water  (1  mcd.)  (Llzir 
and  Batik,  J.  JSoc.  Cium.  Ind.  lOOS,  713; 
I>.  E.  P.  miaSi  i  Arbosofl,  iter.  1906,  3d, 


1171  ;  Cant',  Adu.  Chim,  Phys.  1905,  [viiLje, 
340  ;   Vouug,  Chem.  fcioc.  Proc.  1907,  06). 

Pyrophosphorlc  acid  Htl'iO,  is  obUined  by 
healing  orthox>hosphoric  acid  to  21£>**  for  tsomv 
time  (Ciiran,  Compt.  rend.  1902,  184,  1499; 
1902,  135,  IHd  ;  KoM  idu  ira  auu  Pritze,  I.e.). 
It  occurs  either  as  a  boii  y.h\9H  or  as  au  upat^ue 
crystalline  mass;  crystals  tcparate  from  the 
tjyrupy  acid  at  —  If  and  uic  ll  ut  61*  (Ciran, 
I.e.).  It  may  bo  obUuicd  lu  tsoluliuu  by  precipi- 
tating the  sodium  salt  with  lead  aoeUte  aiid 
decomposing  the  precipitate  with  sulphuretted 
hydrogen.  When  heated  in  sohitkm  it  ia  con- 
verted into  orthophog])liLirjc  acid  (Berthelot  and 
Andi^  Compt.  rend.  1896,  123,  776;  Monte- 
martini  and  %idi,  Gacz.  ohim.  itaL  1908,  32.  i. 
381). 

Pyrophosphates  arc  obtained  by  ktuiiag  the 
mono-hydregen  phospiiates,  or  by  addition  of 
the  base  to  the  acia.  Both  normal  and  acid 
sodium  uud  other  alkaline  pyrophosphates, 
having  an  alkaline  and  an  acid  reacuoii  rei-i)ec- 
tively,  arc  known.  When  heated  with  an  acid 
they  are  converted  into  ortho  phosphates  (Ride- 
nouj,  I  I   I  I.  /entr.  1900,  i.  SiJ-i). 

Metaphosphorie  acid  UPU,  is  o burned  as  a 
transparent,  highly  dehqueticent  glassy  «nasa 
when  orthopho-iphoric  ncid  i.■^  heatca  untd  dcnso 
whitt!  iumes*  begin  to  be  cvulvcd.  It  is  ihcu 
knouTi  as  glacial  pfiosphoric  acid,  and  usually 
contains  sodium  phosphate,  which  coiPBinni* 
cate.s  hanhtesii  to  the  oilierwise  Milt  aeid 
(Brt  sciu.  .  ZeiiKch.  auaL  Chem.  6^  187;  Betteop 

doril.  iind,  27,  24). 

It  is  also  obtained  by  the  spontaoeoos  deli- 

que.sceiiee  (jT  pho.'^i'horu-^  peiiloxide. 

On  standing  at  the  ordinary  temperature,  or 
more  rapidly  when  boiled,  metaphoeiihonc  acid 
is  changed  intti  the  ordinary  ortho-  acid  (Berthe- 
lot and  Andj6,  Compt.  nud.  1697,  124,  265; 
Monteuiarthii  and  Hgidi,  Gaxs.  ohim.  itaL  19U1, 
i.  31,  394). 

Metaphosphoric  acid  volatilises  at  a  bright- 
mi  heat.  Its  salts  arv  pin>arcd  by  neutralising 
the  acid  or  by  heating  a  Uihydric  orthophosphate. 
Among  the  salts  no  less  than  hve  modifioations 

arc  iviiowii.  Tluy  may  be  regarded  as  fcalls  of 
l>ol^  uitiic  mctaphosphoric  aciUs,  and  ore  respec- 
tively known  as  mono-,di-,  tri-,  tetia-,  and  hexa- 
mi  t  a  phosphates. 

Various  esters,  alkyl  and  other  ujgauic 
dtrivatives  of  pliohphorus  have  been  prejiared 
(Giran,  Conipl  ruui.  1898,  126,  092;  Cavalier, 
tbid.  1S9S,  l;:7.  60;  1906,  142,  885;  Pfeiffer, 
HvT.  1904,  37,  4()20  ;  Hotenheim  and  Levy, 
ZeiUicb.  auorg.  Chem.  1906,  43,  34;  Hibbt  rt, 
Ber.  1906.  39.  100;  Lcmoult,  (xuii)t,  rend. 
190,%  141,  1241:  Bcrlhaud,  tl',<L  I'.-nc,  143, 
1116;  BarUr,  Monati^h,  l!>liO,  i*,  'J'ii^ ;  Au- 
scbutz,  .iViiiialen,  1907,  358,  5t2  ;  Michaelin  and 
Linke,  Ber.  1907,  10,  3419;  Autenrieth  and 
Geyer,  tbid.  ItHlS,  41,  146;  Memkoi.l,  ibid. 
3571  ;  Pibt.4chimuka,»tiJ,  385,  4  ;  Levi  Mnlvaiio, 
Atli.  R,  Avcad.  iancei,  IMOa,  l.v,j  17,  i.  641; 
bwari/.  BuU.  Acad.  Roy.  Belg.  1909,  60;  Luff 
and  Kipping,  Clieui,  .Soc.  'l  ians,  1909.  I9'.t3  ; 
Arbuson,  J.  Kus8.  Phyb.  Chem,  lioe,  1910,  42, 
395). 

Fur  iletcction  and  estimation  of  phosphoric 
aeid  v.  AKAiVsis. 

PHOTOGRAPHY.  Historical.  Iniroliniion. 
—Photography  ia  the  art  by  means  ol  which 
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images  of  various  obieota  nuiy  be  formed  by  i  con'  by  Scott  Axeher  in  1851,  whereby  the 
six'oially  coiistrucU'd  len^^cs  <m  sensitive  iiliub,  oxix'^iiri*  nocessary  was  retluoed  to  a  StiJl 
ami  liiero  n  udt-iLxl  vi&ibli;  uud  pcrmaiicut  b^"  .  ^hoiici  time.    Thia  pmccss  differed  from  the 


oartain  uhemicol  pruccsaou. 

'Xhe  eti^fc  of  light  in  ohaDging  tho  nature  o£ 


Talbotypo  in  empiuymg  glass  as  a  substrutuni 
for  ihe  senntive  m»te»U,  and  thia,  coated 


ehemioal  sabBtancee,  more  especially  oertMn  |  with  odiodion  oontaining  the  soluble  halogen 


salts  uf  silver,  wu.-s  known  tu  tUu  uncieuta,  but  no 
use  was  made  of  such  ohonges  until  the  experi- 
meots  of  Soheale  fink  demmwkrated  tJie  action  of 
the  solar  rays  on  these  salts.  Count  Kumftird 
liod  Uitter  showed  that  these  actions  were  pro* 
diKMd  ebiefly  by  invisible  taya ;  but  no  practical 
use  was  made  of  the  discovery  of  this  uction  of 
light  until  Thomas  Wedgwood  in  IS02  published 
\u:i  uu-tluxl  of  producing  sun-picturus  on  trhite 
pa^er  impceigaftted  with  a  salt  of  »iver« 

Dagnerre  and  Niepce,  taking  advantage  of  liie 
camera  obscuni  iaveut<Ml  by  IJaptistii  Porta, 
succeeded  in  rendering  tho  images  produced  by 
its  leoaes  permanent ;  and  from  a  long  aeriea  of 
experiments  devised  the  process  of  the  Oaguerro- 
tjpe.  Tu  Niepce  ia  due  the  credit  of  being  the 
mat  to  notice  the  fact,  that  the  action  of  light 
was  capable  of  rendering  bitumen  insoluble  in 
its  ordinary  solvents,  aud  that  by  placing  a 
drawiug  which  had  been  varnished  to  make  it 
transparent  over  a  plate  oovored  with  a  thin 
layer  of  bttomen,  and  expoaing  the  wh(4e  to 
the  sun,  the  parts  uuc<jvereid  by  the  line^i  of  the 
drawmg  could  be  dissolved  away  by  certain 
aolventi.  These  early  experiments  laid  the 
fouudattt  !i  f  f  the  modL-rn  method  oi  producing 
copies  knowu  under  the  name  of  Heiiography 
Ot  Collotype. 

A  period  now  followed  in  which  many 
experiments  conducted  by  Wedgwood,  Herschel, 
aud  othorb  wore  carried  out  on  sUver  compounds ; 


salts,  furmed  tlio  sen-it ive  silver  compound 
by  double  decomposition  ou  the  him.  ITie 
senjritiTe  plate,  being  transferred  to  t  he  camera, 
was  r7:]vr .  to  the  light,  ami  the  invisible 
image  produced  waa  tleveiopcd  in  ihu  dark 
room  in  a  manner  afterwards  to  be  described. 

For  a  long  time  tho  wet  collodion  prooeaa 
held  itii  own  ;  but  gradually  the  advantages  to  be 
obtained  from  a  plate  sensitised  ,<o  us  to  keep 
without  deterioration  for  aome  length  of  time 
began  to  be  felt,  and  plates  prepamT either  with 
a  collodion  or  gelatin  eniulsiun  have  supplanted, 
except  for  certain  imriKJses,  the  wet  plate  proceftH. 
At  first  dry  plates  consisted  of  those  prepared  in 
the  silver  bath,  which,  after  being  sensitised  and 
washed,   were   dipped   in   iiuuie  prcscivative 
matciiiU  capable  of  retaining  the  seusitivenefw 
of  tiic  lilm  for  considerable  p^oda.  These 
rapidly  gave  place  to  the  process  now  in  use, 
where  the  sensitive  salt«,  niixisd  with  ^^a^m 
solutions  of  gelatin,  are  spread  upon  glass 
plates.   When  drv  the  plates  are  ready  for  use 
and  will  apparently  keep  in  a  f>erfcct  condition 
for  a  long  period  of  time.    Tke^ie  mwlern  plates 
differ  from  the  older  form  of  wet  plate  in  being 
enormously  more  sensitive,  .and  have  thus 
rendered  possible  the  photography  of  moving 
objects  and  subjects  only  dimly  lighted. 

In  1871,  R.  L.  Maddox  produced  some 
successful  photographs  with  gelatin  annlaion. 
and  a  little  later  they  wore  commercially  prc- 


but  thoy  proved  unauooeseful,  chiefly  owing  to  I  pared  and  introduced  for  sale  by  R.  Kennett 
the  Inabili^  to  render  the  ooftei  made  witii  the  "*  * 

silver  salt-  iixod  or  permanent.  Some  years 
afterwardii  ilerbcheli  showed  that  sodium  thio- 
sulphate  might  be  used  as  a  fixing  agent,  and 
this  siibstanct-  is  employed  at  the  present  day 


and  BnigeM.    A  still  more  aenaitive  emol- 

sion  was  devised  by  Bennett  about  1878, 
which  was  produced  by  prolonged  dkestion  of 
the  prepared  mixture  at  32°,  and  finally  the 

discovery  that  the  fimshed  emulsion  could  be 


I^iiepco  and  iJaguorre  madu  experiments  on  |  rendered  stiU  nu  re  rapid  by  boiling  for  a  short 
silver  loiiide  as  the  senstive  material.  Their  [  tinie»  or  in  oertain  cases  by  tlw  employment  of 
eJi^erimduts  resulting  in  the  establishment  of  j  ammonia  in  its  formation*  baa  given  us  the 


the  Dagnerrotype.  In  this  process  a  silver  ^ 
plate  is  treated  with  io<line,  and  then  expi'sed 
in  tho  camera.  After  enHMure  it  is  placed  in 
a  properly-oonstmeted  box  and  the  image 
developed  hy  the  vapour  of  mercury.  Baguerre 
was  thus  able  to  produce  a  mudeiaiely -sensitive 
film,  and  many  of  the  portraits  done  by  the 
Daguerrotype  procen  «tUI  exiat  in  a  remarkably 
good  condition. 

About  the  same  time  Fox  Talbot  introduced 
the  prooeas  known  as  the  Talbutype,  in  which 
waxed  and  iodised  paper  treated  with  a  ailTer 
salt  was  employed-  This  paper  wa«  more 
Bousitivo  than  the  materials  previously  em- 
ployed, whereby  the  exposure  neeessary  was 
nuich  shortened,  the  imnpr  bcIiiL'  developed 
w  ith  gailio  acid.  These  pictures  were  termed 
'  negatives '  by  Talbot,  as  the  U0iU  and 
sliadows  were  reversed  ;  to  produce  a  '  positive ' 
from  these  a  second  sheet  of  sensitive  paper 
was  expose<l  under  tho  'negative.'  Tho  work 
of  Talbot  iormit  the  basis  ox  the  more  modem 


numerous  and  rapid  plates  which  are  now  to  bo 

procured, 

la  later  years  the  principles  underlying  the 
manufactureol  senritivefilmshavenot  materially 

al(erc<l.  The  improvements  introduced  in 
manufacture  aud  development  have  largely 
been  In  the  direction  of  introdnoing  into 
films  mibntanrcs  which  render  them  more  sensi- 
tive lo  rtiys  oi  bght  other  than  the  violet,  and 
thus  rcaidcring  possible  the  more  modern 
processes  fur  isbchromatic  and  panchromatic 
photography. 

Aii'irniu.-!  impJoycJ. — For  a  detailed  de- 
scription of  the  various  forms  of  apparatus 
employed  in  plwjtographic  work,  special  text- 
Ixmks  must  be  consulted.  There  are,  however, 
two  iuiportant  pieces — the  lens,  and  the  camera 
— about  which  a  short  detioription  may  be  given. 

The  lemses  in  general  use  for  photographic 
purposes  are :  (n)  single  achromotic combination  ; 
{b)  unsymmetrical  doublets;  (c)  symmetricnl 
doublets  i  {d)  triple  combinations  ;  (e)  anostyg* 


processes,  and  the  names  of  *  positive*  and  |  matio  combinations  ;  (  /  )  telephoto  objeotives; 

negative'  introduced  by  him  ;ir<-  still  retained,  i  (g)  an;ichr(.m;d  i<    t  .miliinutHiis.    Alth.iiiph  the 
These  inventions  were   overshadowed  by  i  first  have  been  teruied  *  single  Icusi'S,'  it  must 
the  introduction  of  the  *  wot  ooUodioa  pro>  I  be  imdaratood  that  photo^phic  lenses  are 
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oombinations  of  two  or  more  simple  Icnd«», 
and  the  term  'single  lent'  here  refers  to 
tba  bet  that  only  one  oombination  is  used, 
iarteftd  uf  two  or  man,  m  in  tiio  otiker  or  more 
perfect  lenaes. 

Hie  flingle  lens  (Fig.  1 )  conHists  generally  of  a 
rorn)<inati(>n  of  two  or  iimre  Irnnps,  arranged  as 
a  cutubinatioQ  in' the  tube  of  the  lens  at  the  end 
nearest  the  camera ;  the  convex  Hide  of  the  com- 
binntion  being  towards  the  plate.  This  ia  a 
good  lens  with  wliich  to  begin  photographic 
work.  It  ia  fairly  rapid  with  a  moaerat^y  wide 
•Qglo,  and  gives  good  definition.  It  ia  not, 
rer,  ap^icaUe  to  the  photography  of  large 


diminiAiag  theao  disadvantages  and  noderiag 
the  lenses  useful  as  oniveml  lenses. 


Flo.    1.  S!N<;I,K  CnS- 


Fio.  2.— R  ai  ii>  Rkcti- 


bofldinffB  sear  at  hand,  as  the  marginal  rays 
snlier  cufrtortion. 

A  rectilinear  or  symmetrical  lens  (Fig.  2)  con- 
ststa  t)f  two  oombmattons,  arranged  at  the  ands  of 
the  brass  tube,  front  and  back.  These  combina- 
tions are  the  same  in  both  cases,  eonsistiiig  of  a 
comrctging  menisons  lena  oenented  to  a  diverg- 
ing meniscns,  the  latter  occupying  the  outside 
poeitions  in  the  tube.  This  is  a  useful  lens, 
giving  practically  no  diitortioa  and  powessing  a 
ttiriy  wide  aogle. 

A  symmetneal  wide  an^  lens  is  oonsCmoted 
much  in  tlu'  same  way,  and  has  two  combina- 
tioDS  formed  of  meniscus  lenses  but  of  much 
deeper  curvature  than  those  emjdoyed  in  other 
OombinationH.  and  placed  closer  together  in  the 
lens  tube.  Such  lenses  take  in  a  very  wide  angle 
unci  are  specially  suited  for  photopapMng 
buildings  and  portions  of  landscape  in  wamped 
situations.  They  are  somewhat  slower  than 
other  combinatMNM*  bvt  ghra  no  appnoiablc 
dislMtion. 

Tlie  lens  for  portrtStore  (Fig.  3)isoonatnioted 

to  get  thi-  LTcjitfst  amount  of  rapidity,  but 
although  possotisiug  that  advantage  it  has  some 
defiits.  It  oonsists  of  a  back  and  front  com- 
bination arrangecl  at  some  little  diHtance  apart. 
The  front  combination  contains  a  double  convex 
and  a  plano-concave  lens  cemented  together,  the 
double  convex  lens  taking  the  position  next  the 
object ;  the  back  combination  consists  of  a 
(1<.u1i1li  roiivex  and  a  diverging  nieniscuH  Icnn, 
which  are  frequently  mounted  so  as  to  leave  a 
smaD  space  betwseo  the  two  ]0BMii,  TliadiniUe 
convex  lens  is  |laood  hi  ths  tabe  in  the  position 
next  the  camera. 

With  the  dry  plates  now  obtainable  great 
rapidity  can  be  got  with  this  lenp,  but  it  hns 
little  depth  of  focus,  poor  marginal  (litinition, 
and  presents  a  rounded  ficltl.  It  is  devised  fur 
portraitore,  and  is  well  adapted  to  that  purpose. 
In  some  of  the  newer  lenses  oonstmoted  on  this 
peaft  inpKoirwMiiti  haw  been  made* 


Fm.  S^PoBnun  Com>      Vn,  ^.^-Ooon 
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Fig.  4  reprefients  the  arrangement  of  the 
lenses  in  what  is  known  as  the  Cooke  lens  which 
is  much  used  for  hand  cameras  and  in  generel 
landscape  work.  With  a  wide  aperture  it 
covers  plates  corre»iM)nding  to  the  size  of  the 
lens  well  up  to  the  margin,  and  when  stopped 
down  will  cover  larger  plates  like  a  wide  angle 
lens.  These  lenses  are  free  from  distortion  and 
from  spherical  and  chromatic  aberration. 

Fig.  6  represents  the  arrangement  in  the 
telephoto  lake  soitaUe  for  obtaming  viewa  of 
ineeceeriMe  objeete. 


Tefephoitf  Arrangemtnt 

Y\Q.  C. 


Tht  Camera.  This  oonsists  of  a  box,  made 
of  wood,  or,  preferably, « as  in  the  modem 

cameras,  a  fnimework  of  wnod  with  a  ln  Hi  ws- 
expanding  body  of  leather,  so  that  when  dosed 
the  camera  may  f)ccupy  little  space  and  be  eoin» 
paratively  light.  In  front  of  the  camera  is 
placed  the  lens,  and  at  the  back  a  plute  of 
ground  glass,  on  which  the  image  of  the  object 
to  be  photographed  may  be  focussed,  together 
with  an  arrangement  for  lengthening  or  shorten* 
ing  the  body  of  the  camera.  The  pot  ition  of  the 
ground-glaffi  screen  is  the  same  as  that  occupied 
subsequently  by  the  sensltlTe  plate. 

Accompanying  the  camera  are  one  or  more 
double-backed  dark  slides,  arranged  to  cany  two 
dry  plat^  each,  back  to  back,  with  a  blaekened 
slij)  of  thin  sheet  iron  between  them  and  a 
tiliding  shutter,  so  as  to  expose  the  plate 
when  in  the  oamen.  In  the  case  of  wet- plate 
work,  it  is  customary  to  use  a  dark  slide  holding 
ordy  one  plate.  The  dark  slides  of  larger 
cameras  may  be  fitted  with  light  wooden 
carriers,  which  allow  of  smaller  plates  being 
used.  For  the  exposure  in  the  camera  <» 
flrxible  material  coated  with  emulsion  other 
arran<^umont8,  such  as  roller  slides,  an-  required, 
on  which  the  material  may  be  stretrluil.  A 
ik'seripti'in  of  these  will  be  found  untit-r  the 
section  describing  paper  negatives  and  stripping 
films.  The  camera  shouUl  be  made  of  light  and 
well-seasoned  wood,  and  the  body  of  good 
leather.  It  should  be  capable  of  oiiening  out 
to  a  length  two  or  three  timea  as  much  as  the 
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length  of  the  largest  plute  it  carried.  The 
corners  may  be  braiss-buuiul,  espLLuUlj  for 
cameras  required  in  hot  cliiiiiites.  riio  front, 
oarcying  the  i«iu^  ahouUi  be  provided  with  a 
vertioaffttid  a  horizontal  adjustment,  so  tiiat 
the  positiun  cf  the  lens  in  these  direotiuus  may 
be  changed  at  will  without  altddug  the  position 
of  the  oamera.  The  baek  ci  the  ineenuneot 
sliould  liave  a  oertain  degree  of  swing,  so  that 
the  angle  between  the  seaaitivu  piuto  and  the 
axis  of  the  lens  may  be  Vftried  when  required. 
By  auch  freedom  of  movement  it  is  pfii>sHjle  to 
obtain  considerable  improvumeat  in  the  adjust- 
ment of  the  forms  of  objects  at  difi^sant  dis- 
taaoes  and  in  peculiar  posttioiu. 

To  ob^te  the  neoeerity  of  dark  backs, 
camenis  have  been  designed  in  wliich  a  separate 
slide  for  the  plates  is  dispeosod  wit^  and  its 
place  taken  by  a  ninltii»«z  back,  oontaining 
about  eight  or  more  plates,  wluch,  by  ii  meclium- 
cal  arrongemtsat,  can  ba  oltcruatciy  uatp^jsod  to 
the  lig^.  Other  more  modern  cameras  have 
from  time  to  time  been  introdueej  where  con- 
tinuous hliud  on  ruUei^i  may  bo  umxL 

The  support  for  the  camera  should  be  as 
strong  and  steady  aa  possible  consistent  with 
lightneas.  For  ontHloor  work  the  camera  stand 
ig  generally  made  to  fu!d  up,  .su  u,'^  to  make  it 


more  portable^  and  in  most  oases  the  legs  of  the 
stand  have  a  diding  adjustment,  wltwh  is  a 

matter  of  importance  when  working  on  unequal 
ground.  Thu  most  important  requirement  of  a 
stand  is  perfect  rigidity  when  fixed,  so  that  no 
vibration  nuiy  be  coauttttnioated  to  tbs  camera 
during  exposure. 

Action  of  light  on  sUvtr  compounds.  Al- 
though nmny  ohemioai  substances  undergo 
change  by  light,  the  halogen  compoimds  of 
silver  are  those  generally  employed  in  photo- 
gcaphy,  and  they  may  be  taken  to  illustrate 
anon  changes,  as  well  aa  those  taking  place  in 
the  further  procesasa  of  developmeni  and 
iutcnsiiicatiun. 

Of  the  composition  of  the  latent  image  we 
have  no  exact  knowlr  dLv.    If  \-.  generally  ac- 

cei)tcd,  however,  tluit,  thu  ciiaxii^e,  so  far  as  the  .  Laliiiu  clevelopment  the  redueiiig  or  ilevcloping 
lialogen  Hilver  sidta  are  concerned,  is  the  con- 
version of  tiuiae  into  sub-salts,  ss  may  be  shown 
by  silver  bromide,  2-\gBr=*AgjBr-|-lir,  this 


It  dilTors  al;ii>  according  to  the  material  with 
which  the  seutfitive  compound  may  bu  luixed  or 
on  which  it  may  bo  spread,  whether  at  the  time 
of  exposure  to  light  the  material  be  in  a  moist  or 
in  a  dry  condition,  and,  tinally,  the  dilNrent 
quiuititie.i  m  uiiich  the  sensitive  compounds 
may  bo  mixed  together. 

Ohmieei  adwn  in  devdopment  of  lAe  {mage. 
As  the  action  of  Vt't^lil  would  have  to  Ik* 
immensely  prolonged  to  produce  a  vi^iblu  image 
on  the  sensitive  film,  rsagenta  are  employed 
which,  exercising  n  rcdticing  action  on  the  tilver 
^tij,  render  visible  the  acUou  begun  by  the 
light.    Such  agents  arc  termed  developers. 

The  action  wluch  takes  place  in  the  develop- 
ment of  wet  collodion  plated,  may  be  illustrated 
by  the  action  of  ferrous  siUphate  on  silver  nitrate, 

in  which  it  Uj  assumed  that  liio  silver  so  deposited 
adds  itself  to  the  silver  salt  already  changed  by 
the  action  of  the  light,  and  decomposed  by  the 
developer,  thus: 

8AgjBr+3Fb804»S^«(60«),+I'oBf,+4Ag. 
The  developid  iiiKigc  In  the  wet  plate  is  essen- 
tially on  the  burlauti  ui  the  tiliii.  bemubt)  thu 
silver  salt  is  on  top  of  the  tilm.  If  the  ferrous 
S  ilt  and  silver  nitrate  be  brought  together  alone, 
too  rapid  reduction  lukea  j.lace.  •  It  is  cus- 
tomary, therefore,  to  employ  certain  bubstarcts 
which  act  as  restrainers  during  the  deoomposi* 
tion.  These  ate  U»  be  foand  in  either  mineni  vt 
organic  acids,  and  in  oertain  other  ofgsnio  com- 
pounds. 

Development  may  also  be  carried  out  vith 

organic  salts  of  irot^  of  which  the  jnost  impor- 
tant is  ferrous  oxalate : 

2Ag,Br-{-3<FeC«0«)=Fe,(Cj04),+FeBr,-J-4Ag, 

a  change  comparable  with  that  of  the  fertOUs 
sul{^ate  just  described. 

Besides  iron  salts,  jy  iogallol  is  employed, 

lolli  in  the  wet-coUodion  anrl  in  riry  plato 
processes,  the  action  here,  nb  m  tlui  case 
of  iron  salts,  being  one  of  reduction  in  the 
presence  of  some  halogen  ft  1  orbcnt.    In  al- 


eh mgc  bi  ing  common  to  the  throe  haloj:;rn  s  dtn. 
Expeaments  have,  however,  shown  that  the 
change  n)ay  be  probably  of  a  much  more  compli* 
cated  kind.  Vhatcvpr  its  rxnrt  nalnre  may 
l)e,  there  is  evidence  to  show  that  it  will  not 
take  place  with  any  facilitv  unless  some  agent 
is  ^present  which  will  aosorb  the  halogen 
as  It  is  liberated  during  the  change.  Such 
agent-  are  to  be  found  in  certain  metallic  salts 
and  in  organic  substances.  In  the  wet  collodion 
process  th«t  presence  of  exoeas  of  aiiver  nitrate 
on  the  r?tirfat;e  of  the  sensitive  plifo  acts  a-^  .-uch 
an  absorbent.  To  trace  the  extent  to  which 
such  silver  compoumU,  either  alone  or  when 
mixed,  arc  sensitive  to  the  action  of  lij'fit.  the 
exaimiiaUou  must  be  made  by  photogruphing 
the  solar  spectrum.    This  has  been  extensively 


action  takes  place  tirsit  on  silver  sub- bromide, 
produced  by  the  action  of  light  on  the  bromide, 
the  bromine  thus  set  free,  being  absorbed  by 
tlic  organic  substratum.  In  tins  development 
the  change  is  produced  by  pyrogaiiol  rendered 
alkaline  by  ammonia  or  some  other  alkaline 
siibsTance,  the  pyrogaiiol  alone  being  unable 
lu  cflect  the  reduction  of  the  sub- bromide  to 
inetaliic  silver.  In  the  presence  of  an  alkali, 
however,  it  becomes  a  rapid  absorbent  of 
oxygen,  or  of  an  equivalent  of  clilorine,  bromine 
or  iodin«'. 

As  there  seems  reason  to  believe  that  freshly- 
deposited  silver  converts  unaltered  silver  btomide 

into  fill  -ub-bromide,  and  as  thin  Fuh-bromide, 
on  b«  ing  attacked  by  the  developer,  would  at 
once  give  a  depoait  extending  over  the  plate 
farther  than  the  area  of  the  action  of  thu  light, 
it  is  neces.sury  to  have  with  the  developer  some 
eubstancc  c«i)able  of  acting  as  a  rcntrainer  on 


done  by  Abncy,  Vogel,  and  many  others,  and  j  the  secondary  dccomjMjMi tion.  Generally,  soluble 
the  following  general  conclusions  may  be  drawn  j  bromides  are  employed  forthi.s  purjjose,  and  it  is 


from  the  experiments  ; — 

The  action  of  the  light  is  difierent  for  each 


IKisaible  that  they  form  a  double  sail  with  the 
silver  bromide,  Ic.-'m  easily  attacked  by  the 


of  the  halooen  aalta  ox  silver,  either  alone  or  nascent  silver,  so  obviating  a  depoiut  except 


when  mixed; 


where  the  Ught  has  begun  the  action. 
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It  must  be  imdecstood  that  our  preaent  know* 

ledge  of  the  action  of  light  and  of  dt  vilopcrs  on 
silver  s&It^  ]&  liot  ooiujilete  euough  lo  cuuble 
equations  to  be  written  ezpnuing  eiaotly  the 
cbajofioa  wJuoh  ooour, 

!%•  idee  of  ionbation  has  been  introdnoed 
to  (  xpLiin  the  chemistry  of  (k  vi  lopment.  Thua 
in  the  oase  of  hydroquinoae,  where  it  in  ImowD 
thet  the  product  formed  horn  it  during  develop- 
ment 13  quinonc,  the  hydroquinone  is  supposod 
to  become  ionised,  thua  losing  during  the  action 
two  negative  charges  which  neutralise  the  posi- 
tive charges  of  the  silver  in  tin-  ioiu.st'<l  silver 
biomide,  the  oxygen  atoms  combiumg  to  lorm 
quinonc 

Chemical  actioM  in  mfeiMVicafioii,  redmdwnt 
mid  JbcaHon  of  negative*,   m  the  proeese  of 

int<}naification  wo  have  a  stn  ngthenmg  of  tin 
devolopeil  image,  which  mav  bo  brought  about 
in  two  ways :  either  by  oauamg  a  further  deposi- 
tion of  silver,  or  n  dcpo-itinn  of  some  other  sub- 
stance on  tho  tiUvcr  already  de[)oaited  during 
development. 

Iq  the  first  ease  the  change  is  analogous  to 
tiuii  of  development.  As  an  instnnoo  of  the 
•eoimd  the  foUowitig  may  \>v  taken  : 

Ag,+2Hga,=Hg;a,-f2AgCl.and 
Hg,Cl,-f-2NH«OH=NH,Hg,Cl+NH4a-i-2H80 
when  in  the  first  place  tlie  silver  deposited  on 
the  plate,  on  tnatmeut  with  mercuric  chloride, 
yields  meroorons  and  silver  chlorides.  On  appli- 
cation of  amnvinii  soluti</ii  to  this,,ift<T  \\;i^hiiig, 
\ve  have  the  image  daxkened  by  the  formation  of 
black  dimercurou8^^m1noniam  efaloride. 

Other  inf '  iisifying  agents  are  employed,  of 
which  the  follov^mg  are  the  most  Important : — 
Mercurou  ohloride,  after  waahing  mth  sodium 
sulphite, 

Hg,a4+Na4SO,+HjO«2Hg+lsa^04-f2Ua 
UctouDiis  ehktride  with  fiemus  oonlale, 

Ilg«CI,+2Aga  +  4FeC,04+2K,C,04 

-2Hg-f  Ag,-f2Fe.(C,0,),+4KCI. 

Potasaio-flilver  cyanide  on  mcrcurous  chloride, 

Hg,C  I,+2AgK(CN),-Ag,+8Hg(CN)»+2Ka 

The  ferricyanides  of  lead  or  uranium  On  the 
ajlver  image,  2Ag,-f  2Pb,Fo,(CN),, 

-.Ag,Fe(CN),+3Pb,Fe(CN),. 

Tlie  Mibsfance.s  formed  in  this  case,  being  white, 
are,  aft^sr  %'asbiog,  treated  with  an  alkaline  sul- 
phide to  omvert  them  into  the  dark  sulphides. 

rhr  frrrooN  aiiiilf  of  iiraniutn,  j)o'^>>:  ; ing  a  dark 
biuwn  4x>luur,  rt^ndenj  ihe  picture  suliicjently 
dense  without  further  treatment. 

Fixii"y  (hi  ncqatitt.    Tliiri  i?  generally  done 
with  ^-odiuiii  tiiiosulpLate  or  potas.sium  cyanide, 
the  action  of  these  sub^t.itii  <•>  <1(  pending  upon 
thelormatton  of  soluble  double  salts  of  silver 
with  the  alkali  metals,  which  can  be  washe*! 
inayfrriii)  tlic  negative.    In  fixing  by  sodium 
thiosulphatc.  it  is  necessary  that  the  solution 
should  be  ooneeotrated,  otherwise  an  insoluble 
'loublc  salt  may  bo  produced.     Tlir  a*  ti-m  in 
each  case  may  be  represented  by  the  loUuwmg  : 
equations :  I 
AgPr  ;  2KCN=AL'Kfr'X).  ■  KT^r 
2AgBr4-3x\*i,S,0,— AgjNa^^bjUjjr-'^aBr.  ) 
Bediming  najaiivu.   It  often  happens  that ' 
a  negative  becomes  too  d<  aso  during  the  proci  >s 
of  development,  and  h.  is  necessary  to  reduce  iia 
density.  Tikis  may  be  done  dther  hy  mechanical 


or  oheuiical  means.  In  the  appUeation  of 

(•heniital  liieans  two  aetionn  may  take  place, 
(1)  tlie  imagij  may  be  cunvertea  into  one  of 
aiiotiier  or  lees  dense  colour,  or  (2)  the  excess  of 
silver  deposit  may  be  removed ;  the  latter  is  the 
beet  oonrse,  and  fa  done  by  transforming  tiio 
silver  intt*  -ilver  chloride  or  liromiik.  and  n  - 
I  moving  that  by  solution,    ^uuy  substances 
I  effect  this  change,  such  as  cupric  and  ferric 
ehlurid' .-^  Mtaehiiig  pnv.ili  r  solutions,  sodium 
I  and  ^K^ta^sium  h}pochlori<es,  ammonium  and 
I  potassium   persulpnates.   The  silver  reduces 
these   salts,    becoming   itself  converted  into 
ciiloride,  which  may  Ik;  reuiovetl  by  again  fixing. 
Witli  eo])ix>r  and  ferric  chlorides  wo  have 
A'2 ,  T  2nuCl,=2AgCl-hCu,a, 
Aga"  I  2FeCla=2AgCl+2Fe€lj. 
These  methods  have  the  disadvantage  of  not 
showiii'^'  the  full  diminution  in  density  till  the 
whole  ol  till   Agt'l  has  been  renjovwl  by  the 
fixing  n-n-iii.    To  allow  of  the  final  re«iucing 
action  beiu^  seen  daring  the  operation,  a  process 
has  been  mtroduced  by  which  potassio-fecrio 
oxalate  is  simultaneously  used  with  the  sodium 
thioMuIplmte 

Ag,+ Fe,(C,04),=Ag,C,04+2FeCaO, 
AgX',0,+3Na,8,0,=Ag,Na<(S,0,)3+Na,C,04 

(Eiler).  Pota.Hsium  ferricyanide  may  also  be 
employed  with  sodium  thiosulpbate 

2Ag,+2K.Fe^CN)„ 

=Ag«Fe(t;ii).+3tK4Fe(CJ«),J 

.\g«Fe(CN),  +  6NuiSjO, 

«2Aga\a,(S,0,),-fNa«Fe(CN),. 

Preparing  and  edging  platen.    To  prepare 
glass  plates  for  coating— either  with  collodion  in 
the  wet-plate  process,  or  for  the  more  moileni 
processes  with  emulsions — it  is  neoessanr,  ii 
.  they  have  been  umd  before,  that  aU  the  old  film 
I  dhould  111'  rrniovi  il  ;    aiel  whether  they  have 
been  used  or  not,  lo  ix>iish  ihem  so  u.s  to  receive 
I  the  fresh  coating.    Old  varnished  films  may  be 
removed  by  soaking        j  l.ite^  for  24  b<  tir^  in 
.  ouiutions  of  hydroclilorte  ui  nitric  ncid  con- 
taining 1  part  oi  till  aci<l  to  20  parts  of  water. 
Aft«r  this  time  the  film  can  be  eanly  removed 
by  brushing  with  a  nail  brush  and  warm  water. 
After  removal  of  the  film  the  plate  .'-houM  then 
receive  a  polish,  so  that  the  eoatmg  may  flow 
eai<ily  over  the  surface.   This  is  best  done  with 
ordiii.irv  vhitlii'j  and   water  made  up  to  a 
creamy  coasi.stcncy,  ur,  what  hud  proved  very 
effectual  in  tiio  WTiter's  experience,  rouge  made 
up  to  the  same  consistency  with  alcohol,  and  a 
few  drops  of  ammonia  achled  to  it  to  dis.'-olvo 
grease  staint^.    The  plate  is  laid  on  a  pa*l  of 
thick  fiannel,  a  little  of  the  fiuid  containing  the 
rouge  in  poured  on  the  plate,  which  is  gently 
rubbed  with  a  small  pn  i  .1  M.amel.    Tlie  alcohol 
gradually  evaporating  lea\ei  the  plate  covered 
with  a  thin  film  of  d^  rougo,  which  is  Ixt&t  re- 
HjOvi  1  by  gently  jKilinhing  ■with  a  pad  of  t:;--ue 
the  linal  jKilish  to  the  plate  Ijeing  given 
with  a  .'-ccoiid  i>Hd.    If  whiting  and  WUtor  an» 
u.>4e<i,  the  ]y>\v<ler.  when  dry,  must  bo  removed 
with  a  .«lir;htly-(lainiKKl  cloth,  and  however 
perfect  the  cloth  iw>y  be,  it       a]it  to  ha\e 
shreds  on  the  surface  oi  the  plate,  which  muy  be 
obviatod  by  using  the  tisstto  paper. 

When  (leaned,  it  i.n  ru.4ojieiry  tn  p'i\e  f]].. 
plate  au  edging  or  hubstratum  ot  f^>jiie  malcnal 
which  will  assist  the  collodion  or  the  emuloiuii 
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to  •tick  more  firmljrto  the  plate  during  the  sub- 
sequent prooessee  of  wasning,  Ao.  In  dry 
plates  it  is  not  alwA};^  absolutely  tieeenary  to 
c-iiiploy  an  edging,  l)ut  i«  soraetiims  advisable, 
and  is  almost  imperative  with  collodion  hlms. 
The  foUowjng  tolntioina  nrfll  be  found  suffioient 
tor  aahstrntas— 


- 

1  • 

c  ■ 

d 

« 

Whlt«  of 

Dried 

1  e»fg 

50  en. 

Gelatin 

Tj  K'rfl. 

Animooia  . 

5  mui. 

5  mm. 

:>  drs. 

India-rubtier 

5  gT9. 

Chlorofonu 

5  OS. 

Benzene 

5  oz. 

(recUfled) 

00  OS. 

<K>os. 

Water 

Mot. 

a  aud  b  iiiusl  be  lilti  rcd  before  use  Uuuuuli 
a  light  plug  of  cotton-woul.  In  a,  b,  and  c  the 
plates  may  be  immoBeed  entirely  in  the  solution, 
and  plaeed  on  the  rack  to  dry.  In  d  and  t  the 
solution  should  be  poured  on  as  described  for 
coating  with  ooUodiou,  or  au  edgixut  of  about  a 
4|iiarter  of  an  ineh  may  be  given  wiw  s  brush. 

Thb  Collodion  Pbocess. 

Although  gelatin  emulsion  plates  are  now 
extensively  used  for  ordinary  photography, 
collodion  plates  are  still  employed  in  process 

objec 


woik,  and  any  aooount  of  the  subjeot  would  be 
inoomplete  without  a  dei^cription  of  this  pcooess 
whioh  for  long  wu«  the  only  one  in  use. 

The  process  depends  upon  the  coating  of 

gluss  plates  with  a  Ptratum  of  soluble  pyroxyline 
or  collodiou,  impreguated  with  soluble  iddide.s 
or  bromides,  which  form  the  sensitive  silver 
oompound  when  plaoad  in  a  solution  of  silver 
nitrate. 

The  soluble  pynxcyline  or  collodion  cx)Uon 
C,  KHgjO^(OH)(NO,)g  is  formed  by  the  action  of  a 
mixture  of  nitrio  and  sulphuric  acids  with  a 
little  water  (HNO,  with  HjSO,  and  1JH,0),  or 
of  a  mixture  of  potassium  nitrate  with  sulphuric 
aoid  upon  cotton.  It  differs  from  cotton  in 
being  soluble  in  a  mixture  of  alcohol  and  ether, 

Jrielmng  a  viscous  fluid,  which  on  evaporation 
eaves  the  pcUiele  or  fdm  of  coUocUon. 

To  prepare  the  soluble  cotton  for  collodion, 
S  measured  ounces  of  nitrio  aoid  (sp.gr.  1*457) 
are  mixc<l  >vith  2  ounces  of  water  in  a  pint 
beaker.  Nine  mea5urc<I  ounces  of  stroitg  suU 
phurio  acid  (sp.gr.  1-84^)  arc  then  added  to  this 
mixture  with  conntaut  stirring,  and  the  mixture 
allowed  to  cool  to  60".  100  grains  ot  dry 
cotton,  in  tufts  of  about  10  grains  eacJi,  an.'  im- 
mersed in  the  mixture  of  acids  and  allowed  to 
remain  from  6  to  10  minutes  in  a  covered 
b<  aker.  The  acid  is  then  poured  ofT,  the  eotton 
squeezed  with  a  glass-rod,  wa^thed  in  a  Fttream  of 
water  until  all  aeid  has  disappeared,  and  "Snally 
dri(»d  hy  expo'-iiire  to  the  air.  Bi  fdi-f  drying',  the 
cotton  may  be  washett  with  a  ijttle  weak  solution 
of  sotlium  carlK>riate  to  ensure  the  total  re> 
moval  of  the  aoid. 

The  cotton  employp<l  must  be  entirely 
cleansed  of  all^sinous  matter  adhering  to  it. 
For  this  purpose  it  should  be  boiled  in  mxlium 
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For  larger  quantities  of  pyroxyline  the  fol- 
lowing amounts  of  the  different  acids  may  bo 
taken: 

Sulphuric  acid,  sp.gr.  l'84ff  .       .  18oK.fl. 
Kitrtc  acid,  c^P^gi**  1*467        .       .  6 
Water  ». 

The  nitric  acid  is  llrst  added  to  the  water, 
and  lastly  tto  sulphuric  acid,  the  mixture  being 
stirred  and  allowed  to  cool.  These  quantities  ox 
acid  will  eonvert  about  300  grains  of  cotton. 

For  the  manufacture  of  pjioxyline  by  the 
seoond  method  with  potassium  nitrate,  the  fol> 
lowinsr  quantities  wUl  be  found  useful  : 
Sulphuric  aoid       .       •       .    0  oz.  fl. 
Dried  potaestum  nitrate  .      .   14  os.  (av.) 

Water  1  ox.  fl. 

The  acid  and  water  are  hrst  mixed  to- 
gether, and  the  dried  potassium  nitrate  then 
added  gradually  in  a  fine!y-enishe«l  condition. 
(h\  Btirriugr  a  trau&pariMit  viscuu.-!  liquid  ia  ob- 
tained, wluch  must  lx»  kept  at  a  temperature  of 
52".  Into  this  about  00  groins  of  dried  cotton 
arc  then  dippwl  in  the  manner  previously 
described,  and  allowed  to  remain  in  the  muctuie 
for  10  minutes. 

To  form  wfMion  the  pyroxyline  is  dissolved 
in  a  mixture  of  alcohol  and  ether  with  the 
necessary  quantities  of  soluble  iodides  and 
bromides  to  form  the  sensitive  salt  when  the 
plate  is  immersed  in  ttie  silver  bath.  The 
following  quantities  will  give  good  general 
reaoltat — 


u. 

UK 

Pyroxyline  . 

120  grs. 

120 

grs. 

lOO 

grs. 

F.ther,  sp.pr-  0-725 

10  oz. 

JO 

OZ. 

10 

oz. 

Alcohol,  sp.gr.  U'805 

4  oz. 

o 

oz. 

c 

oz. 

Ammonium  iodide . 

30  grs. 

40 

grs. 

fiO 

»»• 

Cadmium  iodide  . 

4Sgr8. 

40 

grs. 

Cadmium  bromide 

20 

grs. 

Aicoliol,  sp.gr.  0-830 

4  OBr 

oz. 

6 

oz. 

Ammonium  bromide 

• 

26 

gts. 

The  pyroxyline  is  lirst  dissolved  in  the  mixad 
al< oltol  iind  ether  ;  the  iodides  and  bromides  axe 
then  dissolved  in  the  weaker  alcohol  and  the 
two  solutions  mixed,  i.  gives  a  simple  iodiseil 
collodion,  iL  a  bromo-iodised  collodion,  both 
Huitalde  for  negatives ;  iii.  a  collodion  snitalde 
for  positives  or  ferrot>pes. 

The,  seMttising  bath.  The  silver  salt  em- 
ployed in  the  manufacture  of  this  bath  is  silver 
nitrate,  and  the  strength  for  the  ordinary  bath 
m  from  35  to  40  grains  of  silver  nitrate  to  the 
ounce  of  water  except  in  certain  eaj-es.  Aixait 
j^th  grain  of  puta.sinum  iodide  should  he  added 
for  every  40  grairw  of  silver  nitrate  ;  or  the  bath 
may  be  allowed  to  become  saturated  with 
silver  iodide  during  the  subsequent  working. 

To  make  the  bath,  from  a  quarter  to  half 
the  quantity  of  wat«r  to  l>o  employed  is  t-aken. 
and  in  it  the  silver  nitnito  is  dissolved  ;  to 


this  solution  is  added  the  8<»luble  iodide,  tausuig 
a  pixjcipitate  (»f  yilvi^r  iodide  gnidually  dissolvinii; 
on  shaking  ;  the  reuiairider  of  the  water  is  then 
otlde^l,  the  mixture  allowed  to  stand,  and  fil- 


_  _  tercd.  After  preparation  the  bath  should  be 
oarboaate,  thoroughly  washed,  and  finally  dried  slightly  acid^  and  nf  this  a  drop  or  two  of  nitrio 
before  immeraiotttn  the  mixed  acids.  '  -  --'-^  —»-»-*  — * — ui- *u_ 


or  aoelio  add  mqr  he  added,  prelecably  the 
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flhoold  the  bstii  be  too  add  after 

making,  a  litfli^  sndium  cirbonatc  may  '>e  added. 
The  ioilowing  are  coaveoieat  quantities  for  the 
pwparaHon  wli^firuiioimtainlMikhtolatkm-^ 

For      For  poeltlVM 
noRrtfives  and  ferrotnieB 
Silver  nitrate  freOfJFlrtalliied!  t' nz.  5  oz. 

Distilled  water       .       .  moz.        80  oz. 
NitaieMid  .  lOmin.  ISmin. 

Saturate  with  ma  iodid»  m  b«fora  denribed, 
and  filter. 

DtmlopmeiU  of  tile  latent  image.  The  ehe- 

miHtry  <>f  thf  Jirtion  of  the  wet  plate  process 
hii.H  b«en  alrfa<ly  indicated.  It  ia  only  neof  -isary 
now  to  gire  formula  bait  adaptc  l  t  >  thie 
development  of  the  image.  Thoae  roluto  par- 
ticularly to  tho  acid  development  collodion 
pcocew. 

The  following  taUe  sivea  the  quantibieB 
for  wme  WMfafinm  davdopen  for 


ralpbate 
Oopper  Milpfaata 
Barfnm  nlwata ' 
Aci'tlr  Mdd  . 
Alrobot  . 
Nitric  add 
Water 


75  pi. 


UOfln. 


100 1 


^  1126  pa. 
501 


125 
501. 


120  an. 

120[nin.  120nilD.  lOOmio.  ISSmla. 
120  ,.        —      100   „  • 
8  „    10  min.      —  i 
6oa.     5oa.  I   5oa.  I 

In  the  wtt-platc  procetjs  the  development 
may  be  carried  out  bj  pooriog  a  aufiicient 
quantity  of  the  fluid  over  the  plate,  or  the 
plate  may  bo  immnrsfd  in  a  dish  oh  in  tho  caw 
of  dry  plates.  When  sufficient  detail  haa  made 
it«  appearaiioe,theeKoeasof  developer  is  waahed 
off  by  a  stream  of  water. 

InUnsijicatioH  nj  utl  ylnlfit.  When  tho 
denaity  of  the  tie^atiTe  in  nut  sufficient  for 
printing  purposes,  it  may  be  strengthened  by 
pouring  oTer  the  plate  a  sufficient  quantity  of 
either  of  the  follotring  solntiomi : 

a  h 

•  PymgaDol .  .10  gn.  — 

CStric  nc-id  .  20  gn.  60  grs. 

Ferrous  sulphate  .  —  25  gnk 
Water  .    Soa.  fios. 

After  the  plate  has  been  thorou^;hly  mois- 
tened with  the  solution,  tho  latter  is  poured 
back  into  the  developing-glass  and  a  few  drops 
of  a  10-grain  solution  of  silver  nitrate  added  to 
it.  ()n  re-flooding  the  plate  with  the  rai.xture, 
the  image  will  gratlually  gain  in  density.  Other 
subataooes  may  be  employed  as  intensifieni, 
some  ot  which  will  be  mentioned  in  connection 
with  dry  pLife^,  ljut  for  a  full  ripli  r»  <  f  the 
various  formul»  text- books  on  photography 
must  be  eoQsolted. 

Fiziruj.  To  remove  the  tinactod-upon  silver 
salt,  sodium  thioHuljphate  or  pot.-uisium  cyanide 
maybe  employed  ;  the  solution  beini;  containf>d 
in  a  flat  dish,  or  in  an  Upright  bath  provided 
with  a  dipper.  The  following  quantities  are 
those  genenlly  employed  for  platM— 


Sodium  tUofluIphata 
Water  . 


4  oz. 

20  oz. 


Potassium  cyanide. 
Water  . 


120  grs. 
6  oz. 


a  is  preferred  for  ne^tives,  h  for  positiTes. 

Great  care  is  required  in  the  employment  of 
tho  latter  salt  on  account  of  its  very  poisonous 
character. 

VarnxMhes. — For  tho  proteetif)n  of  films  they 
should  be  covered  with  a  coating  of  varnish  as 
fllsMT  and  as  laard  as  possible,  to  prevent  damage 
during  the  operation  of  printing.  These  var- 
nishes are  restns  dissolved  in  such  solvents  as 
alcohol,  benzene,  or  chloroform.  The  compo.si- 
tion  of  some  <^  these  is  kept  secret,  but  the 
quantities  (^reo  in  the  next  oolvnm  yield  good 
material  for  ordinary  work. 

a  and  c  are  suitable  for  negative,  c  being 
very  hard  and  durable,  h  may  m  nibbed  off  for 
letouchini:  the  necrative,  and  should  not  be  used 
when  great  permaueucy  is  required.  For  further 
detaHa  with  togiaid  to  photognphio  Tuniahes  «. 


■  ■ 

• 

5 

0 

4 

Shellac 

— 

150  gr. 

Sandarao  . 

150  ,. 

384  gr. 

430 gr. 

Ifastic       .  . 

60., 

Whit<^  hard  vamish 

30B. 

Camphor  . 

3gr. 

Oil    lavender  . 

5  dr. 

I  dr. 

Chloroform 

2  „ 

Oil  of  turpentine . 

|dr. 

Sdr. 

Venice  tuxpentine 

|dr. 

Aloohol 

1 

60C 

6  OS. 

60s. 

601. 

'  Ike  la«itabls  bariom  solpbata  fonned  Is  filtered 
cff ;  5  Is  saftabto  tar  positlvefl. 


Dry  Pi..\tk  I^RorESSES. 

CoOodion  emtdsion.  Next  to  the  wet  plate 
process  ^ome  the  move  modem  or  emulsion 
processes,  which  may  conveniently  be  divided 
into  those  containing  collodion,  and  those  con- 
taining gelatin  as  the  thickening  medium  in 
the  emulsion.  Gelatin  emulsiona  are  now  the 
most  important ;  Irat,  the  others  being  useful  for 
certain  ]>ur]iii-rs.  the  production  of  a  <  njlndion 
emulsicin  is  briefly  described  before  proceeding 
to  those  in  which  gelatin  is  em^oye^ 

The  plates  having  been  prepan>d  and  edged, 
if  necessary,  as  previously  described,  may  be 
coated  with  an  emulsion  prepared  in  the  follow- 
ing manner.   The  plain  collodion  may  !>«  made 
by  dissolving  200  grains  of  ordinary'  pyroxyline 
in  5  ounces  of  alcohol  (sp.gr.  0-82(>)  mixed  with 
10  ounces  of  ether  (sp.gr.  0*730).   To  make, 
I  say,  1  pint  of  emulsion  from  this,  after  the  final 
treatment  of  emulaification,  dryinjr,  washinc, 
.  and  re-emulsifying  has  been  gone  through,  we 
I  may  take     ouncas,  or  the  half  of  the  ooUodion 
propare<l.    2CK)  ^'rain-i  of  7\nr  bromide  an-  next 
weighed  out  in  tw.-  ]torti(mH  of  1(H»  grains  each, 
one  of  these  portioiin  beiim  di  -olvod  in  the 
smaUe-Ht  quantity  of  alcohol ;  \  or  5  drops  of  nitric 
acid  are  adderl  to  the  Kolutiim.and  thi^n  poured 
I  into  the  collodion.    The  8*Tond  1(K)  grains  are 
I  dissolved  in  a  boiling  tube  in  alcohol,  10  drops  of 
I  nitric  acid  added,  and  kept  ready  for  use.  Next 
'.1^0  yraiu'^  of  silver  nitrate  are  w<-i;;hefl  out  and 
i  di.ssolvod  in  about  5  to  0  drs.  of  water,  and  10 
I  drops  of  nitric  acid  added  to  the  solution.  To 
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this  solution  1|  onnoes  of  wnrm  aloohol  are 

added,  and  the  two  liquids  thoroughly  mixed. 
The  oollodiou  coatainiug  the  ziao  bromide  is  uovr 
j^ced  in  ft  tbwA  oonvenient  for  mixiag,  and 
(ho  solution  of  silver  nitrate  jrradually  added, 
wth  constant  dtirriug,  till  about  oue-hali  to  three- 
qaarters  of  the  silver  solution  has  been  poured 
in.  The  whole  of  the  bromi'lo  folution  is  now 
added  in  exactly  the  same  way  as  described, 
and  then  the  remainder  of  the  silvier  solution. 
Should  any  of  the  silver  solution  crystnJlise  on 
the  sides  of  the  boiling-tube  it  may  be  dissolved 
in  a  little  water  and  about  half  an  ounce  of 
^ooholt  and  added  to  the  emulsion  with  oonstAOt 
stirring.  The  emulsoo  so  pr(>parcd,  when 
examined  by  a  candle  or  gas  flame,  should  appear 
of  a  deep  orange  tint  by  the  light  transmitted 
through  a  thin  film. 

Manufnflure  of  gelatin  emulsions.  Gelatin 
omulmonci  are  now  so  varifii  in  their  nature  and 
the  details  of  their  special  preparations  are  so 
carefully  guarded  by  the  di^rent  makers,  that 
it  is  impossible  here  to  deal  nith  the  details  of 
their  preparation^^.  Only  a  short  description  is 
given*  therefore,  of  the  general  points  in  the 
manvbetare  of  an  emulsion  on  a  email  scale. 

Gelatin  emulsions  may  be  amnr^cd  in  the 
following  three  classes  :  (a)  the  ammonio  nitrate 
procesSy  (6)  the  acid  boiling  proc(^,  and  (e)  the 
cold  process.  (i)  is  simplo.  ca«!y  to  perform  and 
suitable  for  begiimers ;  {b)  requires  more  ap- 
paratus and  does  not  yield  quite  so  sensitive 
an  emulsion  ;  (c)  requires  no  iieating  bat  is  apt 
to  yield  irregular  resolta. 

It  is  necessary  that  all  operations  in  making 
the  emtdaiou — heating  to  obtain  the  required 
rapidity,  and  finally  waahing  the  emulsion  when 
formed — should  be  carried  out  in  the  <lark  room 
or  in  vod  light.  For  most  cases,  light  passing 
through  ruby  glass  is  sufficient,  but  in  the  menu* 
facturp  of  oxtra  rapid  emulsions  greater  pre- 
caution witli  regard  to  light  is  necessary.  As 
during  the  process  of  manufacture  the  emulsion 
must  be  Iwpt  at  a  certain  temperature,  glass 
or  poroelafn  yessels  are  neeessary  for  disnolving 
and  MiIxinLj;  the  erinstituents,  and  a  ^mall  pan 
or  dish  is  required  for  keeping  the.se  vessels  ut 
the  reqnired  temperature  by  hot  water. 

The  hub.itance.-j  roquirci]  fi  r  i  Iinpli  emulsion 
are  dilvor  nitrate,  potasaiuiu  bromide,  and  .iiito- 
type,  or  hard  goktin.  Convenient  quantities  for 
a  small  amoufit  of  emulsion  are  obtamed  by 
takint;  300  gr.vins  of  gelatin,  cut  up  into  .shreds  \ 
by  scissors.  TheHc  aro  transferred  to  a  j!  i  ^ 
beakur,  or  other  vessel,  and  covered  with 
5  ounces  of  water,  in  which  186  grains  of  potas- 
sium bromirle  have  previously  been  di.'isolved. 
By  a  little  rannipnlatiou  with  a  glass  rod  iho 
gelatin  gradually  softens  and  hwc11::4.  While 
the  gelatin  is  being  softened,  231  graiu.'*  of 
rtdver  nitrato  are  duHsulved  in  5  ounces  of  water 
l)V  yontle  heal  in  the  pan  or  water- luilh,  and 
when  the  solid  is  thoroughly  dissolved  some 


strong  solution  of  ammonia  (0>880)  ift  gradually 

adileil  to  th'-  1  vr  solution,  with  constant  ; 
stirring,  until  tlie  preuipitiite  which  first  forms  is  i 
diwolved.  The  two  vessels  aro  now  placed  in  a  ' 
p  ill  with  water.  k"pt  ri  'nrr  'islv  at  a  lempcT.itnre  ' 
never  risint;  above  35"  ujiul  the  gelatin  becomey  | 
lir->t  vi-icous,  and  llicn.  with  constant  stirring, 
perfectly  liquid.    It  is  e-isential  that  the  gelatin 


'  Up  to  this  }x>iut  the  operations  may  be  carried 
out  in  the  ordinary  light,  but  all  foftiMT  work 
must  be  done  in  rub^  u^ht. 

When  the  gelatin  is  thoroughly  liquefied 

the  solution  of  silv(  r  nitrate  is  added  graduallv 
with  constant  stirring.   Many  arrangemen  t  s  ha  ve 
been  deyised  from  time  to  time  for  ^e  proix  r 
addition  of  the  silver  solution  to  the  gelatin, 
liut  it  can  be  done  with  ease  l)y  pouring  the 
solution  in  a  thin  stream  from  an  ordinary 
lipped  beaker,  or  through  a  glass  funnel  uith  a 
very  small  orifice.    When  the  mixture  is  com- 
plete, wash  out  the  rest  of  the  silver  solution 
remaining  in  the  beaker  with  about  an  ounce  of 
warm  water,  and  add  to  the  emulsion.  The 
eniulsion  must  now  be  examined  by  spn-ading  a 
little  on  a  glass  plate  and  looking  at  it  by  trans< 
mitted  light,  when  it  should  appear  of  a  violet 
eolfHir,  a]iparently  with  a  tendency  to  assume  a 
rodc-puik  tinge.    The  enud-sion  having  been 
allowed  to  remain  in  the  hot  wat^'r  for  from 
half  to  three-quarters  of  an  hour  to  undergo  a 
process  of  ripening,  it  is  then  poured  into  a 
tilt  phntoLrraphic  dish,  placed  in  a  7>erfectly 
dark  box,  and  allowed  to  set.   It  should  remain 
thus  for  at  least  24  hours,  but  will  be  better 
if  allowed  to  remain  two  or  three  days.    As  iho 
emulsion  when  first  prepared  contains  an  excess 
of  silver  salt,  it  must  undergo  a  process  of 
washing,  which  may  bo  carried  oat  in  mbjr 
liyhl  ill  two  ways. 

The  gelatine  pellicle,  having  been  scraped  off 
from  the  dish  by  a  bone  or  glass  spatula^  u 
transferred  to  a  sqiuire  of  eoarae  canTas, 
thnriiu;;hlv  wetted  l<i  soften  it.    Tlie  corners  of 
the  square  arc  gathered  together  and  tied  with 
string,  thus  indosing  the  pellicle  in  a  rough  bag. 
This  bap.  eontaining  the  pellicle,  is  placed  in  a 
vessel  of  %vatcr,  and  thoroughly  kneaded  by 
squeezing  it  against  the  sides  of  the  vessel  by 
means  of  the  spatula.    The  pellicle  is  thus 
squeezed  in  threads  through  the  canvas,  and 
f  ills  tf)  the  bottom  of  the  washing  vessel.  When 
the  whole  of  the  emulsion  has  been  thus  treated, 
the  water  is  poured  off  and  the  pelliele  agafat 
I  rovered  with  iresh  water,  .nllowrd  to  stand  for 
I  about  5  minutes,  and  the  water  again  poured 
olT.  thi.**  operation  Ix-inc  repeated  six  or  eight 
times.    It  will  1k»  found  advant«prou<'  during 
the  prooess  of  washing  to  toa.««o  up  the  shreds  of 
f>cllicle.    Where  a  tap  and  running  water  can 
be  obtained,  the  washing  will  be  facilitatetl. 

After  perfect  wa.shing  the  pellicle  is  tumc<l 
out  of  t  he  washing  jar  on  to  a  porcelain  strainer, 
covered  with  a  handkerchief,  and  the  excess  of 
water  drained  away.  It  may  then  be  swilled 
with  a  wash  of  inetli;  latctl  spirit,  which  faeili- 
tJitcH  dr^'ing.  and  Irunsferred  by  the  poroelain 
spatula  or  gla.^s  s|*oon  to  a  suitable  jar  covered 
with  a  lid,  until  it  is  required  for  coating  the 
plates.  Other  method.s  of  washing  the  pellicle 
have  been  introduced,  such  as  placing  it  on  a 
hair  sieve  after  squeezing  through  canyas»  and 
then  washing  on  the  sicTO  in  a  stream  of  water 
from  !hi  tm  :<<  tup.  It  is  jvxssjiblc  tlint  spreaditii,' 
the  emuLsi(  >n  on  a  .sieve  fueilitates  the  subsequent 
drying. 

A  second  mctho  !  if  wa  liin.'  the  (Mnulsion 
and  removing  the  solublu  aaiib  to  precipitate 
it  with  alcohol.  This  in  done  by  pouring 
methylated   spirit   into  the  emulsion. 


be  perfectly  litpiid  before  adding  the  silvosr  MXt»  I  with  constant  stirring,  when,  on  allowing  the 
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mixiuro  to  cool,  the  emulsiou  ia  found  pre* 
oipltated  at  the  bottom  of  the  vessel.  The 
precipitated  emulsion  can  then  be  washed 
in  a  stream  of  water,  and  transferred  to  a 

oovoretl  pot  until  required  for  coat  ing  the  platos. 


the  first  time,  and  yield  one  of  moderate  rapidity. 
The  following  table  gives  a  selected  leriee  of 
emolsionB  auitable  for  different  purposes.  Nos. 
I.  and  11,  are  of  different  degrees  of  rapidity,  the 

first  yielding  a  material  suitable  for  landscapes, 


Tbo  numbers  jwi  given  will  be  fouad  oon-  1  whoa  no  great  rapidity  is  required :  the  second 
▼eoleoi  for  •  begmner  mftking  an  enwlBiQn  for  I  deals  with  an  emulsion  of  greftter  aendtiveness. 


Tabu  ov  Vaxsovb  OsLATiHO-BBOMma  Emvlbkmm. 


n. 


ni. 


V. 


VI. 


I  Silver  nitrate  . 
jDiataied  wmter  . 


200  grains 
Soonoea 


Ammonia  (-880) 


Ammoniuin  iodide 
/Ammonium  bromide 
(Potaasinm  bromide 

«)/ Gelatin  (Nelson's 

f\       No,  I) 

I    HTdzoobkirio  aeid 
I       (1  p.c.  sol.) 

j    vDistUled  water  . 

jPotaasinra  iodide 

^  t  Distilled  water. 

1'  French  celatin  . 
Hard  gelatin 
Water 

j  Methyl.ited  spirit 
K^Salioylio  acid  . 


.  I  160  grains 
^  I  40  grains 

\ 


200  grains  i  400  grains  200  grains  330  grains  462  grains 
3oanoes  I  7otmoea  I  Sounoea  Soonoes 


166  grains 
30  grains 


200  mins.  !  — 


Istiffieient 
to  dis- 
aolveptpt. 

24  grains  — 
280  grains  J 120  grains  2U0  grains,  — 

—  STOgiajna 


lOounoee  | 

sufSciont 
—      jj  to  dis« 
j^aolveppt. 


80  graina 


aOgvaina 


218  gcaina !  016  grains 


I 


2^  ounctis 

ISgEaina 
^ounoe 

300  grains 
4  onnoea 


2^  ounces   5|  ounces    4  ounces     3  ouuccs    10  ouuoei> 

6  grains 
i  ounce 


250  grains 
3  onnoea 


—  218_ 

200  grains  — > 

—  1  3 


2^  ounCTO  — 
25  grains 


1 


Vbr  more  detafled  mfonnation  r^arding  the 

manufacture,  ripc^ning.  &c.,  of  gelatin  cniuLsintit' 
the  various  text«booLi  on  photography  must  be 
consulted. 

For  coating  ordinary-sized  plates  with  emul- 
sion on  a  smM  scale  the  following  method  may 
baemplt>ycd.  The  plate  must  bt;  laid  on  a  very 
accurately-levelled  stand  or  tripod.  A  quantity 
of  emulsion  sufficient  to  cover  nearly  half  the 
plate  is  poured  on  the  middle  of  it  :  a  glass  rod 
about  2  ins.  longer  than  the  width  of  the  plate 
is  then  grasped  fat  www  the  fingeia  and  thtimlia 
of  both  hari'ls,  dlpiv  across  the  plate,  nito  the 
middle  of  the  pool  of  emulsion,  and  steadily 
moved  ftrattooneendand  then  to  the  other  of  the 
plate.  By  a  motion  of  the  finger  and  thumb 
the  rod  can  be  raiaed  a  slight  distance  from  the 
plate,  so  as  to  allow  Hne  emulsion  to  coat 
smoothly,  and,  hj  reeting  the  tips  of  the  finger 
and  thumb  tipon  tlie  levelled  slab,  a  guiding 
motion  may  be  given  to  the  Tf><l.  In  the  large 
manufactories  many  mechanical  arrangements 
ava  employed  to  facilitate  rapid  coating  of  tiie 
platf -J. 

Wbon  the  emulsion  is  thoronghly  set  on  the 
platos,  they  are  removed  from  the  level  dab  to  a 
8uitablo  rack  to  undergo  a  thorough  drying  pro- 
cess. This  is  most  conveniently  done  in  a 
apcciali y-constructcd  drying-box  with  a  current 
ol  air  artifioiaJhr  heated  from  the  outside  passii^ 
tfarongh  it.  The  artifieial  heating  of  the  air  ia 
riT.rif  r  r  s  ,ir\  if  the  air-pasHAges  are  auffioiently 
large  and  pn>ix  r!y  arranged. 

The  plat<  s  \v  ill  take  from  12  to  48  hours 
ti>  'Irv,  according  to  circunr'tanccs,  and  may 
then  be-  packed  until  required  for  use. 


I  Oriho '  ckttmaHe  photography.  On  com- 
paring the  curves  inifieating  the  intensities'  of 
I  the  visual  and  the  photographed  spectrum,  it  will 
I  be  at  once  observed  that  very  little  relation  eziata 
hotwoen  tbom,  the  visual  intensity  being  grratest 
about  the  points  D  and  C,  ami  tlie  photographic 
intensity  about  the  point  G  in  tlio  spectrum, 
ffcadually  diminishing  to  the  pointa  marked 
F  and  E  |Fig.  6). 

The  ooject  of  ortho- chromatic  photography  is 
by  the  use  of  certain  dyes  introauoed  into  the 
sensitive  material  to  bring  the  vteual  md  the 
pliotois^phic  intensity  ns  much  into  harmony 
as  jxissible.  This  uni^n  may  be  partiallj 
brought  about  l>y  ihe  introduction  mto  tba 
photographic  fdnt  of  riulistnncefl  such  as  eOBin, 
crj^hrosin,  rose  of  JBcngal,  c\  anin,  &,c. 

The  most  important  work  in  the  dweoHon  of 
ortho-chromatic  photography  has  been  carried 
out  by  Bcc(]uerel,  Eder,  and  Vogel  on  the  con- 
tincnt :  Cfiry  L<  ii  in  America,  and  by  Abney, 
Waterhouse,  and  G.  H.  Bothamley  in  this 
country.  The  dyea  are  now  generally  ineorj>or- 
atcd  with  the  '^rnr^iti rc  film,  hut  may  also  be 
used  in  the  form  (it  screens  placed  in  close 
juxtaposition  t<j  the  plate. 

The  amount  of  dye  employed  must  l>e 
small,  as  the  effect  is  destroyed  by  large 
quantities.  When  mixed  with  the  eniuLsion  it 
is  generally  found  best  to  employ  about  15-30 
min.  for  every  600  o.o.  of  emulsion  ;  but  when 
the  sensitive  plate  is  dipi>cd  in  the  ilyc  solution 
of  !  part  of  dyo  in  20,000  of  water  is  autfioient. 

Orthochromatic  plates  may  be  dinded  into 

(1)  those  sensitive  to  Wv-  -jvon  and  yellow  ra^'S, 

(2)  to  orange  and  red  ruy^:,  and  (3)  to  the  entire 
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■peolnnn  (puMdnomtio).  Thcro  are  many 
sensitive  stibstnnccs  employod,  but  the  folio wng 
tabic  shows  some  of  those  most  commonly 
lued 


II 


'Erylhrosiii 

ICyanini'    blue  (ethyl 
cvaniiie  or  pfoftcraQoI) 

Aura<iue  . 

f  AmmoDte  (0*680) 

\  Water 


(a)  is  suitable  for  the  grccii  vfllow  region, 
and  if  the  plate  be  ooated  with  the  aenoitiser 
by  (lipping,  it  alkonld  be  lued  irithin  a  few 
(I  lys.  [fi]  i.H  for  the  rod  r<-'<_;i<>ii.  The.-c  plutea 
from  their  seasiti¥ones8  must  he  prepared 
prMtioftlly  in  the  dark,  (e)  is  for  green  and 
blue-green  rays.  The  auracine  is  dissolvt*!  in 
boiling  M'ater.  tilu-rcd,  and  the  ammonia  added 
to  the  oooled  solution.  Thia  solution  reduces 
the  speed  of  the  plate. 

For  panchromatic  plates  the  two  following 
solutions  may  be  n  i  I  :  [tl)  alcoholic  solution  of 
piiiachrome  (1 ;  lOOUj ;  ammouia  (O-SSO)^  5 
vein,  t  water.  1  os. ;  (e)  akoholie  lolntion  of 
homocol  (1 : 1000} ;  ammonia,  10  mia. ;  water, 
1  oz. 

special  care  must  be  taken  in  preparing  these 
plate<«,  which  Hhould  be  dtme  BOmewhat  qoiokly, 

and  in  the  dark. 

Many  other  sen.sitistTH  may  be  used,  of  which 
the  foUowing  are  instanoes.  For  blue-gteea 
and  aoridine  orange  without  aniTnonfa. 

For  L'rci  n  and  yellow  (Ijiil  not  n-d)  (■r\ lliri)sin 
as*abovo.  Green,  yellow  und  n  d,  oiLliochromc, 
pinaverdol,  pinaohiome  or  homocol.  Extreme 
visible  rod,  pinnfynnol.    Infra-red,  dio\  luiinc. 

The  foUowing  eurves.  taken  from  liolham- 
ley's  papeis  on  this  subjeot.  show  the  inereiieed 
semltiveness  produced  by  some  of  theao  dyes 
in  the  portion  of  the  speotmm  lying  between 
AandB:— 

XMLH    O      V*I>  OBA 


partial  senaitiveoMS;  and  (b)  a  panchromatic 
plate  with  the  aensitiToneM  eKteoding  into  the 
rod  rays. 


Spec f rum  of  /^ochf  -mfaOc  P/^te 
Fio.  7(o). 


II 


UI 


iv 


V. 


IV. 


G  elatiuu- bromide 
undyed. 

Animonlatsd 


Fio.  0. 


Amnioriiai:ul 
erythnwln. 


Amnioiiiftcftl 
roAc  Bengal. 

A  Ammouiaoal 
oyanine. 


The  foUowing  diagianu  iudioale  the  increased 
aeneitiveneas  of  w  ^  iaoehloQiatio  plate  ahowtng 


Spectrum  of  Panchromaftc  SVoie 
£io.  7(6). 

The  chief  use  for  plates  so  sensitiMcd  will  be 
ffMtnr!  in  the  copying  of  pictures,  flowers,  or 
distin<  t  patterns  of  different  ooloonu  where  as 

much  hiinnony  as  ]M).H-ih!r  is  rrquin-d  lx„-(uron 
the  visual  and  pliotographic  e^cct,  but  they  will 
also  prove  useful  in  harmoniainir  oonWasta 
somclin^f'x  ff>nitd  in  jxirtraiture. 

ln>r  d''t  iil(Ml  iufurmatit)n  on  ortho-chromatic 
photograt>hy  s^iccial  papers  Xldating  to  the 
•ubjeot  should  be  oonsnlted. 

BBVUionmiT  or  Bby  Flaibs. 

The  developintnt  of  dry  plates  pniduced 
either  by  ouUodion  or  gelatin  emulsion  is 
carried  out  either  by  iron-ealte— eneh  as  femnn 

oxalate  or  frrroiH  citro  oxalntc — or  by  what 
is  termed  '  alkaline  development,'  in  which 
pyrogallol,  hydroqninone,  amidol,  or  some  other 
organic-reducing  agent,  a«s<:K'iate<l  with  the 
bromides  of  pota^isium  or  ammonium  as  retarders, 
and  with  ammonia,  or  the  carbonates  of  r-otas- 
sium  or  sodium,  as  aooelerators  of  the  reducing 
action. 

Dcvelopnuni  toith  fi  rrous  oxalaf' .  This 
method  is  simple  for  oitiinarv  dry  plates,  and 
may  lie  employed  for  negatives  on  paper,  or 
eidargement*  f>n  etdatino-hrnniide  paper,  but 
it  <loe^  not  pernut  correction  of  inaccurate 
exposure  to  8uch  an  extent  as  the  pjTo-dc- 
veloper.  The  ferrous  oxalate  developer  may  be 
prepared  by  abiding  1  volume  of  a  saturated 
ferrous  sulphatf  solution  to  4  volumes  of  a 
saturated  solution  of  uotassium  oxalate.  Such 
solutions  are  obtained  by  dissolving  4  os.  of 
neutral  jx>tissiuni  oxalate  and  6  oz.  ferrous 
sulphate  scpsinilt  ly.  each  in  10  oz.  ot  water. 
A  ttolutiun  of  |^itas«ijum  bromide,  containing 
20  grw.  bromi'l  ■  fo  the  oz.  of  water,  .should  also 
l>u  made^  of  tliipi,  alK)Ut  4  drops  .should  be  taken 
for  every  21  oz.  of  dev('l<>|K'r.  The  ffrn>iis 
oxalate  developer  is  spcciaUy  applicable  in  the 
development  of  transparencies  or  positives 
made  with  gidat ino-chloridc  or  col lod  io  rh lor iodo 
emulsions.  It  however,  generally  found 
better  for  this  last-named  emulsion  to  erofdoy 
a  fprrou^-ritro-oxnlntf.  f>r  ffrron<3  oitratr  dr- 
vclojXT,  witli  which.  i)v  vai  viii^i  lh<'  amount  ui 
the  iiocelerator.  graduated  U>uf^  may  lie  given  to 
the  transparency.  The  qunntities  given  in  the 
Following  table  may  be  regarded  good  standard 
quantities  to  be  seleoted  from 
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For  Trangpannek*. 


I  Votnr-^uim  oxalate 
I.  '  Amiiiumum  chloride 
i  Citric  acid 
V  Water 
Ferrous  gulpbatv 

(Sulphuric  aieid  . 
dtrio  acid 
Alom 
Water 


20  «>z. 
5  oz. 
30  mni. 


20  OB. 


t 


2  oz. 
40  grs. 

20  oz. 
240  grs- 

12u  gra 
120  grs. 
16  OB. 


the  developer ;  IL  the  accelerator ;  and  UL  the 
f«6tT«in«r,  to  m  uaed  if  required  in  over-enomve. 

The  f(jll(.witig  (levflopers  with  pyrogallol  are 

StrcQ  as  types  of  the  two  and  three  solution 
OTOlopCCB. 


I. 


With  («)  mix  1  oz.  of  I.  with  3-4  oz.  of  IL, 
pouring  II.  into  I.  To  obtain  blaok  tones  with 
(6)  nm  equal  jtroportioiw  of  L  and  IL  The 
soluiion-.  whiTi  mixed  may  be  used  for  nwral 

platens  in  successiun. 

Devdopment  by  fcsrroiw  oxalate  or  htnmh 

citro-oxalate  is  simpler  than  with  alkaline  p\  ro- 
gailate,  but  greater  attention  vaunt  be  paid 
to  theeniMiuo,  aa  tiicro  in  leaa  pomr  of  ivorldng 
up  an  tmder-exposed  pUte. 

Aihdine  (Umioprntnl. — In  this  development 
the  pyrogallol  gives  density,  tlu' 
mide  is  supposed  to  act  as  a  reetrainer*  and 
the  ammonia  or  alkalhie  earbonate  a«  an  aooele- 
rator.  The  (u  r<>::.»Il(>l  /nny  !«•  ki  |.t  in  flif 
dry  condition  and  added  to  tile  tleveloper  when 
required,  but  it  la  customary  to  keep  all  the 
suKstances  «^  separate  j^fnck  solutions.  For 
jKTfect  work  J I  iji  iht-ix  toi  c  Ijctter  to  keep  the 
three  ingrc<licnt^  separate,  but  the  stook  solu- 
tiona  may  be  redumi  to  two  in  number,  and 
oven  a  single  stock  solution  may  be  nscd.  In 
thl^  latter  i.M-r,  hoxM  vi  r.  thf  operator  has  not  so 
much  control  over  the  retardation  or  aooekiratiun 
of  the  dcvebpment  in  oaaet  of  ineorreet  ex- 
pi'.  tirr.  The  amotmt  of  p>Togallol  generally  era- 

Sloye<l  vane?  from  between  I  Krain  to  6  grains  per 
nid  ounce  of  devebper.  and  full  details  of  the 
oorrect  quantities  are  almost  universally  ^iven 
with  the  plateH  supplied  by  the  different  iuaker.«. 

JJr.ryU/pi  nq  Aolvlion*  for  (icUitiiio-hromidc 
platfii.  The  following  may  be  taken  as  instances 
of  standard  forms  of  deTeiopeni.  The  solutions 
sh'  iiM  preferably  bf  k(  p(  -,i  |iar.if r.  .it  least  the 
or^ajuc  developer  shoul<i,uot  be  mixed  with  the 


IL 


in. 


• 

h 

/  -r\  111 

PvTOgallol 

1  oz. 

\  oz. 

\itrit-  acid  . 

M  9 

9  min* 

Citho  aotd 

40  pr.s. 

Water 

1\  oz. 

SO  OS. 

/  A  m  moo  ia  solution 

/  (0-880) 

1  oz. 

1 8o<lium  8ulphit«  . 

2|os. 

\8mliuni  carliuiuite 

20S. 

l'uLii«»i?iuiu  bruiiiidu  . 

120 grs. 

VWater 

7  OS. 

20  oz. 

/Potaaaiam  bromide  . 

iOB, 

tWater     .       .       .  ' 

20K. 

•iwUi  titt  required  lor  use.  1.  may  be  twmed  I  pnctioo. 

9^aUe     soflie  «/  <le  Oommoii  Devdopen. 


(a)  In  8epArate  bottle>4  lake  i  ^>art  of  Ho.  I. 
and  of  No.  II.,  and  to  eac-h  aild  lOpartaof  water. 
These  should  bo  mixed  just  before  use.  To 
develop  when  the  exposure  is  correct  take  equal 
soluble  bro-  j  part^  of  the  dilute<l  solutions. 

iP)  Mix  equal  parts  of  Hob.  I.  and  II.,  and 
add  10  min.  of  No.  III.  to  each  ounoe  cl  tin 
inixe.i  'trvrinyx-r.   Fur  instaatuieoiis  ozposnm 

2v'u.  111.  limy  be  omitteti. 

The  manipulation  required  in  dr>'  plate 
development  is  very  simple,  as  the  operation  is 
carrie<l  out  in  a  dish.  The  plate,  taken  from 
the  dark  slide,  is  laid  in  the  developing  dish  or 
tray  face  upwards,  and  if  ferrous  oxalate  or 
oitrato  be  vied  the  proper  quantity  may  at  onoo 
fl')\\i  <l  <)\tr  tiir  iilit<'.  alliiuiii^'  tin-  iicjuid  to 
run  gently  from  one  end  of  the  plate  to  the  other. 
A  gentle  rocking  motion  may  be  given  to  the 
dish  during  r  Iffpnifnt.  >o  an  to  ohnnir'"  the 
liquid  over  the  suriticc  ot  tlir  plate.  The  imago 
gradually  appi-am,  th<-  inu'h  lights  gaining  den- 
sity first.  Complete  development  may  be  recog- 
ni-K'd  bv  a  faint  imace  ap|x-aring  on  the  fwck  of 
the  IK  J  ttive.  or  l(K)king  through  the  negative  at 
the  nil  window  or  lamp,  when  the  plate  should 
show  n  very  eom|>lete  d<  ]xisition  of  silver  on  the 
liiL'h  lijlii-.  Till-  knowh'd^i-  of  thi  <  x.k  t  extent 
for  correct  development  can  only  be  obtained  by 


'L 


tVrogaUol         .  . 

Metoi        .        .  . 

Hvdniiliiiine      •  « 
I  Kikonogen        .  , 
'FotsBsiam  meta^bfsulphite 
,       ,.  liromide 
I  Sodium  .sulphite 
f  Citric  acid    »    .  . 

Bono  acid 

Water 


I  .  Sodium  oarbonato 
I    f    „  hydroxide 

Pota«wium  bromide 
II.       ,,  cirlxjnate 
I     ,  Ilo<linal 

[J^odiura  Kulphite 
'  'Water 

"voZTiv.— if. 


65  grs. 
45grB. 


120  grs, 
20  grs. 


20  oz. 
4oB. 


UOgrs. 
8gm. 
80  grs. 


10  grs. 
20  oz. 

I  oz. 


40  gr«. 
120  grn. 

I  1  oz. 
>  20  grp. 

I     20  oz. 

«iO  grs. 
30  gnu 

OgBR. 


2U  oz. 


1  oz. 

20  oz. 


-1  I 


20  oz. 


120  gm. 


tK)  grs. 
1  oz. 
ff  grs. 

20'oB. 


2oz. 
1  oz. 

20  oz. 
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In  mftoj  OMM  the  oiganio  devebper  imd  the  i  ono  solution.  The  loUowiug  may  be  taken 
ftlkaBae  aooelnator  nwy  be  tnixBd  togetlMir  in  j  typioal  developen  of  this  4>uiw : — 


• 

0 

4 

/ 

120  gr. 

160  gr. 

= 

60  gr. 

65  gr. 
Udr.fl. 

— 

18  gr. 

240  gr. 
480  gr. 

240  gr. 
800  gr. 

720  gr. 
360  gr. 

l«IOgr. 

840  gr. 
OOOgr. 

b  gr. 

360  gr. 
4fl0gr. 

10  ox. 

10  oz. 

10  OS. 

H 

10  OS. 

10  OS. 

10  OS. 

Eikinogen  . 

Glycio 

Hydroquinone 
Formalin     .       .  * 
^  Metol  .... 

'"[7).  AtninophfiKjl 
■  i  Sudium  carlx>nat«  . 
«       .,      Bulphito  . 
B  PotaAsium  uarbonato 
%        .,  bromide 
S  metalnflilpbite 
•^iWater. 


e«  O 


—       480  gr. 


1440  gr. 
10  ox. 


As  a  rule  these  developers  ubould  Ik?  diluted 
with  an  equal  quantity  uf  water  immediately 
before  developing,  ^^'ith  developer  (e)  for 
portraiU  take  «qual  parts  of  titock  solutiuu  and 
wftter  {  for  laaditcapes  1  p«rt  of  ttook  to  2  of 
mter. 

The  i^yoin  developer  (6)  ia  a  slow  developer, 
but  particularly  saitxble  for  'stand  develop- 
meut.* 

In  oommeneini^  the  development  of  a  plate 

it  is  better  to  begin  with  a  less  quantity  of  th* 
accelerator  than  the  full  amount  stated,  and 
grsdiixOy  add  the  remainder  as  development 
•dvanceti. 

The  darkcuiug  of  tlie  film  when  tlie  alkaUiio 
pyrogallol  developer  ia  u.sed  must  not  be  allowed 
to  go  on  ao  long  as  with  the  ferroua  oxalate 
developer.   In  the  former  oaae  the  image  ia  of  a 

>li_'htly  yellow  tinge,  and  consequently  of  a  more 
nou-actiuio  nature  than  that  formed  b^  the 
oxalate.  As  has  been  already  stated  it  is  not 
ahsoliitf^Iv  n*  ( f\-:;nry  tliat  three  separate  .-■» 'Ititions 
be  kept,  i)ut  liii^  cour.-.e  is  better  so  as  to  laeihtatc 
the  retardation  of  development  on  over-exposure, 
or  its  acceleration  on  under-exposure.  If  proper 
exjiovurc  ha.s  been  given  the  image  will  appear 
in  iilniut  one  minute,  and  gradually  gain  in 
atteugth.  When  all  the  detaila  are  viaible,  and 
the  development  apparently  stops,  a  few  more 
drops  «">r  t!n  K  r.  Irr  itor  mnv  be  ])ourc*d  iiitri  the 
developing  cup,  tin-  ili  s ,  luper  mixetl  with  it.  and 
again  llowod  over  ili-  jil  ite.  This  fresh  addition 
of  the  alkali  rapidly  produces  increase  of  <len«i(  \ . 
When  the  development  iM  deemed  complete,  w.i.sh 
thoroughly  in  a  gentle  utivftni  of  \s,iti  r  from  the 
rose-tap  and  place  in  the  fixing- bath,  unless  it 
be  deemed  neepflsary  to  mak  the  plate  in  an 
alum  solution  to  prevent  fnlling. 

For  the  .Hpcciai  devvlupmunt  of  dry  platea  for 
tratwpareneire,  or  (dldcs  to  be  used  in  the  lan- 
ti  rti,  t!\'  <h  /'-lopers  ^.'iv'  11  in  tlic  fuljiMvite.'  tuble 
will  tx!  luuiid  u,ielul,  hikI  Will  L'ive  dillereiil  tones 
to  the  trau.^parenciee  : — 
Pyro  unf{  Ammonia  Developer  /or  Ifom  Toncji. 

j  PyroL'allol     .        .        .        .    \  oz. 

I  Sodium  sulphite     .       .       .   4  ox. 
L  I  Citric  acid      .        .        .        .      ]  oz. 

I  Water  .        .        .        .        .  1  ti  oz. 

I  Ammonium  bromide      .       .    1  ox. 

XL  ' Liquor  arntuonia  (0*880)  .        .    .">^  dr. 
jWaier-ipto.        .       .       .10  oz. 


For  use  mix  1  part  of  No.  I.  with  3  parts  of 
No.  IL  and  dilute  to  double  the  quantity  with 
water.   The  mixed  developer  may  be  used  for 

several  plates. 

Developer*  for  Black  Times. 


Hydroquinone 
Aioidol 

Sodium  carbonate 

M  sulphite 
Potasaiiiiii  eacboaate 
bromide 

I  Water 


60gts. 

4  ox. 
2os. 
2oB. 
40grB. 
ox. 


SOgrs. 

2  OS. 

I  oz. 
12  ox. 


These  devefepers  may  be  used  for  several 

plates,  and  will  koi^p  irood  fnr  some  time.  In 
almost  ail  cases  it  M'lii  be  found  best  to  use  the 
ilcveloper  which  is  generally  deeoribed  on  U&« 
bo\  of  the  8pe«ia]  plate  used. 

Many  operators  now  prefer  a  ilxod  time 
development  during  which  the  plate  if  properly 
exposed  need  not  bo  examined.  Ihis  ia  oatiied 
out  in  a  dosed  box  or  tank,  of  which  many 
forms  are  e>n  the  marki  t.  Tables  are  als  t  ;:iven 
by  which  the  time  necessary  for  ditiereat 
developers  may  be  ealeulated. 

fnti  n.'iijioiticm  and  ri  dnriion  of  dry-plaU 
ne<jalivc4.  If  pro|)er  expo&uro  bo  given  to  the 
plate  the  process  of  development  by  the  ferrous 
sjdt  f)i  by  pj'rogallol  will  always  yield  Huf)i- 
cieut  printing  density.  Both  under-  or  over- 
exposure, however,  will  yield  an  image  far  too 
thin  to  give  a  vigorous  and  brilliant  print.  This 
deBcientsy  may  be  remedied  to  a  certain  extent 
by  thi'  priH'o.ss  uf  inteiHifiratiiui  ;  I>vi(  if  must  be 
understood  that  the  resiUts,  when  such  a  procoaa 
has  to  be  employed,  are  never  so  brilliaat  aa 
with  a  properly-exposed  and  properiy-developMl 
negative. 

Several  methods  are  in  general  use  for  tha 

intensification  of  dry  plates,  one  of  the  most 
usual  being  that  in  which  the  action  is  carried 
out  by  a  niereury  salt  and  ammonia.  In  dry 
plate  work  the  process  of  intensification  is  almost 
invariably  carried  out  after  fi:ring.  For  this 
purp(»se  it  i-  11- '-•-sary  (!i.it  ffie  l  ist  traces  of 
.  tiioUium  thiobuiphute  should  bo  removed  from 
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the  negative  by  thorough  washiriLr.  Sli  ulil  it 
be  naoMBary  to  take  still  farther  precautions  for 
die  resBoral  of  file  last  traoes  oi  tUoenlphate, 
the  npgative  should  be  8oake<l  in  a  saturated 
8<jiutiua  of  alum  oontaining  3  grains  of  citric 
acid  to  the  eiuiee  el  eollition,  or  in  a  solution 
of  hydmpen  peroxide  containing  1  dn^hm  of 
*  hydrogen  peroxide  solution  '  to  5  oz.  of  water. 
The  plate  may  be  soaked  in  these  from  10  to  30 
minutes,  and  again  washed  before  intensification. 

To  intensify,  first  thoroughly  soak  the  plate 
in  water  to  soften  the  film,  then  plaie  in  the 
following  solution,  preferably  in  a  black  vulcanite 
dish: — 

I. 

Merooxio  ohkiide  .  SOOgn. 

Anunoomiii  olilotide  900  see* 

^Vater  .  lOet. 

The  plate  rapidly  undtTgoes  n  proeoHs  of 
bleaching,  and  when  the  tiliu  is  bleached 
throughout  it  is  removod  from  the  solution  uni 
thoronghly  washed  under  the  tap.  The  washing 
in  this  case  must  be  most  thorough.  After  this 
w  i>hing  the  plate  ii  flooded  iHth  »  lolntioD  of 
ammonia : 


n. 


Water 


1  part 

.  10  parts 

in  this  solution  the  plate  rapidly  assumes 
density,  becoming  changed  first  to  a  iteh  non- 

a  ttnic  brr.wn.  and  finally  to  black,  according  to 
the  length  of  time  it  has  been  left  in  the  mercury 
bath. 

The  plate  may  also  be  intensified  by  one  or 
other  of  the  following  solutions : — 


Sodium  nulphite 


UnMifann  sMiate 
Potaulom  ferrl- 

(qraaids 
Aostle  add 

(riscM) 
Wuer 


Ipart      —  — 

  ordinary  — 

developer 

^    'ordinary'  — 

develoier 

lliart 


! 


epsrts     —  — 


1  .. 
10  parts 

100  ., 


(a),  (6),  and  (c)  are  to  be  used  after  the 
negative  has  been  bleaohed  by  the  mercnrie 

chlorido  solution  ;  (-/)  is  nn  intensitier  by  itself. 

In  all  cases  the  plates  should  be  well  washed 
between  the  apjdiration  of  solntions  I.  and  II. 
and  after  intensification  ;  tln-v  may  also  be 
placed  in  the  fixing  bath  again  for  a  minute 
or  two  with  advantage,  and  then  finally  washed. 

Rftluring  negativrs.  Should  the  negative 
after  development  and  fixin;^  appear  too  dense 
for  printing  purposes,  (umi  nfttxi  lollowingooacses 
of  treatment  wUl  cause  its  reduction  : — 

(1)  So^  the  plate  carefully  in  sodhim 
thicwulphate  Solution  (2  oz.  to  1  \nnt)  to  Mhi(h 
has  been  added  (ratassium  ferrii  yanide  butlKii-nt 
to  give  it  a  yellow  colour.  The  redaction  in  this 
(  i,<e  takes  place  \vith  cori-iilerable  rapidity,  an<l 
a  streuni  of  water  or  a  \«a8hing  diah  Hhuuld  be 
hstndy  for  inunersion  of  the  negative  to  check 
tfOij  rapid  reduction. 

(2)  Immerse  the  moist  negative  in  one  of  the 
toOowlag  nlvtiont 


■ 

a 

b 

e 

I  <  H  ti-^    1  UJ II  I*  lllu  UAUIttiV 

1  (in  trr% 

ouuiuuj  t^ujpiuiu  . 

»o  ,> 

Oi^ilUllJ   til lil i^lltal V  ■ 

It  nc 

Anuiionlum  persulphate 

15  gn. 

— 

Puta-'^aiuixi  pennanKanato 

ldr.ll. 

(10  p.c,  solution) 

Potassium  dlchromate 

100  Kra. 

Sulphurii-  aeld  (10  px. 

solution) .  . 

SdrJl. 

Tdr.fl. 

Water 

7^. 

I'm. 

10  OC 

Mas. 

Fixing  the  negative.  This  operation  is 
practically  the  same  for  dry  plates  as  has  already 
been  described  for  wet  plates,  except  that  sodium 
thiosnlphaie  is  always  employed  and  not  potas- 
sium cyanide.  The  usual  strength  of  the  solu- 
tion is  4  ox.  of  thiosttlphate  to  1  pint  of  water, 
but  this  may  be  varfed  seoording  to  the  ex> 
perienco  of  the  operator. 

Transparencies.  When  u  positive  picture  is 
required  for  enlargenient,  or  for  showing  oo  a 
screen  to  an  audience,  it  is  found  more  con- 
venient to  employ  an  emulsion  of  gelatin  and 
silver  chloride,  alone  or  a  mixture  of  the  silver 
chloride  and  bromide.  The  following  quantities 
may  be  taken  as  giving  emulsions  sm table  for 
this  purpoae 


Gelatin  (Nelson  No.  1) . 
'Ammomnm  bromide 
Ammonium  cMorido 

Sodium  chl'iride  .  . 
Shrdrochloric  acid 
^Water 
Silver  nitrate 
Hard  emulsion  gelatin  . 


A 


B 

C 


300  gn. 

100  gn. 

lOm. 

240  grs. 


n. 

!*0  iijs. 
210  gn. 

liOgn. 
g  nun* 

10  OB. 

400  grs. 
400  grs. 


In  No.  1  allow  the  gdatin  to  aoHm  and  swdl 

in  the  water  ;  then  place  all  three  vepi'els  in  ft 
water-bath  at  a  temperature  of  120'F.  (49*'C). 
When  the  gelat  in  is  melted  add  the  silver  aoihi- 
tion  to  it,  and  then  ^tir  in  the  ammonium 
chloride  solution.  Allow  the  emulsion  to  ripen 
at  that  temperature  for  an  hour,  and  pour  out 
into  a  dish  for  setting.  The  details  of  washing, 
costing,  and  drying  the  plates,  are  the  same  as 
for  the  bromide  emulsions  already  described. 

As  the  film  left  bv  gelatino-chlorido  plates 
aft«r  development  and  fixing  is  extremely  dear 
in  the  liijh  liirht-*,  it  i«  necessary  for  thc^e  plates 
to  employ  «^la&s  perfectly  free  ifrom  flaws  or  air 
bubbles. 

Gelatine-chloride  plates  are  less  sensitive  to 
light  than  the  bromide  plates,  so  that  for  contact 
tran*<parencies  from  well-defined  negatives,  the 
exposures  are  proportionately  longer. 

These  plates  nay  be  developed  by  ferrous 
oxalate,  or  by  the  mixtoroof  f<  rr((ns  oxalate  and 
citrate  previously  mentioned,  or  by  the  hydro- 
quinone  developer. 

(Jelntino  broinide  plates  also  yield  c"  o(l  trans* 
parencies,  but  if  they  an-  u*ied  for  liii-*  purpose 
a  fairly  strong  p\To -developer  should  bo  taken 
and  the  development  carried  out  quickly. 

Transparencies  are  now  cnmroonly  ma«Ie  by 
sensitive  carbon  tissue  {v.  Curbon  procissnt). 
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Forraulio  useful  in  the  development  of 
transparencies  are  described  under  ihe  develop- 
ment of  gelatin-plates. 

Ntgalivta  on  fwper  or  edbdo^  films.  In  the 
«ftrliest  form  of  negative— that  introdaond  by 
Fnx  Talbot— tht»  material  emploxfd  as  the 
sutSstratum  for  the  sensitive  film  was  paper 
instead  of  g^aaa.  Although  the  employment  of 
glatiH  as  a  support  to  the  sensitive  film  becnim.- 
generally  atlopted  when  the  coUo(iion  process  was 
peifeotod  by  Archer  in  1852,  paper  and  particn* 
larly  celluloid  material  have  again  come  into  use. 
This  reintroduction  of  paper  as  a  basis  for  the 
sensitive  fUm  is  due  in  a  great  mea.sure  to 
Meaara.  Woodbury  and  Wamerke,  who  have 
acted  as  ploneen  in  tfaia*  and  in  tba  design  of 
apparatus  necessary  for  the  manipulation  of 
mch  ooated  suHaces. 

The  detaOs  of  coating  such  films  with  the 
emulsion  are  nearly  allied  to  those  of  coatni_ 
the  glas.«t  plate.  The  actual  difference  betvvi  i-n 
tile  two  nx'thods  consists  in  the  special  manner 
in  which  the  !=icnsitive  iilms  are  arranged  in  the 
camcni  for  exposure.  This  may  be  done  in  two 
wavH.  The  film,  if  sufBciontly  ri:;id,  may  1>.- 
cut  into  definite  sizes  the  same  as  the  gloss 
plates,  and  then  fixed  by  specially-mnwtraoted 
slip-  of  thin  woo;l  or  iiict.i!  in  the  onlinirv  rfirk 
Hli<l(*'»  ex^ictly  in  the  position  that  would  be  taken 
by  the  glns.s  plate.  Another  method  ia  to  sus- 
pc-nil  th  -  Konsitive  paper  in  a  continuous  roll  in 
wkal  i.*'  termed  a  roller  slide,  which  takes  the 
place  <if  the  dark  slide  containing  the  sensitive 
plate.  In  this  arrangement  the  continuous  slip 
may  he  rolled  off  from  one  spool  to  another 
across  the  camera,  a  mecK;>nii  ,il  i  licc  k  or  signal 
being  given  aa  soon  as  the  length  of  paper 
eorresponding  to  the  width  of  the  camera  has 
]):i-;<eil  ovi-r,  thus  placing  a  frf"<h  stirfjuc  in 
position  before  the  lens.  Tlfce  proce.'W  may  bo 
repeated  until  twelve  or  more  portions  ot  the 
continu<m3  film  have  been  exported.  The  film 
may  then  l>e  removed  from  the  dark  slide  for 
devt  L>>piii<mt,  and  another  roU  placed  on  the 
rollers  in  the  slide. 

The  development  of  anch  fllms  may  be 
carried  out  with  the  saim-  solutions  as  those 
employed  for  glasa-plate  development.  Should 
the  film  be  thick  enough  they  may  be  treated  as 
plr\<^  pl  if^-.  Imt  under  ordinary  cirr  umst  mces 
the  tilma  now  u-ncd  are  too  thin  for  such  treatment 
and  are  best  developed  ae  a  whole  film.  For 
this  purpose  the  film  may  be  attached  to  a 
roller  or  wheel  which  can  be  rotated  in  the 
dovclopor  ;  or  the  film  may  be  held  at  each  end 
by  the  hand  and  passed  through  the  developer 
backwards  and  forwards  with  the  sensitive  aide 
downward-s,  Ix-inj  Kept  down  in  thp  (l.  V(lo|„  r 
by  a  porcelain  bri'iuc  Htanding  in  the  devcluping 
dish.  Tt  will  be  found  advantiMi;eoas  to  soak 
the  p(ii)er  in  water  before  devi  1.  pment  ut»tii  all 
tendency  to  curl  up  haa  fUsapiiti  ucd.  Ilctnrda- 
tion  or  acceleration  of  the  development  may  lie 
done  in  the  same  manner  as  for  glass  plates. 

Variouf*  appliance,-*,  such  as  developing  tanks, 
have  Iwen  intrrxluccl  of  late  years  for  the 
development  both  of  plates  and  roller  iilms, 
which  have  removed  many  of  tho  diflficnlties 
o'  ;.iii  iii\  I  it-m  od  by  Iseginncra  in  the 
manipulation  of  tilins. 

Tneu!>c  of  bromide  emulsion  pa |>er  for  print- 
ing purposes  is  dealt  with  under  Siloer  prinUnj, 


Printing  on  paper  with  silver  salts  may  be 
arranged  under  the  f  olJouang  three  sections : — 

(1)  Printing  on  sensitised  albumen  paper  ; 

(2)  l*rinting  in  sunlight  with  gelatino  chloride 
emulsion  paper  (^ntin^  out  paper) : 

(8)  Printm^  m  artificial  lignt  with  gelatin 
bromide  emulsion,  and  afterwards  developing. 

The  paper  ft.iat'd  with  albumen  or  gelatin 
is  first  treated  with  a  solution  of  some  eolulile 
chloride,  such  as  ammonium  chloride,  so  that 
when  brought  in  coufart  with  a  solution  of 
silver  nitrate  its  surfai  e  may  be  seiiijiti*ed  with 
the  mixture  <i{  silver  chloride  and  free  silver 
nitrate.  In  the  a.  tion  of  the  light  through  the 
negative  upon  the  sensitive  paper  a  gradual 
darkening  takesi  place  during  the  decomposition 
of  the  chlorido  and  albuminate  of  silver,  and  a 
copy  or  poflitive  erf  the  negative  is  producetl,  the 
i lights  and  shades  of  the  oriirinal  objeet  iM  ing 
truly  represented.  In  ordiuary  silver  printing 
the  action  <rf  the  light  is  allowm  to  proceed  to 
such  a  length  as  t*)  pr«)duce  an  image  slightly 
darker  than  the  print  required,  as  the  operations 
<if  toning  and  fixing  have  a  tendency  to  weaken 
the  colour  of  the  print.  At  thp  present  time 
albumenised  paper  has  largely  been  replaced 
by  papers  coat«d  with  gelatin-chloride  emul- 
sions sold  by  makers  as  printing  out  pa[X!rs 
(P.O.P.).  As  albumenised  paper,  however,  is 
still  employed  in  nrtain  fuses,  and  as  the 
method  of  further  treatment  with  it  and  with 
P.O. P.  papers  is  very  simflar,  a  short  deaoriptioti 
is  given  of  its  preparation. 

As  the  colour  resulting  from  the  immediate 
action  of  a  fixing  agent  on  tho  silver  compounds 
is  a  disagreeable  re<l,  the  print  undergoes  tho 
process  of  toning,  whiuh  is  ©fleeted  by  immersing 
it  in  a  solution  of  gold,  containing  some  sub- 
stance capable  of  absorbing  the  chlorine  derived 
from  the  decomposition  of  the  sOver  sab- 
chloride  produced  by  tlio  action  of  the  light* 
After  sufnoient  tone  of  a  brown  or  purple  kind 
has  been  imparted  to  the  print,  the  nnacted-on 
silver  compound  is  removed  by  so<lium  thio- 
sulphate  in  the  asmo  way  aa  with  tho  wet 
plat^'. 

To  prepare  albumenised  paper,  coat  with  tile 

followiu;^  : — 

Albumen  (white  of  egg)  .  10  or. 

Ammonium  chloride     .  .  100  gT». 

Spirits  of  wine     .        .  .  i  oz. 

Water             .      .  8  os. 

Dissolve  tlie  rliloride  in  the  water  and  spirits 
of  wine,  then  add  the  white  of  e&S  solution,  with 
constant  riiakii^  for  about  hStt  an  hoar,  or, 

better  still,  bronk  np  the  ecllular  mrnihrane  1>v 
mechanical  sliniug.  Filter  through  a  sponge 
or  glas^  wool  into  a  flat  dish. 

Fr,r  plain  B;dted  paper  the  loUowiag  quanti- 
ties ni  IV  be  taken  :— 

a  b 

Ammuiiiuai  cldoride    .  30grs.G0gXB. 
Sodium  chloride  .       .    15  grs. 
Sodium  citrate    .       .    50  grs, 
Celatin      ...     5  gri».  5  grs. 
Distilled  water   .  5ob.  Sos. 

lM"oivr- th'' L;riaiin  in  tlic  water«  then  add 
the  otiicr  substances,  and  filter. 

To  coat  tho  paper  the  sheet  mnst  be  held 
carefully  by  two  comexs,  gentty  bent  back,  and 
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the  middle  uf  the  convex  side  of  the  sheet  lowered 
on  to  the  tiolution  in  tho  dinh.    After  2  t<)  ; 
3  minuteti  niae,  and  again  lowur,  to  avoid  air 
bllhhli-s.     Flout   on   t}ir   .solution  foT  2  to  6 
miuulue),  then  Hauy  up  tu  diy. 

To  smsitise  the  paper.  A  silver  solution, 
stronger  than  that  used  foe  sensitising  the  plate 
must  generally  be  employed.  The  fallowing 
give  varying  stmigiihs  lor  diSereot  oireum- 
etaooes : — 

Silver  nitrate  .  60  grs.  80  gn.  30fm> 
Water  (distilled)    1  os.     1  OB.    1  Oi. 

a  may  be  used  for  oirdinuy  cases,  h  where  the 

negative  is  w&ik,  and  c  where  the  light«  and 
shAdee  on  the  negative  ahow  great  contrast.  The 
■Uvngtlk  of  the  beth  beoomee  gradusDy  lowered, 
and  must  be  restored  from  time  to  time.  Only 
Qtrong  negativuii  i»hould  bo  printed  in  direct 
.  suuli^ht ;  all  other  cases  should  be  exposed  only  ^ 
u>  (lirtubed  dayli^lit  fir  covered  Nvith  tissue  psper  ' 
or  gruuad  gk^ss  duiiug  printing. 

Tonintj,  To  obviate  the  rod  colour  of  the 
printed  image»  it  as  immersed  in  a  neutral 
solution  of  gaid  oontuning  certain  mefaUlic 
salt.a.  The  following  are  some  sdected  tonbg 
baths : — 


QoM  chloride 
Sodtmn  acetate  . 

„  bicarljonate 
bilxirate 
(tmriix) 


I  I 

1  gr.    1  gr.    1  fff. "  1  gr.  ,  1  j;r. 

SOfcrs.    _       _      —  — 

—  '20s?r*.    —    '    —    '  — 

—  ,    —     ;i(itrrs.  — 

—  .  —  ^  —    -Man.  — 

-  tungBtate  |  —  1  —  ,  —  ,  —  kogrs. 
W«Mt       .      .  10«B.10osi.lOoss.lOov.lOan. 


a  is  a  good  bath  for  ordinary  use,  giving 
pinrple*brown  tones,  bnt  should  be  made  up 

12  hctirs  fx-fore  use  ;  fc,  c,  and  d  can  be  uaed 
shortly  iiit«r  making,  and  give  pun)lc  tones,  but 
do  not  keep  well;  e  gives  line  purjil(  -lir<i\m  tones, 
and  keeps  fairly  well  in  flu-  diitk.  These  solu- 
tions may  also  be  mudo  up  in  strong  solutions 
\i\  (li-:4olving  the  tube  of  15  gre.  of  gold  in  16  oz. 
oi  water,  and  adding  Uu)  proper  quantity  of 
alkaline  salt.  To  make  the  Mtli  for  immediate 
Mse  mix  I  part  ol  the  stoek  solvtion  with  10  os. 
ci  water. 

Hie  chemical  reactions  taldng  place  in  the 

firoces.s  of  toning  do  not  apponr  to  he  cnniplpx  in 
liujir  uiituri',  tko  tone  l»ciug  prutluujxl  by  a  fine 
film  of  gold,  reduced  from  a  neutral  solution  uf 
LTo'.il  chloride  (AuCl,),  or  of  the  double  salt 
^NaAuCl,,  2lijO),  upon  the  film  containing  the 
reduced  products  from  llio  silver  chloride  and 
albominate.  To  obtain  tho  beat  results  the  gold 
sahition  must  be  neutral  or  very  slightly 
alkaline. 

Fixing  the  prini.  This  is  done  by  immersing 
the  print,  after  toning,  in  a  solution  of  sodium 
thiopulphato,  4  oz.  in  20  oz.  of  water.  This 
strength  is  suitable  for  prints  from  strong  nega- 
Uvea,  ^t  where  the  print  is  weak  tho  fixing  hnth 
may  be  reduced  to  3  or  2  oz.  of  thioiiulphate  to 
tho  pint  of  water.  Before  fixing,  the  printfi 
Hhoid<l  be  iramrrsfil  in  water  contaiMiii'^  a  small 
quantity  of  sodium  carhonato  for  10  minutes, 
and  then  filaced  faoe  downwards  in  the  fixing 
bath.  Their  btiUiaaej  will  at  lint  dimhuafav  but 


will  to  a  certain  extent  hv.  restored  when  they 
are  finally  fixed  hiuI  dried.  The  printa  should 
remain  in  tho  hxing  bath  from  10  to  16  minutes, 
being  gently  mo\ ctl  about  to  prr\'«'nt  them  ntick- 
ing  tcjgether.  The  priuU  imint  be  washed  after 
fixing  for  at  least  24  hours  in  different  changes 
of  water,  or  for  0  in  running  water.  »• 

In  silver  printing  the  toning  bath  should  be 
neutral  or  .slightly  alkalim-,  and  not  t>elow  fiO*'F. 
Tho  prints  must  bo  printed  rather  darker  than 
finally  required,  and  tmMd  to  a  eheetnnt  brown, 
or  purple. 

Printing  with  gelatino-chloride  etnulitions. 
More  rapid  printing  may  be  effected  by  the  use  ol 
a  chJorirlr  cTuulision  on  paper,  as  tlic  copy  may 
either  be  piuitcd  tu  the  full  extcut  in  a  bright 
light,  or  the  image  if  imperfectly  printed  may 
be  fully  developwl  as  in  the  case  of  a  plate  or 
film  transparency.  The  following  gelatino* 
chloride  f^ffiiwliiHHiw  wUl  be  foood  oBenil  i6r  such 
papers. 


Gelatin  . 

AmniOOluni 

Alutii 

Kn<  heiie  yalt 

Water  . 

<\]\vj  nitrate 
Citric  acid 
Alcohol  . 


cbtorlde 


340  grs. 

i  Nelson 'sNo.l 
tOoisaet'a  . 

stkts. 

S:: 

11  ., 

•              a  • 

15  „ 

60  „ 

15  „ 

a              >  * 

61  us. 
115  „ 

76  „ 

* 

*              •  « 

C2 

■              *  ■ 

4dr«. 

1  OX. 

1              •  • 

&(». 

Bapid  printing  with  gehUino-hrontide  paper. 
Pftper  coated  with  gelatino*bromide  emuiaiun 
is  also  largely  used  for  printing  by  artificial 
light  and  for  purjx'sc-s  of  inlargin^^.  The 
matenala  and  details  for  coating  are  much  the 
same  as  described  for  the  manufaeturo  of 
plates  nr  films  on  ccll'ii  i  l. 

The  exposures  may  t.c  made  by  artificial  light. 
After  exposure  the  prints  may  under  general 
c(mdition«  Ik-  (levcIoi)ed,  if  necessary,  in< 
tensifit'd,  or  reducetl,  and  finally  fixed  by 
the  solutions  already  mentioned  for  bromide 
plates  or  tilras.  If  desired  they  may  be  toned 
bv  the  gold  or  platmum  solutions  a]i«ady  jriven 
under  Toniwi  fornmhe.  and  other  cf.lfiirs  may 
be  given  to  them  by  the  use  ol  certain  miltn. 
Thus  dark  browii  to  red  tones  may  be  obuined 
by  iisinp  copper  salt.s  :  tn^-n  tones  by  mixed 
vanadium  and  iron  4>a.llj, ;  and  blue  toiun  by 
iron  salts.  For  the  development  and  8ul»se- 
quent  treatment  it  is  best  to  use  the  Bpeoial 
formulas  generally  issued  by  the  makers  with 
tho  different  varieties  of  jiaj^^ra.  Should  a 
eombinetl  toning  and  fixing  bath  be  not  us«^ 
tho  prints,  after  toning,  must  he  fixed  m  the 
j  usual  \v;t\ . 

!      The  tone  of  these  prints  ia  distijictlv  neutral 
and  somewhat  like  platinum  print*.    The  priot 
'  niav  he  ohtairic.l  dull  by  allowing:  it  to  dry  on 
I  bioitmg  pax)er  after  tinal  \va=hiit<^,  with  the  sen- 
I  sitised  side  upwards,  or  it  may  be  obtained  with 
rt  L'lo^sy  apiK'arance  by  Ix'ing  •s(iuei  gc cd,'  face 
i  downwards,  on  a  glass  or  ferrotype  plate  and 
I  alloweil  to  dry  in  (hat  }><.  Ifion.    When  dry,  it 
may  be  stripp*  d  from  ofi  the  plate. 

The  pr  ill  ing,  like  that  with  albumeni?«cd 
|>a|KT,  Hhou!>l  I"  (iirried  slightly  further  than 
the  shade  finally  required,  a«  the  prinlti  diuiinitili 
in  intensity  durmg  toning  and  fixing  with  certain 
baths. 
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Some  Toning  Baths  for  Qdatino-ckloride  and 
Bromide  Papert, 


Gold  cliloridoX 
Pofa-'*'*i mil  i  lilo- 

roplatiiiulc  . 
Citric  ai'id 
Borax      .  . 
Solium  acetate 
Ammonium 

thiooyanate 
Alum  .  .  . 
Lead  nitrate  . 
Lead  acetate . 
BodJnm  thio- 

anlphate.  . 


2i  gm.  2*  grs.  5  gra. 


90  gni.  — 
90  grs  j  — 


90  grs. 


SO  OS. 


SOot. 


MO  git. 
85  en. 


20 


—      3i  Kf^. 


4  grs. 
46  gn. 


20( 


70  gr.J 


;  240  grt". 

70  fir?. 
I  00  grs. 
I  00  grs. 

S  OK. 

.  SOox. 


(c)  sliuulil  In-  luadc  up  eotne  time  before 
using,  and,  if  sodium  tuugstate  instead  of  aoeUte 
be  used,  givee  rich  ehestirat  ton«e.  (e)  b  a.  eom- 
bined  toning  and  fixing  hath. 

The  toning  niu«t  carnt>ci  further  than  in 
ordinary  printing,  ami  tlu-  printa  may  be  fixed 
with  thioHulphatc  directly  aflcr  toning,  without 
any  intermetiiHte  soaking  m  water.  In  all  silver 
printing  processes  care  should  be  taken  to 
thoroughly  remove  the  last  traces  of  the  fixmg 
ftgent,  and  the  prints  diould  invariably  be 
thoroughly  wtalied  before  drying  and  final 
mounting. 

Pbintino  in  Pi^tinum. 

FlaHnotype.  This  method  of  printing  was 
introduced  by  Air.  Willis.  It  may  be  divided  into 
throe  distinot  prooesBea.  In  the  first  the  paper  is 
aenaitjaed  with  a  mixture  of  ferric  oxalate  and  the 

platinum  salt,  and,  after  c.\j)ot,urf,  i.s  developed 
with  a  hot  solution  of  potussium  oxalate.  In  the 
Hecond  there  is  no  platinum  salt  on  the  paper, 
but  it  ia  coated  with  ferric  oxalate  containing 
a  Kiuali  quantity  of  mercuric  phloridc,  and, 
after  oxpobure,  is  develope<l  by  a  cold  solution 
of  potaaeium  oxalate  with  the  platinum  salt. 
Tha  tbird  process  differs  from  the  first  two 
in  Oontaining  both  the  bcnsitivo  material  and  the 
developer  on  the  paper  during  the  operation  of 
printing.  It  ia,  therefore,  like  silver  xvhiting,  a 
printin^^'-nut  process,  where  the  image  is  carried 
to  its  full  printing  density  during  its  expo.sure  to 
the  light,  the  pdnt  requiring  no  further  develop- 
ment after  exposure,  but  merely  flxing. 

In  these  processes  the  action  of  the  light 
effects  the  reduction  of  the  ferric  to  krruu.s 
oxalate  Fe^g04),=-Fe.(C|Oj,4-2CO..  leaving 
the  potaamim  onlorophtmate  unreduced  in 
the  film.  On  developing  the  partially  formed 
image,  however,  by  warm  potassium  oxalate  the 
ferrous  oxalate  beoomes  diaaolved  oat  of  the 
film,  and  at  the  moment  of  it.s  solution  reduces 
the  platinum  salt,  thus  uicreasing  the  image  by 
a  deposit  of  metallic  plationm 

sKgPtca^-i-eFeCjO, 

-=3Pt  -t-  2Fe,(CaO.),  -f  Fe,Cl,-|-  6Ka 
Priidiivj  with  hot  developer.  In  this  ease 
the  paper  is  coated  with  a  niixture  of  ferric  oxa- 
late and  potassium  platiiiuu.s  chloride.  An  there 
is  an  intimate  mixture  of  the  reduced  iron  salt 
with  the  platinum  salt  on  the  surface  ,,f  the 
print.  Vboi  thia  is  floated  on  a  warm  solution 
of  p<;tassium  oxalate  the  ferrous  t^alt  at  onoe 
undergoes  solution,  but  in  passing  into  solution 
It  reduces  the  platinum  salt»  and  a  deposit  of 


metallic  platinum  is  forme<l,  varying  with  the 
amount  of  ferric  oxalate  reduced,  wmdi  difiers 

according'  to  the  amount  of  action  of  the  lipl.t 
on  the  diiterent  parLs  of  Ihc  plate.  On  the  Ingh 
lights  the  ferric  oxalate  remains  unchanged,  and 
tlierefon-  no  reduction  of  platinum  will  take 
place  on  thcbc  during  dcveloi»ment. 

The  na|jer  may  Le  prcj)ared  by  brushing  it 
over  witn  a  sattiratod  solution  of  feme  oxalate^ 
oontaining  00  grs.  of  the  platinum  salt  to  the 
ounce  of  Hulution.  It  is  necessary  that  the  paper, 
after  it  is  coated,  ahould  be  kept  absolutely  dry  : 
this  is  best  effseted  by  storing  it  in  tin  boxes 
with  lumps  of  calcium  chloride  in  a  perforated 
chamber  at  one  end  of  the  tin.  The  amount  of 
exposure  requires  perhaps  greater  exiwrience 
tha?!  in  silver  printing,  as  afiowance  has  to  bo 
made  for  the  circumt-tance  that  the  image  on 
the  mper  before  development  is  not  sufficiently 
marked  to  guide  the  operator  in  determining  the 
length  of  exposure  without  considerable  ex- 
perience. Proper  exjMj.  ure  may  be  said  to  have 
Ix'en  given  when  the  .shadows  of  the  picture  are 
distinctly  seen  of  a  drab  oolour. 

For  the  further  development  of  the  image 
the  print  is  floated  face  downwards,  or  drawn 
over  a  hot  satomted  solution  of  potassium 
oxalate  in  the  manner  previously  desoribtKl  for 
albumenising  [wiper.  A  solution  of  the  proper 
strength  may  be  made  by  dissolving  2j  oz. 
of  neutral  potassium  oulate  in  10  oz.  of  distilled 
water,  wmeh  should  be  used  in  a  dish  of 
enamelled  iron  and  kept  at  a  temperature  of 
170"-18U°F.  When  development  is  deemedcom* 
pletc,  and  the  full  detail  of  the  picture  is  out, 
the  print  is  transferred  to  a  solution  of  hydro- 
chloric acid,  of  a  strength  of  1  oz.  hydrochloric 
acid  to  60  or.  of  water,  in  which  it  should  remain 
10  minutes.  Tb»  print  must  then  be  thoroughly 
washed  in  at  letwt  three  ohangos  of  water. 
Should  the  prints  I.h"  deem  id  over-i  x]Hi-ed.  the 
temperature  of  the  developer  may  be  lowered. 

The  prevailing  tone  of  platinum  prints  is 
grey,  but  different  tones  such  as  brown,  red 
and  even  blue  may  be  obtained  by  using  toning 
baths  containing  mercuric  chloride,  uranium 
nitrate  or  potassium  fcrrioyanide  respectivelv. 

Devdopmeni  with  cold  potassium  oxalate. 
In  this  rnorlitieation  of  the  jiroies.s  the  pajKT  is 
first  coated  with  a  saturated  solution  of  ferric 
oxalate  oontaining  about  l->l^grs.  of  nerourio 
chloride  to  the  ounce  of  oxalate  solution. 
After  proper  exposure,  as  before  described,  the 
print  is  floated  on  a  solution  of  potassium 
oxalate  containing  pot-sssium  platinous  chloride. 
Considerable  latitude  may  be  ixrmittcd  in  the 
composition  of  this  developer,  but  a  solution 
containing  50  grains  potassium  oxalate  to  the 
ounce  of  water,  with  about  0-10  grainn  of  the 
platinum  salt,   may  be  taken  as  ,i  -tandard 

Suantity  to  U-gin  with.    Warm  tones  arc  pro- 
uced  by  lessening  tbs  quantity  of  potaasiom 
oxalate  ;  cold  or  gri'V  tones  by  increasing  it. 

The  flevelopment  by  this  method  proceed.s 
slowly,  and  may  be  stopped  at  any  moment, 
apreat  latitude  being  at  the  same  time  permitted. 
When  the  print  is  thoroughly  soaked  with  the 
ilevelopi  r,  it  may  lie  placed  on  ii  sheet  t)f  glass,  or 
held  in  the  hand,  and  the  develupmeut  watched. 

Dirtrt  ploftnttm  prinHng  without  devdop- 
meni. In  this  process  the  paper  is  sensitised 
with  a  mixture  of  the  platinum  salt  with  sodio- 
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ferric  oxalate  and  .sodium  oxalate;  smaili 
mantities  of  potawtam  chlorate  and  nertmrio  I 

chloride  bciiig  also  introduced  undrr  c- rtain  ' 
cirvuiustAucc»4.  This  nietlicxi  differs  from  the  ' 
other  two  in  tliat  tho  paper  containa  the  nen- 
sitjvcsAlt  and  developor  upon  it  during  expo8Un\ 
the  printina  of  the  image  being  carried  to  its  full 
extent.  LinliT  till'  influcnco  of  light  and  the 
moisture  iu  the  air,  redaction  of  the  platioum 
Mlt  takes  place  in  the  printing-frame.  The 
printing  must  be  continiaed  until  the  picture 
has  the  appearance  finally  required.  In  momi 
weather  the  printing  will  go  on  without  d  i  f(i  cu  It  y ; 
in  vrry  dr\'  weatTicr  tne  increase  of  density 
apparently  .•^tops  after  a  certain  intensity  has 
been  rcaclied  ;  it  will  continue,  however,  to 
print,  if  the  back  of  the  paper  he  breathed  upon 
or  Tery  gently  steamed. 

Fixhiff  (lui  prints.  This  is  best  done  by 
pUciiig  the  printa  in  1  vol.  hydrochloric  acid 
and  60-80  vols,  wwter  till  the  high  lightn  appear 
perfectly  wliife.  They  should  then  be  washetl 
in  several  ehangt^  o£  water.  The  tone  given 
by  platinum  prints  is  especially  applicable  \ 
for  copying  Imildintrs  and  machinery,  but  alAO 
yields  most  l>t.:uutiful  eilects  iu  portraiture  when 
the  proper  lighting  of  the  origiital  negptiire  hu 
been  attended  to. 

Prtstuxo  with  Ikon  Salts. 

Several  processes  have  been  brought  forward 
in  which  tfic  salts  of  iron  may  be  cm])loycd 
instead  of  those  of  silver  and  platinum,  thus 
leadering  the  oost  of  copying  large  plans  or 
drawing.'?  much  los.'^  exfH-n.sivc. 

The  reduction  ol  the  ferric  salts  by  light  was 
first  utilised  by  Sir  John  Hefeehel,  who  em- 
ployed ferric  atnmonium  citrate  as  his  sensi- 
tive material,  developing  the  imago  with  a  solu- 
tion of  potassium  ferricyaoide,  ftnd  the  diflEsrcnt 
methods  now  employed  are  more  or  less  modifi< 
oations  of  his  original  process. 

B\  mixing  the  ferric  salf  and  }>()ta.s.-min 
ferricyanide  together  before  ooatina  the  pa|>er, 
the  prmt  may  after  exposure  be  ^veb]>ed  by 
nr  rcly  washing  in  wnter  until  the  washintrs  are 
colourless.  For  such  a  paper  the  following 
mixture  will  be  found  useful : — 

ferricyanide      .      2<M>  ^g. 
i-aler         .        .         5  or. 
II   t  Ferric  ammonium  citrate  .     600  grs. 
1  Distilled  water         .  o  ( jz. 

Dissolve  the  salts  separately,  then  luix.  i<c(  p  tho 
■olation  in  the  dark,  and  filter  before  u>< .  The 
paper,  after  ooatins  and  drying,  must  b(«  kept 
for  a  few  days  bemre  use.  Wien  thoroughly 
exposed  the  print  .'•liould  .sliow  a  bronze  colour 
in  the  sliadows  and  is  developed  by  soaking  iu 
one  or  two  changes  of  water.  The  colour  of  the 
prints  niay  Ik-  iinpiovcd  by  soaking  after 
development  in  a  .soluiiun  of  2|  p.o.  alum  and 
3  p.o.  oxalic  acid. 

A  method  for  obtaining  positive  prints  from 
positives  may  t>e  carried  out  hy  sensitising  the 
paper  with  the  following  solution  : — 

rGum  arable  .  4  oz.  Mix  8  vols,  of  II. 
♦  Water    .    .    .  20  ,. 


The  paper,  having  been  coated,  dried,  and  ex- 
posed m  the  oxdinaTy  manner,  may  be  devdoped 

by  floating  it  on  a  solution  of  1  oz.  potassium 
ferrocyanide  in  10  oz.  of  water.  After  develop- 
ment immerse  in  a  1  p.c.  cleansing  solution  of 
hydrochloric  acid  or  1:26  srdphuric  acid  ffP.gr. 
I  •9b),  w  lish  thoroughly,  and  dry.  These  methods 
are  extremely  useful  for  copying  large  line 
drawings  or  diagrams,  but  majr  *^  be  used  for 
ordinary  landscape  and  portrait  prints. 

In  tht  Kallifype  process  the  paper  may  he 
sensitised  by  a  mixture  containing  75  grs.  of 
ferric  oxalate  with  30  grs.  silver  nitrate  to 
1  oz.  of  water.  The  ferric  oxalate  is  dis-^olved 
in  the  hot  water  witli  a  grain  or  two  of  oxalic 
acid  to  assist  solution.  After  filtering  the  silver 
Ls  adde<l  and  the  solution  kept  in  the  dark. 

The  following  may  be  taken  as  developers 
for  tUe  pnpn : — 


i      •  1 

h 

Borax 

2  oz. 

i  oz. 

BocheUo  salt 

Ih  ox.  1 

2  OS. 

1*00. 

Potassium  ilichroniate 

15-18  dm.) 

15-18  dr*. 

8-lOdrs. 

(1  p.c.  solution) 

'    20  oz. 

20  0. 

Water 

20  or. 

f  /Potassium  i 
*•  1  DistiUed  »i 


(o)  yields  black,  [h)  purple,  and  (c)  sepia 
tones.  The  prints  are  Gxed  in  a  solution  of 
sodium  thiosulphatc  in  20  oz.  of  water  to 
which  120  nun.  oi  ammonia  (0'880)  has  been 

added. 

Nuiiicrou.s  papers  for  printing  from  negatives 
by  silver,  platinum,  or  other  metallio  salts  can 
now  be  used.  The  formula  and  details  necessary 

for  working  the  individual  proeef-\«!es  are  best 
obtained  from  the  directions  issued  by  the  various 
maketB. 

DUXOITFX. 

Under  iSaaa  heading  mav  be  classed  two  pro- 
fp^^pv,  for  printing  in  colours  which  may  be 
shortly  described  in  an  article  on  photography. 
The  one  devised  in  Germany  is  termed  Fetr-lype 
(from  the  inventor)  ;  the  other  is  the  Frimvline 
process,  introduced  in  England  by  Messrs.  Green, 
C'ro.ss,  iV  P.cvan. 

In  the  Fter-typt  tho  material  is  sensitised 
with  a  nuxture  of  a  dia«>  compovnd  with  a 
phenol  or  luiiinc  in  molccnkr  prnportinn«.  dried 
in  the  dm  k  and  exposcvl  behind  a  negative.  The 
azo  colouring  matter  is  prodttOed  in  quantities 
pn»portional  to  the  amount  of  li^ht  passing 
thrtmgh  the  negative.  After  printing,  the 
material  is  dipped  in  vciy  dilute  livdrochlorie 
acid,  an<l  finally  washed  with  waUr.  Tho 
following  table  gives  hwtances  of  some  of  the 
mixtures  employed 


I. 

I Ferric  ammooiom 
citrate    .    .  10  „  , 
Weter    .  .    .  «  „  I 

(Ferric  chloride  .  10  „  j 
.    .    .  SO  „  / 


^^^iWater 


then  5  vols,  of 
III.  to  2U  vols, 
of  I.  in  small 
por^OQt  with 
constant  stir* 
ring. 


Sodium  tolnenediavo* 

sulphonate 
Sodium  ditoIylptetrMO-  t  . 

sulphonate  /  ■ 

/i-naphthol  .  *  .  1 
m«Pnenylencdiamino 

H''sorciii(il 
Sodium  hydroxide  . 
Water  .       .      .       •  I 


,  Parts  ,  .  _ 

},   ,5      -  I  - 


n. 

Farts 


m. 

ParU 


—   !  25 


25 


8 
1000 


2fi 


20  — 

—  12 

—  i  10 
1000  I  1000 
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Frimidine  proass.—U  pdmoline  bo  treated 
with  nitroas  acid  (dil.),  it  yields  dian>>primuline, 

wliiili  fnriiiH  various  colours  by  cotnbinal ioii 
wilh.  Uitiurcut  ^lieuoia  aad  uiuincii.  11.  tliuru- 
foie,  a  snrfeoe  be  dyed  with  primuline,  oon verted 
into  (li:i/'i-j)rimulinc,  and  t'X|)osc(l  to  li}.'ht  uiulfr 
a  nt'galivi  or  jjattcni,  find  be  then  tn.'HUd  wiih  a 
phenol  or  nujuie,  an  image  is  obtained,  the  colour 
of  which  IB  determinea  by  the  nature  of  the 
developer  used. 

The  material  nxay  be  dyetl  in  a  hot  solution 
of  primuline,  washed  and  converted  into  the 
diaso  oompound  a  sohition  of  0-25  p.c.  of 
acidified  sodium  nitrite.  It  is  aj.'ain  wa.-jhed, 
and  allowed  to  dry  in  the  dark.  The  exposure 
Jfl  regulated  by  ezpoaing  dips  of  the  material 
during  printing,  and  is  Icnowii  to  \>o  conijtU  te 
when  the  strip  shows  no  colour  on  being  touched 
with  a  drop  of  the  developer  to  be  Used. 

The  development  is  oanied  out  bv  an  allcaline 
floltttioii  of  a  phenol  or  an  add  solution  of  an 
aiiiine  (0*26  p.c.)-  The  c*luurs  allorded  by  the 
various  developers  are  given  Ix-iow  : 

Alkaline  solution  of  3-naphthol 

„      ^-naphthol  -  di-) 
so^oaioaoid/ 
„  „      phenol  . 

„  re»orcinol  .  . 

M  (slightly)    m-rogallol  . 
■•Naphthylamine  hydroohloride 
Slightly  acid  wlntion  of  eikmiogen  . 


Ked. 

Maroon. 

Tellow. 

Orangf. 


Brown. 
Purple. 

Blue- 
black. 


Eedimucctiox  of  Nati  ual  Colouk-s. 

The  problem  of  reproducing  colours  as  they 
may  be  aeen  on  the  focussing  screen  of  a  photo- 
graphic c  uncra  has  long  attracted  the  attention 
of  those  engaged  in  experimental  work  connected 
with  i^iotography.  It  ia^  however,  only  in 
leoent  years  tliat  piooeeses  founded  to  a  con- 
siderable extent  on  the  work  of  early  experi- 
menters have  yielded  satisfactijry  results. 

Tins  branch  of  piwtogranluo  pcaotioe  has 
developed  so  greatly  witidn  the  Iwt  few  years 
that  any  account  of  it  in  a  work  of  this  kind 
must  of  necessity  bo  brief  and  somewhat  general 
in  its  nature,  and  special  works  must  ^  con- 
sulted for  spceitic  details  connected  with  the 
various  procest-es. 

The  methods  employed  for  the  prodootkm  ol 
ooloored  efieots  on  sensitive  films  may  be 
divided  into  two  large  classes,  (a)  Those  where 
the  result  is  produced  by  the  tlireet  action  of 
light  on  the  sensitive  material ;  and  lb)  those 
pcoduoed  by  the  interventifm  of  coloured  screens, 
either  sspamte  or  combined  with  the  sensitive 
film. 

In  (a)  the  colonrs  are  reproduced  (1)  by 

direct  action  on  the  ."cnsitivo  material, 
(2)  by  interference  of  the  waves  of  light 
rctieeted  back  through  the  film  from  a  mirror, 
and  (3)  by  tin-  MeaciuQg  out  of  certain  dyes 
which  are  r<  .^{> usive  to  the  action  of  the 
various  coloured  ray.<».  In  (b)  the  effects  are 
produced  either  by  coloured  screens  of  various 
patterns  superimposed  on  the  sensitive  material 
or  by  grain.s  coloure<l  in  blue,  green,  and  red, 
and  incorporated  in  the  sensitive  film  itself. 

Becqmrd  aiid  Niepet»  That  a  sensitive  silver 
fUm  by  itself  could  respond  to  coloured  rays  of 
light  was  observed  at  an  early  date,  and  about 


1810  the  Clerman  physicist.  See  beck,  showed  that 
different  gradations  of  colour  effect  might  be 
obtained  when  the  solar  spectrum  was  thrown 
on  a  film  composed  of  moist  sUvei  i;hloritle. 
Such  changes  of  colour  on  silver  siilts  were  also 
noticed  by  John  Hcrsohci,  Hunt,  Fox  Talbot, 
and  others ;  but  at  that  time  little  progress 
was  made  until  the  i  xpt  riiiuiitH  of  I^ecquerel 
and  Niepoe  between  i^oi)  and  1865.  In  all  of 
them,  however,  the  long  exposure  necessary  to 
obtain  an  effect,  the  very  moderate?  reproduction 
of  the  colour  effect,  and  the  impossibility  of 
permanently  fixing  the  picture,  rendered  oil 
such  attem])t<  impossible  for  producing  results 
with  the  camera. 

Lippmann's  method  by  inUrfertnu  wvet. 
Tliis  process,  in  which  no  coloured  materials  or 
screens  are  emj)loyed.  depends  u{)on  the  pro- 
duction of  tile  colour  phenomenon  by  tho 
interference  of  light  rays  reflected  from  thin 
films.  Tlie  plate  cceted  with  s  transparenv 
emulsion  and  impregnated  with  colour  sensitising 
media  is  placed  in  a  special  dark  slide  Mith  tho 
);lass  of  the  coated  plate  facing  towards  the 
lens,  and  the  sensitive  lilm  in  close  juxtaposition 
to  a  thin  bath  of  mettdlic  mercury,  which  acts 
as  a  reflecting  surface. 

The  light  rays  passing  through  tho  film  are 
reflected  back  from  the  surfece  of  the  mercury, 
thus  producing  a  nunilH.r  of  stationary  periods 
or  nodes  due  to  tho  neutralisation  of  the  opposing 
incident  and  reflected  rays. 

The  circumstances  which  produce  this 
effect  in  the  plate  may  be  shown  by  a  diagram 
(Fig.  8),  illustrating  the  movement  of  rays  of 
different  velocities  through  »  thickness  <»  the 
sen-sitive  materiiU. 


TiQ,  8. 

Tn  this  diagram  the  rays  of  the  red,  green, 

and  blue  colours,  indicated  refein'Oti vcl\  liy 
the  letters  d,  e,  and  r,  passing  through  tlie 
film  and  falling  on  the  mercury  c,  are  indi> 
eated  by  the  continuous  line?,  vhile  the  dotted 
lines   represent  the  reliecled  rays.     At  the 
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points  a,  a.  n,  the  rays  intersect  each  other,  i  solution    of   potaHsium    forricyaiii'lo,  washed 


giving  DO  uiuvctuent  ut  ihvi>t.-  Ionian,  and,  with  water,  and  j^daced  for  a  minuU;  uud  a  half 
consequently,  no  light  etfcct,  wfureas  at  the  :  iu  the  red  Blaining  solution.  Th«  utained  lilm 
(jointB  fc,  i,  f),  or  intornodal  poiiitH  as  they  is  then  trausferred  to  a  fcoiutiou  of  Bodium 
are  called,  wberc  uo  interlerHU(;e  exirftvi,  the  |  thiobulphato,  wliich  at  tirbt  causes  n  brown 
action  of  light  will  cause  a  deposition  of  silver,  l  preeipitatt;.  This  is  at  once  thrown  ci(I  uud 
Xiiis  deposition  taking  phu»  at  a  separation  of  fresh  thiosulpbite  flowed  over  tlie  plate,  when 
half  »  wave  length  of  the  incident,  light  will  the  image  will  gradually  oasume  a  greenish-biue 
oidy  reflect  light  of  thtf  colour,  the  w.ivo  length   colour.    The    pl  itt-    is    now    washed,  dried. 


of  which  18  double  the  distaacc  of  these  interoodol 
points;. 

Oii-riinlly  Lippmann  employed  nn  albumen 
prcK.ena  for  iixa  ^ieositive  plates,  coiour-seusitised 
with  erythcosin,  quinolLM  red,  cyanine,  and 
tiu\Lii  kite  green;  but  more  recently  formiilai  for 
gtlaliii  utuulsion  piattjis  liiivu  bccii  put  forward 
oy  Valcuta,  Luiniere,  and  by  Lippmann  himself. 
Tho  following  numbers  give  two  lonns  of  the 
emulsions  that  have  been  proposed  t*— 

I. 

1  Gelatin       .        .  .  10  gr.'*. 

A.  <8Uver  nitrate      .  .  0  gra. 

Water        .       .  .  300  0.0. 

Gelatin      •       .  .  SOgcs. 

Fotaasluin  teouudff  .  5  grs. 

Water       .  .  300* 


n. 

5  grs. 
3  grs. 

225  C.C. 

6  grs. 
8*t  grs. 

0.0. 


For  colour  sonsitisiug  cyanine  and  erythro- 
solations  (1:600)  have  bem  used.  For 
tbe  aenaitiaer  2  parts  of  the  cyanine  eolntlon  is 

mixed  with  1  part  of  the  er^vtliro.^in  sdlution, 
and  1  to  2  parts  of  this  mixture  added  to 
100  parte  of  too  emulrion.   Increased  sensitiTe- 

nc*w  may  1»p  civen  to  these  plates  by  bathing  them 
shortly  before  exposure  in  a  mixture  of  5gtamhol 
silver  nitrate  diwolved  in  iCHXJ  c.c.  of  alcohol, 
to  which  5  C.C,  of  acetic  acid  luive  been  jidded. 

/fc«'  process.  This  prcK.c5s,  devised  i)V  Ives 
in  America  and  by  Ducos  du  Uauron  in  J'ranee, 
depends  on  tbe  minoiple  pnt  lorwud  by  Clerk 
Maxwdl,  tltat  the  objeet  to  be  ceprodnoed,  if 
p!iot< 'urajihed  tkmut^h  three  separate  cubiuri^d 
t'cn^Uii,  ill  ^ve  corresponding  n^^ativcs  repre- 
senting in  light  and  shade  the  gradation  to 
which  the  tlifh  rcDt  li^ht  ofTcc  ts  coming  from  the 
object  will  uxcite  a  single  primary  colour  liensa- 
tion  in  tho  eye.  .Three  negatives  of  tbe  object 
are  obtained,  one  taken  behind  an  orang«» 
screen,  a  second  behiud  a  giccu,  aud  a  thud 
behind  a  blue  screen.  Three  positives  arc  then 
taken  from  these  negative^;,  and  arc  illuminated 
one  by  red,  the  second  by  M^rccn,  and  the  third 
by  blue  violet  li'Zht.  The^e  beinL'  superimjiosed 
on  a  screen,  tho  combined  image  of  the  original 
object  will  be  seen  leprodttcra  in  its  natural 
coloors. 

For  the  simultaneous  production  of  the 
negatives  and  for  the  projection  on  the  t-cieen, 
special  cameras  have  been  devised,  and  for 
viewing  the  transparencies  Ives  introduced  the 
a(>paratus  known  nndes  the  name  of  the 
'  Kromoecope.' 

The  sane  effect  may  be  obtained  on  one 
glass  plate  in  the  fulbtwing  way.  Three  separate 
motives  are  taken,  paying  due  attention  to  the 
erpoenrea  necessary  for  the  different  coloured 
filters.  These  are  developeil  in  tlu'  u-ual  way. 
fixed  and  washed.  To  obtam  pu.-*mves*  from 
these  negatives,  an  ordinary'  transparency  is 
first  taken  from  tho  negative  obtained  throui^h 
tho  rod  screen,  washed  and  dried.  It  in  then 
Uoaohed  by  immenioa  for  about  a  minnte  in  a 


varnished  with  a  celluhjid  enamel,  and  again 
dried. 

Tho  pink  and  yellow  iniages  may  thon  bo 
printed  at  the  same  time  on  one  iatrip  of  a 
sensitised  dichromated  gelatin  film,  the  celluloid 
side  of  the  lUiii.  not  the  dichromated  side,  being 
jn  conta.  t  witli  the  film  side  of  the  negative,  so 
that  the  print  is  made  through  the  celluloid 
support.  The  film  is  then  developed  iu  the 
usual  manner  by  hot  water  at  a  tMnperature  of 
OO^-IOO^F.,  fixed  by  sodium  thiohulphnte,  anil 
thoroughly  washed  -with  cold  water,  i  he  two 
prints  are  now  cut  separate  and  stained  bv  the 
pink  anfl  the  vellow  dyes.  The  staining  should 
be  earned  out  in  wliitt)  puii-ciaiii  dishes,  and 
should  be  done  slowly. 

When  the  .stained  tratudcrs  have  been  rinsed 
and  diicd  tiie  \  are  ready  to  be  superimposed  in 
correct  position  over  the  blue  transparency  first 
<le8tTibed.  Tho  pink  him  is  fiwt  accurately 
adjusted  film  to  fum  over  the*b)ne,and  then  the 
yellow,  ^jfained  side  downwards,  tiVtr  the  pink. 
The  films  may  be  lixed  in  accurate  ic^i&tvr  with 
binding  slips,  but  a  better  resnlt  is  obtained  if 
the  separate  films  are  seenred  in  optiral  (ontact 
by  Cauadu  balsam.  When  tluuvui  uu  the  screen 
the  original  picture  is  Reproduced. 

Di/M  for  Iri -colour  staining.  The  foUowilu^ 
are  some  of  the  substances  wWch  may  be  naed. 
For  blue:  thio  blue  A  or  soluble  Prussian  blue, 
slightly  ai^fied  with  sulphuric  acid.  For 
pink  t  a  mixture  of  eoein  sod  rhodamin  pink. 
For  yrlh.w  :  !)est  brilliant  yellow  or  aniline 
yellow.  For  Ives' plates.  For  blue  :  uicthyicne 
bloe^  16  grs. ;  cold  water,  4  oa.  Por  pink  : 
magenta  red,  16  grs.  ;  hot  water,  4  oz.  ; 
acetic  acid,  10  mins.  l  or  yellow,  ammonium 
picrate,  a  saturated  solution.  In  each  ta-e  the 
tiansfer.  after  staining,  t>hould  be  rinsed  in  water 
idigitlly  acidified  with  acetic  acid. 

Tho  nature  ol  these  dyes  i^  very  vari. d, 
and  special  works  must  be  consulted  with 
regard  to  quantities  and  methods  of  prcpanition. 

f.i'jhi  Jilttra  for  colour  tiork.  These  may  )><■ 
made  with  either  a  collodion  or  a  gelatin  medium 
coated  cm  glass  or  used  in  cells.  For  yellow 
li£:ht  filtt  rs:  tetr:i7,ine,  rapid  filter  yellow  K; 
uiruutia,  aud  aaphthol  yellow  may^  bo  used. 
1  Vir  orange  filter  a  miziUK  of  aorautia  or  rose 
Bengal  with  tetrazine  is  emj^oyed. 

Fillers  Jor  three-folowr  work.  For  these  a 
0  p.c.  stock  gelatino  solutitm  is  the  mediun). 
For  tho  violot  filter  (yellow  printing  nt  ;iativ<  ), 
stock  dye  solution,  crystal  violet,  31  k'-^;  ; 
warm  w.iU.v,  n  t,z.,  TO  nun.  ;  glacial  aceti<r  acid 
3  mm.  Add  parts  dye  solution  to  lUO  parts 
gelatin  solution.  A  second  blue  dye  is  rapid 
»ilt.  r  "ilue,  ITjI  frrs.  ;  water,  G  wz.,  IGO  mm.; 
ammonia,  lU  mm.  Filter,  then  take  dye  w.lufion 
2t»  l)arts  ;  gelatin.  lUO  part.-^.  F'-r  L'reen  iilter 
(red  print  ii\^'  negative),  Kapid  hiter  green  1., 
62  graiu« ;  wat<er  3^  oz.  Take  of  dyc  solution 
20  parte  to  100  of  j^eUtin  solution.   A  green  for 
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paachi'omatic  pl^ites  is  as  folio wa  :  iilLer  blue- 
greoa,  15J  gra. ;  filter  yell.  >w  K,  16^  grs.  ; 
water  3^  oz. ;  take  dye  sulution,  20  parts ; 
golatin,  iOO  parta.  Red  filter  (bluo  printing 
negative).  Rapid  filter  red  1.,  3HJ  grs.  ; 
water,  3^  uz.  Take  dyo  solatioo  20  partd, 
gelatm  lUO  parts. 

Single  platt  coUnuid  practises.  Jcly'a  process. 
In  this  process  a  glass  scroon,  whi(;ii  may  be 
called  for  coavenionce  the  taking  screen,  is  nded 
mechanically  with  minute  lines  in  orange, 
yellowish-green,  and  blue.  This  scr&eu  is 
placed  in  the  ordinary  camera  slide  with  the 
lined  surface  inwardd  and  in  ciuitaL-t  with  tin- 
film  of  the  sensitive  plate.  These  plates  inuyt 
be  sensitive  to  the  entire  range  of  colours. 
The  negative  haviag  been  develo^d  in  the  usual 
way  a  positive  is  printed  from  it  by  contact, 
and  anotlier  ruluil  .'^erecn  is  placed  in  contact 
with  this  transparency.  This  second  screen, 
which  may  be  called  the  viewing  screen,  is  not 
lined  like  the  first  one,  but  in  red,  Krccn,  and 
violet  lines.  This  screen  must  be  bu  ndjuaieU 
that  the  red  linos  fall  on  the  position  originally 
occupied  by  the  orange  lines  of  the  taking 
■Oreen ;  the  green  on  that  uccupicd  by  the 
blue-greon,  und  the  viulet  on  that  originally 
ooonpied  by  the  Uue.  It  ia  oi  importance  that 
the  Unee  be  in  exact  regltter.  The  positive  and 
screen  having  now  been  put  in  ejLact  positit  n, 
the  image  can  be  thrown  upon  a  screen,  when 
the  picture  will  be  seen  in  its  original  colours. 
It  is  of  advantage  that  these  pictures  should  be 
looked  at  from  some  little  distance,  as  the  lines 
blend  more  harmoniously,  and  they  should  also 
be  looked  at  directly,  as  when  pevn  oliliquoly 
ttie  colours  vary.  When  observed  iUrectly  tho 
lines  on  the  positive,  and  those  on  the  viewing 
screen  are  in  register ;  bat  when  observed 
obliquely,  the  Une  or  red  predominate,  according 
to  tlio  side  from  whioh  thift  tnnsparenoy  may  be 
regarded. 

Auiochrome  process.  In  this  process,  intro- 
duced by  Luiiiii  re,  the  colour  Rcrcen  coni^iats  of 
minute  .staicU  giiiuulos  dyed  with  the  three 
primary  colours,  red,  blue,  and  green,  this 
film  bc^g  overlaid  by  a  panchromatic  sonsitivo 
film.  In  preparing  these  the  phvtes  are  first 
<''Mted  with  a  tacky  film  which  is  then  »  uvcred 
with  a  layer  of  the  coloured  granules  thoroughly 
mixed,  BO  that  the  differmt  eolonrs  may  be  as 
far  ad  possihh*  nnir.niily  di-{iilm(eJ  nver  the 
plate.  This  film  is  then  roile<l  so  as  to  get  it 
as  thin  as  possible,  and  retaining  on  its  surface 
Onlyonesinglt  tfii.'l-t).' of  the  culoureil  parfi:-'lc'S. 
It  IS  then  duAlud  With  tsuuie  black  laatenai  to 
fill  up  the  interi^tices  between  the  coloured 
granulesi  and  finally  dried  and  varnished.  In 
some  cases  the  dark  material  is  incorix)ratod  in 
the  emulsion  idntaining  the  coloured  granules. 
Upon  the  plate  so  prepared  is  spread  the  panohro- 
matio  sensitive  emulsion,  which  is  dried  in  the 
II  •!  ;i  -nanner  And  it  is  then  ren'l\  fwr  m-v. 

i  lie  pluto,  as  m  the  case  of  uil  auch  in  which 
tho  coloured  screen  is  attached  to  the  sensitive 
film,  must  be  expo^icii  uitli  the  glass  and  not  the 
cmulf^ion  towardii  the  iuii.^,  so  that  the  light 
coming  to  the  sensitive  film  niU5t  pass  throu|j;h 
the  coloured  filter.  The  lens  must  also  be 
covered  with  a  yellow  screen  to  diminif^h  the 
artivo  efTiM-t  of  tho  m'i-1v1 -hliif  ny-t. 

This  reversal  of  the  position  uf  the  plate  iu 


I  the  camera  necessitates  some  adjustment  of  tlu> 
!  focuj)  in  tising  an  ordinary  oamsr  aikd  ground 

glass  focussing  screen.  V>uch  cnmpcn^ntjon  can 
be  made  either  by  rovcraiutj  the  grouud-glotoi. 
screen  or  by  racking  in  the  lens  about  of  an 
inch  towards  the  plate,  thns  oomjpansating  for 
the  depth  of  the  glass  plate  on  whloh  the  emul- 
sion is  spread.  It  may  also  lie  arranged  for  in 
more  simple  manner  by  focussing  the  image  on 
tile  ground  glass  l^ore  placing  tho  yellow  soreen 
I  in  its  position  behind  the  lens.  On  screwing  the 
yellow  screen  into  its  proper  pusitiLm.  after 
toousring  in  the  ordinary  way  on  the  .screen, 
tho  imago  will  be  found  perfectly  .sluirply 
reproduced  ou  the  developed  plute  after  e^x- 
pos>ure. 

J>tday'4  dioplichnmt  j/ncu*  In  this 

tho  odour  screen  consists  of  a  series  of  parallel 

;  green  linos  with  tlie  inti  i  vening  sp.ice.s  filled  by 
alternate  blue  and  red  squares.  The  breadth 
of  the  lines  and  the  size  of  the  squares  have  a 
certain  relation  ;   thus  the  width  of  tho  green 

.  iiuo  ib  U-Ofi  mm.  ;  tho  blue  square  is  0-06  mm.,  and 
the  re  1  square  0-07  mm.  The  plates  are  rapid 
and  are  said  to  be  stronger  for  handling  than 
some  of  tho  others. 

Thames  screen  plate.  This  plate  has  a  colour 
screen  formed  oi  rows  of  alternate  re<l  and  green 
eiroular  disks,  the  intervening  spaces  being 
nUed  with  a  violet-blue  dye,  thus  covcriiig  the 
entire  plate  with  the  three  cohmrs.  The 
Thames  plate  ean  also  be  obtained  with  the 
colour  screen  separate  from  the  sensitive  plate. 

In  these  plates  the  ssuieeus  are  apparently 
more  transparent  than  when  coloured  granules 
are  used  ;  also  they  can  be  exposed  with  a 
lighter  yellow  screen  upon  the  lens  and  probably 
are  more  rapid  in  thci:  ai  iiun. 

Devdopmenl  o/  ooUjured  pmntives.  Unless  it 
be  neoeasary  that  the  resulting  positive  should 
undergo  intensificatiuu,  the  development  may 
be  carried  out  with  only  two  soiutious,  the 
devduper  and  the  reversing  solution.  The 
same  reducing  agents,  with  some  slight  moclillca- 
tions,  may  be  employed  as  are  u^ed  iu  the 

I  ordinary  develpping  solutions  already  described. 

I  Tho  most  important  differences  from  the  ordinaty 

I  manipulation  in  the  development  of  coloured 
positives  are  that  the  light  <  f  the  developing 
room  must  be  much  more  modified  on  account 
of  the  mmAttve  nature  of  the  plates,  and  the 
washing  operations  a«5  short  as  posj^tble  on 
account  of  tho  delicate  nature  of  the  ttims. 

The  first  development  is  carried  out  in  tho 
usual  way,  but  should  be  fini.^lied  in  2  to  2^ 

i  minutes  ;   the  plate  is>  then  carefully  washed 

j  and  co\  r  I  t  <  i  with  the  reversing  agent,  an  acid  solu- 

1  tiuu  oi  potassium  permanganate  or  diohromate. 

i  At  this  stage  it  can  be  taken  into  daylight  and 
examined.  The  plate  may  bo  allowed  to  remain 
in  the  reversing  solution  for  3  to  4  minutes,  but 
must  he  doody  watched.  Tt  is  then  again 
washed  and  flooded  with  the  same  developer  ns 
employed  in  the  first  development.  J'«ith  the 
reverwU  and  the  second  development  niav  be 

'  carried  out  in  daylight  and  tho  action  of  the 
second  development  allowe<l  to  proceed  until  the 

I  p<:>sitive    become.^   uniformly   dark  or  nearly 

j  black  when  viewed  in  the  dish  by  reflected  light. 

'  Should  the  positive  appear  dull  or  sUffBtly 
stained  ,ifi-  i  n  vrr--fll  it  may  bo  cleaned  hy 
immcrsioQ  in  a  1  p.c.   solution   of  sodium 
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ueto-  bwuiphite.  I'ull  inatmctiouB  an  ^eneraUy 
given  by      nuJMn  of  the  rarions  platM. 

The  folliiwing  may  be  1<ikfii  as  more  or  less 
«ppUc»Uie  to  plaieB  whece  the  culuui  screen  is 
oombitUNl  with  tbe  emukion. 

Devdoper*. 

Heteqnincme  (quinomrt) 
Sodium  sulphite  (luuiydyide) 
Potasfiium  bromide     .  . 
Ammonia  (0*920) 
H^druquinone  . 
l'utiu»Hium  metabiaulphit«  . 
Water  .... 


a 

UUgra. 
Odn. 


61 


36 


(iO  gre. 

5  07, 

i  oz. 
20  OB. 

0»ii«tio  potaah  1  OB. 

Wati  r  20  oz. 

a  i«  the  deTeloper  fsiiecaliy  appUcablfi  to 
antoohrome  pkte«  and  61  atid  62  to  nuunes 

pl.iti  "-.  In  the«o  lattoTt  61  ami  62  .sh(juld  be 
mixed  in  equal  quantitiee  just  before  use. 

Beoersal, 


Putouium  oennanganate  30  gn.      —  — 
ft      olflbBaaiata .  *  —     i&gn.  lo^.c.toiu 
^  tion  1  oz. 


S'llpliuric  acid 
Water 


ii^jflrs.  lOOmm.  1  dr. 
»b  at.    to  oz.       lU  OS. 


c  and  d  aro  naolvl  lor  autochromee,  e  is 
generally  uMd  with  the  derelopora  61  and  62  for 
'I'ham--^  plates.  In  uying  p<itassium  perman- 
ganate as  the  reversiae  agent  it  is  often  neceasanr 
to  immerse  the  plate  for  a  fow  aeoonds  ill  a  bain 
of  nhronu-  nluni  iit>mc(li:it«|j  alter  reversal  MMi 
before  the  hnai  washing. 

Inleiuifieatien.  Shmdd  the  plate  after  de- 
Tflopment  appcnr  tn  want  contract  nnd  brilliancy 
it  luay  bu  intcoaiticd  cither  at  tlu>  time  of 
development  or  at  some  future  time  provided  it 
has  not  been  varaiahed.  Before  intensificatiun 
if  the  {date  tiaa  been  allowed  to  dry  a  thin  edging 
of  Tarnish  should  bo  given  to  it  to  prevent  the 
filaa  frilling  or  slipping. 

The  plate  is  nrst  immeiaed  lor  about  16 
•econd^  in  a  solutifjn  of — 

Acid  permanganate  from  developer  (c)  fidrms. 
Water  S6  oi. 

After  \v;ibliin'i  it  is  intensified  much  in  tlio  ^.-mio 
manner  as  described  for  wet  plate  positives 
in  the  ieOofring  lolntiont:— 

1P>TOgalIol  .  .  .45  grs. 
Citrio  acid  .  *  .  4u  grs. 
Water  .  36os. 

J*    ( Silver  nitrate  75  grs. 

tWater     .       .  .    3i  oz. 

Of  thcM  for  any  size  up  to  a  whole  plate  take 
of  1.  3i  oz.  and  of  II.  3  drms. 

Immerso  thu  plate  in  this  solution  and 
examine  the  increase  in  intert>sity  from  tinio 
to  time.  The  aolntion  mnat  be  made  just 
befoie  nae  and  dieearded  when  it  beeomes 
turbid.  After  intensiOciition,  gently  wash  the 
plate  for  a  few  seconds  and  immerse  in  a  bath 
of  ftettkai  pennanganate  oontaining  ix^tassium 
porm/mgannte  15  grs.  to  water  35  uz. 
Wash  again  iur  a  Ivw  seconds  and  fix  the  plalo 
ill  the  loUowing  bath  :  aodiuiu  tliioBulphate, 
5^  OB.  I   latacated  aolntion  of  aodium  bi« 


sulphite,  li  oz.;  water.  35  oa.  The  ^late 
after  a  final  waalung  oao  then  be  dried.  Fudng 
the  }il  ito  in  thiosidphato  IS  always  neoeaaaxy 

after  intcn.sihcation. 

StMckiwj-oui  •proceM.  This  prtx^csb  depends 
upon  the  fact  tliut  certain  <\yv<  mny  He  (U  .'.tr'iy«  d 
by  the  ravs  o£  light  which  Uiey  absorb.  iuu.s 
an  unstable  red  colour  will  be  Htable  in  red  light 
but  h.-^  flestroyed  by  light  of  another  colour ; 
thia  phenomenon,  us  explained  by  Piorschel, 
being  due  to  the  fact  that  only  thoj«e  rays  which 
are  absorbed  by  a  dye  can  exerciae  their  enei^ 
in  decomposing  thiat  dyo,  the  other  rays  wfajoh 
are  reflected  having  no  action  uj^on  it.  Thus 
if  a  film  be  constituted  oi  prupuriy  chosen 
yellow,  red,  and  blue  dyes,  only  those  <lyes  will 
be  destroyed  which  absorb  the  rays  of  the  corre- 
sponding colours.  If  |)aper  be  coated  or  other- 
wise dyed  with  sensitive  aniline  colonTB  which 
rtrp  especijJly  BUfceptilile  to  this  decomposition 
and  u  coloured  traiiAipareiKy  be  placed  u|K>n  it, 
wherever  green  light  falls  upon  the  paper  the 
red  and  bine  oolouxs  will  bleach  out,  and  coii- 
venely  where  red  faUs  the  blue  and  green  will 
bleach,  and  where  blue  dij's  fall  the  red  and 
green  will  go.  In  fact,  wherever  a  particular 
colour  falls,  that  special  eolonr  will  be  retained 
and  rendered  permanent  on  the  paper  print. 

The  following  quantities  have  been  given  as 
suitnUe  for  preparing  a  smtf tive  film  for  thia 

pr«'»cesf(  : — 

A.  (itUtm     ....  IMgrs. 
DUtilled  water  .       *       .     3f  OB. 

(1)  Methylene  blue  .       .        .  l;£n^' 
Distilled  water  .       .       .      I4  u;t. 

(2)  Auramine  ...       *  l*gn. 
Alcohol     .  .       -     1|  «t. 

(3)  Erj'throsin         ...      4  grs. 
Distilled  water  \\oj.. 

To  the  gelatin  solution  A  add  ir{  Ni>.  1  solu- 
tion 08  min.,  uud  of  No.  2,  34  niin.,  ctir  well 
and  tlicn  add  drop  by  drop  with  constant 
stirring  25  min.  of  Ko.  3  solution.  The  addition 
of  No.  3  ninst  be  stopped  on  tlie  f<]iK!itest 
appeiuikiice  of  a  red  tinjje.  The  mixture  ^-hould 
stand  for  3  or  4  hours  at  a  temperature  of  froni 
96"  to  110*F.,  and  then  thonld  be  added  a  adn- 
tion  of  c!J<  rd  Iiydmie  31  gr.-.  and  oanstic 
soda  solution  3U  p.c.  about  10  min. 

The  length  of  exposure  neosssary  to  give 
any  good  result  is  tt  pr»  :-fnt  so  long,  that  this 
method  of  obtaining  coloured  prints  cannot  be 
said  to  be  qxdte  perfect  enovgh  for  ordinary 
use.  Improvement*;,  however,  are  being  made. 
It  will  be  seen  that  this  process,  if  the  fibns  bo 
.spread  on  paper,  might  be  used  for  printing 
from  ouloured  transparencies. 

PiinfUKa  nr  Coloubs  on  Pafkb. 

In  the  pf  eesses  hitherto  described  the 
result  obtuiaed  is  a  coloured  trjin^parency  on 
glius.s  of  which  oril  \  >  ne  copy  can  be  retained. 
To  obtain  a  number  oi  copies  on  paj)er,  resort 
must  tie  had  to  photo>mechanical  work.  The 
principlcH  involved  in  the^e  pr<Kes-t  will  Ik- 
dealt  with  elsewhere  (p.  23b),  so  tiiat  here  it  is 
only  necessary  to  describe  the  differences  which 
exist  hen  proihicing  such  pictures  from  coloured 
transparencies. 

Three  negatAVeu  of  the  subject  are  fir>^t  tnketi 
through  proper  colour  iiliers  a:*  already  described. 
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and  from  those,  corresponding  positive:^  are 
made  on  orduiary  Hcnsitiiicd  piaU-'b.  Croas- 
hatchcd  negatives  are  now  made  from  thcae 
positivea  throagh  iined  or  dotted  »creuus  as  for 
ordiiuury  photo-mechaiiical  pruiting,  which  uega- 
tivLs  can  bo  printed  on  copper  or  zinc  plates 
Qoatod  with  dichromatod  gelatin.  Develop- 
meat  by  washing  is  then  carried  out  in  the  usual 
way,  leaving  a  positive  in  insoluble  gelatin  on 
the  eopp«r  or  srino  plat«.  Thetw  constitute  the 
three  blocks,  as  they  are  called,  and  may  now 
be  coloured  separately  in  yellow,  rod,  uud  blur, 
tho  final  prints  being  tukcu  Iroiu  tliciu  by 
carefully  Hupcrituposing  and  adju-stiiij^'  llio  sheet 
oa  which  the  final  imprassion  ia  to  b«  taken. 
The  order  in  wluob  the  final  printuig  is  oaraied 
out  is  first  to  print  tho  jallow  image  tbam  the 
red  aud  fiually  the  blue. 

CoUotype  cotour  proce^.  The  final  prints 
in  this  process  are  obtained  in  tho  various 
colours  from  a  reticulated  gdatiu  surface. 
Thne  negatives  arc  taken  in  the  nuumer  alreadv 
deacribed  on  thick  glass  plates  covered  witn 
diohromated  gelatin,  and  after  exposure  washed 
to  remove  the  colour  of  the  dichromate.  When 
dry  the  plates  are  soaked  in  glycerol  and  water 
for  about  30  minntes,  and  the  solution  carefully 
rt  iiiuvod  hy  a  dry  clotlx.  Tho  glycerol  solution 
penetrates  through  the  film,  apparently  accord- 
ing to  the  different  intend ty  of  the  light  that 
has  acted  on  various  p.irts  of  thu  pl;itt>.  Thus 
there  is  great  pcuclratiuu  in  the  parU  unuctad 
un  by  the  light,  but  little  or  none  on  the  portions 
hardened  by  the  light.  On  covering  the  nurfacc 
•with  coloured  ink,  the  greasy  body  adheres  to 
tht;  (IryLP  shadows,  but  dues  not  become  attached 
to  the  more  moist  portions  which  represent  the 
high  lights.  The  final  impresgdona  are  taken  by 
accurately  superimposing  the  sheet  of  paper 
successively  over  the  three  differently  coloured 
collotype  platOB.  Tha  reticulution  rd  the 
gelatin  in  this  process  provides  the  neoeaeary 
titte  gniin  on  the  plate. 

Imbibition     proUM     oj     Sanger- She  plierd. 
Throe  negatives  are  Hr^t  taken  through  the 
colour  screens,  and  positives  pririled  from  them 
on  a  celluloid  tilm  roatcd  with     hitiii  r  <int. lining 
silver  bromide,  which  is  seniiitised  in  a  solution 
of  potassium  dichromate.   The  prints  are  made 
by   printing   throu'jh   flic   rdluloii!    film,  the 
celluloid  surface  being  in  contact  wiih  the  film 
side  of  tho  negative.    Exposure  is  carried  on 
until  all  details  are  visible  on  the  film  as  a  dark 
yellow  print.    The  film  is  now  wa^ilicd  for  some 
minutoe  in  water  and  then  fixed  with  sodium 
thiosulphate  until  all  tlm  wiiite  ailviNr  bromide 
has  disaraeared,  leaving  the  image  in  dear 
gelatin.    The  film,  tiikfu  uixh  r  tht  green  filter 
u^ative,  is  now  stained  in  the  pink  dye  bath, 
that  ^m  tho  blue  filter  in  the  yellow  dye  ba.tli, 
and  the  thini  f^tainod  in  the  blue  dye. 

The  prints  are  then  nuccessively  'squeegtHxl ' 
on'to  a  sheet  of  paper  which  has  been  coat^tl 
with  a  tliin  layer  of  gelatin,  and  which  after 
well  soaking  in  water  is  spread  on  a  glass  plate. 
The  order  in  which  the  dyed  po^itiv«^s  are 
transferred  to  this  coated  paper  is,  first  the  one 
dyed  in  the  pink  colour,  second  the  yellow  dyed 
jKjsitive,  and  finally  the  one  with  the  blue  dye. 
liy  this  means  a  combined  print  formed  from 
the  throe  combined  colours  is  obtuned. 

Pinait/pe  froeeM.  This  proeeas  depends 


upon  tlu!  n<»c  of  certain  dyos  whic  h  do  not 
attach  tbt'iufcch  tu  the  h;irdc-ucd  gflatiii,  but 
aro  capable  of  staining  the  unacted  on  gelatin. 
This  is  the  reverse  of  the  last  descriiied  process, 
and  as  the  dyes  do  not  attach  themselves  to  the 
hard,  Init  only  to  the  soft  gelatin,  tlui  ])iint  in 
tlus  case  .will  be  a  facsimile  uf  tho  original 
ixegative.  In  order,  therefore,  to  make  a  positiT« 
print,  the  dichromatotl  plate  must  be  made 
trom  a  transparency  ami  not  from  a  negative, 
j  Three  negatives  having  been  taken  through 
colourt'd  siTfi-n.s,  three  positives  are  copied  from 
ikfiu  on  au  urdiuury  t-mulsiuii,  similar  to  that 
used  for  lantern  slides.  From  these  positivcj', 
thirae  twnfPt'fH  fiiohrumated  printing  plates  aro 
made,  wUoh  after  washing  and  allowing  to  dry 
arc  dyed  with  blue,  red,  and  meen  pinatypc 
dyoB ;  a  blue  bath  for  the  plate  made  from  tne 
red  screen  negativ«»  ft  red  bath  lor  the  plato 
from  the  green  screen  negative^  and  s  yellow 
bath  for  the  third  plate. 

To  print  the  picture  on  the  transfer  paper, 
which  has  been  previously  well  soaked  in  water, 
it  is  gently  •  squeegeed  '  first  on  to  the  blue  dyed 
plate,  then  on  to  the  rod  and  finally  on  to  t!ie 
yellow.   It  is  not  absolutely  necessary  to  follow 
this  order,  as  it  has  been  found  advantageous  to 
alti  r  it  for  different  subjctt>.    .Mimit  10  niinnto^ 
i  will  sullice  for  the  transfer  of  each  ei.luur  to  the 
transfer  paper,  but  for  details  with  rej: ard  to 
this  and  for  the  minute  manipiUation  of  tho 
process-,  special  instructions  must  be  consulted. 
It  will  bo  observed  that  a  certain  advantage 
>  exists  in  this  proces.^,  as  the  three  colour  im- 
pressions are  obtained  on  tlie  one  gelatin  support, 
j       I'lvo-colour  process.     A  prtx  ess  employing 
only  two  ooloura  has  bccui  introduced  by 
Ourtner  of  Berne.   In  thb  ezposnres  are  made 
of  the  hlue  and  vellojw  negatives,  but  no  atten- 
I  tion  is  paid  to  tho  red.     A  chioro-bromule 
transparency  plate  is  first  dyed  in  the  dark  for 
a  few  minutes  in  an  aqueous  solution  of  n.iphthul 
orange  and  then  dried.    This  plati'   is  now 
placed  film  to  film  in  contact  with  an  ordinary 
panchromatic  plate  in  the  dark  slide,  so  that 
tlio  glass  of  tho  former,  or  transparency  plato, 
faces  the  len--.    Wi(h   (his  arrangement  the 
orange  dyed  plate  acts  not  only  as  the  senative 
plate  for  the  nltte  rays,  but  also  as  a  light  filtfV 
lor  the   red,   yellow,   and   preen    ray?.  In 
this  way,  the  transparency  plate  becomes  the 
negative  for  the  yellow  print,  and  tlia  pan- 
■  chri'matie  plate  that  for  the  blue  print. 

I'rom  the  pwuchromatic  plate,  a  blue  print 
is  ma<le  by  printing  in  ferro-prus.siate  paper 
or  some  other  known  method.  The  trans, 
parency  or  yellow  plate,  after  fixin|itand  washinff 
a\va\  the  >t  lin.  may  be  prinlc<l  fr.  in  on  ordinary 
j  printing  out  paper,  or  on  a  stripping  coUudio- 
chlonde  paper,  and  if  tlie  prints  be  fixed  with 
amrnnnia  witlunit  toning  thoy-'Will  retain  a 
propel  \e!!o\v-rcd  tone.  If  transparencies  are 
used  the  yellow  trajisparency  is  directly  com- 
bincil  with  the  blue  by  placing  the  plates  film 
to  film.  If  prints  on  paper  arc  required,  then 
tho  print  on  tht*  stripping  collodio-ehlorido 
film  after  careful  adjustment  is  superimposed  on 
the  blue  print.  J.  M.  T. 

PHOTo-MEfHANICAL  rROCESRKS. 

In  adiUtion  to  the  processes  of  pure  phot*.>' 
graphy  in  which  the  results  are  obtained  by 
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light  Mtioo  akkd  by  subaemient  ohemic>l 
operationK,  there  are  other  methods  of  photo- 

gniphicr  pirturo  making.  Thew  constitute  a 
croup  by  themitelvea  uf  ouusiderable  industrial 
mportanoe,  difiering  from  the  parely  photo- 
graphic methods  in  so  far  tluit  they  yiild 
their  results  partly  by  i  luMnical  and  partly  hy 
nuchanical  meanH.  Fliotugrapljiy  is  utilis€>d  in 
the  production  of  surfaces  from  which  prints 
axu  aflerwards  obtained  in  printer's  ink.  Such 
processes  employ  the  diflort  nt  forms  of  printing 
pwf,  aodp  to  them  the  term  j/kUo-meekonir^i  u 
appBed.  They  ue  lued  for  the  prodnotion  of 
tran^'  fipts  of  dpiiwin'^rs  and  paintings  *>f  different 
Jdnds  and  for  the  uml  It  plication  of  copies  of 
photographs  of  natural  objects.  By  far  the 
greater  purtiuii  nf  the  illustrated  books  and 
pcrio<iical8  now  made  utilise  photography  in 
this  nmier.  The  processes  are  divided  into 
three  groups,  intaglio,  Efface,  and  relief,  accord- 
ing to  the  form  of  the  ink-bearing  medium. 
The  term  '  surface  '  is  for  oonvcnifucti  gent-rally 
employed  (although  it  in  not  strictly  correct), 
and  it  ui  the  fonotion  o(  thii  photographically 
prepared  >nrfaee  to  hold  the  inK  (afterwards  to 
be  transferred  to  paper)  distributed  in  such 
order  and  quantity  as  will  render  the  various 
tonr^  of  the  picture.  For  a  simple  under- 
standing of  the  differences  in  the  three  groups, 
oonnder  a  plane  surfaee  as  the  starting-point. 
Thon.  in  an  intaglio  process,  the  ink-holding 
pijtliuns  are  sunk  below  that  surface,  as,  for 
example,  in  a  steel  engraving — in  a  /•itrfare 
prooe»  the  iuk-bearing  parts  and  thoee  which 
do  not  hear  ink  am  in  the  plane  of  that  snrfaee 
after  the  m;inner  f  i  picture  upon  a  'litho- 
graphic "  stone,  wkiL^t  in  a  relief  ptoceas  o«-Ttain 
portions  of  the  original  surface  nave  been  re- 
moved, formin'.;  depressions,  leaving  other 
portions  which  ar«t  to  bear  ink  standing  in  relief, 
the  mnplest  Ulustration  of  this  form  of  surface 
being  an  ordinary  woodcut.  It  will  bo  seen 
that  a  relief  process — so  far  as  the  finished 
rejiult  is  conci'med — is  the  exact  reverse  of  an 
intaglio  process.  Methods  coming  under  these 
two  desifnations  yield  printing  media  which 
fulfil  their  pnrpoces  hy  utilising  purely  mechani- 
cal principic«i.  This  is  not  so,  however,  with 
•amoe  prncosses,  for  the  physical  state  of  the 
surface  prodni'e<I  hy  chemical  oliange  largely 
determines  their  working. 

The  following  list  l^Tes  the  typical  and  more 
important  processes  according  to  their  character 
in  the  groups  already  given  :— 

Fbotogravure  in  Una  and  in  gndatod  tones 

— flat  surface. 
Photogravure  in  lino  and  in  gradated  tones 

— cylindrical  surface. 
Woodbttiylsrpe. 

Surface. 

Photo-lithography. 
Photo-zi  ncogfaphj. 
Alography. 
OoUotjrpe. 

Rdie/. 

Line  block  processes. 
Tone     „  ,t 

Colour   processsa  (tffi«   and  mnlti-oolovr 
methods). 


Oombinaticm  prooesses  between  methods  in 
the  same  group  or  between  those  in  more 
than  one  grimp,  as  for  example,  collotype 
and  lithography,  lithography  and  tone 
Uock  processes,  lithography  and  ^oto> 
gravure. 

NegatiTSS  xaouirtKl  for  photo  •  mechanical 
methods  an  made  by  means  of  wet  collodion, 
collodion  emulsion,  and  by  <lry  plates.  The 
tirst-namod  process  is  the  one  principally  used 
for  the  majority  of  purpoeee,  for  the  reason  that 
it  is  the  most  economical  and  gives  easily  the 
kind  of  negative  required.  When,  however, 
subjects  in  oolonr  are  to  be  rendered  either  in 
monochrome  or  nirain  in  colour,  the  choice  lies 
beiwoeu  the  two  latter  methods.  The  modern 
orthochromatic  dry  plate  of  the  best  type  has, 
however,  very  largely  replaced  collodion  emulaion 
and  wifl  probably  in  time  do  so  entirely. 

The  second  ftt^-p  is  the  making:  oi  the  surfaoe. 
Practically  the  wnole  of  the  photo-mecluuucal 
processes  are  based  upon  the  changes  which 
occur  when  albumen,  v'elatin  and  its  de^rrada- 
tion  product  gelato.se  (of  wiiit  h  tl 
'  fish  glue  *  is  the  most  important  example),  are 
exposed  to  light  in  conjuii<tion  with  alkali 
dichromatee.  Generally  the  insoluble  bodies 
so  produced  are  employed  as  pmtective  agents 
or  '  resists '  upon  tiie  surface  of  a  metal  against 
the  action  of  some  solvent  of  that  meisl  (photo- 
gravure and  relief  block  process"  .  i  they  may 
be  used  in  the  production  of  an  ink  image  to  be 
applied  to  stone  or  metal  aa  an  intennadiary 
{lithofrraphy,  zincography,  alagrapliy)^  or  to 
paper  as  tinality  (collotype). 

Intaglio  Proecs'st.f. 

WoO(7fnirifttfpe.  This  process  was  the  in- 
vention of  the  late  W.  B.  Woodbury,  and  is 
especially  interesting  in  that  it  forms  a  bridge 
Ijetwecn  the  purely  photogrupliic  and  the  photo- 
mechanical  process.  The  printing  plate  con- 
sists of  a  sheet  of  lead  which  is  impressed  with  a 
series  of  cavities  the  variation  in  depth  of  wkicli 
corresponds  to  the  lii:ht  antl  shade  of  the 
difierent  portions  of  the  picture  it  represents. 
A  carbon  print  (see  OKromltim  Printinfr,  p.  241) 

is  a  picture  produced  in  in.stilublc  ^'clatin  wliich 
holds  in  suspension  finely-divide<l  carbon  or 
other  pigmentary  matter.  The  pietnre  tones 
aro  represented  l>y  raiious  thicknesses  of  in- 
soluble gelatin,  and  such  tones  show  a  sensible 
amount  of  relief.  By  the  use  of  a  specially 
thick  film  of  gelatin  the  amount  of  relief  may 
be  increased,  and  if  such  a  film  lie  developi-d 
upon  a  film  of  collodion  tlifre  is  obtained  what 
is  kno^v-n  as  the  Woodbury  "  relief,'  which  is 
merely  a  carbon  mcture  held  upon  a  thin  fUm  of 
texturelefls  colhxlion  instead  of  upon  the  fihrnus 
paper,  as  is  customary  with  a  carbon  print. 
When  the  film  is  dry,  there  are  varying  thick- 
nesses of  hr^rtl  celfttin,  and  it  so  happens  that 
such  is  cajiahle  of  roasting  consudcrable  presfiuro. 
If  the  tdief  be  laid  upon  the  bed  of  a  hydraulic 
press  and  a  sheet  of  pnro  lead  be  put  above 
it  and  presMire  applie<l  (the  precaution  Ixin:; 
taken  Uy  prcM nt  the  lead  flowing  laterally ).  a 
perfect  mould  will  be  made  of  the  relief,  and 
without  damage  to  the  jrflatin  picture.  The 

•i  .liii  relief  can  he  readily  removed  and  the 
,  rt'i^ult  will  lie  an  intugliti  copy  in  lead.  If, 
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when  the  carbon  print  has  been  remoTed,  the 

Hpaco  left  13  Glled  up  with  a  solntion  of  gelatin 
containing  pigment  and  this  cclatiii  is  allowed 
to  set,  to  alt  intents  and  pozposes,  the  condition 
is  the  flame  as  it  was  in  the  mst  tnatanoe.  except 

thit  one  filliir^  in.itfrial  was  dry  gelatin,  and 
the  other  is  wet  i^elatin.  li  we  allow  this 
gelaiin  to  net.  iittnohing  to  it  previously  some 
suhstanoo  hy  which  it  can  pventually  be  with- 
drawn, a  print  will  bo  produced  similar  to  the  one 
used  for  making  the  mould.  The  latter  wa«  a 
carbon  print  produced  by  the  agency  of  light, 
and  now  from  a  leaden  intagUo  plate  or  mould  a 
similar  rarhMm  print  is  ohtaiaod,  purely  by 
meohanical  meaoa  aod  without  light  action. 
When  onoe  the  leaden  rdief  is  piodneed,  prints 
afe  readily  made  merely  by  pouring  into  the 
nioi4d  a  solution  of  gelatin  containiQ|(  pigment 
anitablv  adjusted  as  to  quantity,  plaomg  on  the 
t  op  a  "^lioet  of  paper,  and  applying  even  preesore 
alxivc.  The  excess  of  gelatin  is  squeezed  out 
at  onoe,  that  remaininq:  in  the  mowl  Mts  in  a 
short  time,  and  iii>on  lifting  the  paper  away  the 
gelatin  will  come  with  it.  A  Woodbury  print 
is  then  simply  a  carbon  print  jirniluced  niecnani- 
oally  and  ooDsists»  a«  does  *>he  carbon  print,  of  a 
layer  of  gelattn  of  Tarying  thickness,  the  only 
other  diffiTcnce  being  that  in  thi'  ea'^c  of  tho 
light-produced  carbon  picture  the  gel  it  in  is 
insoluble,  and  in  the  mochanically-produfod 
carbon  print  it  is  not.  This  procf!*^  is  probably 
the  most  perfect  of  all  the  photo-mechanical 
prooesses,  no  fax  ta  the  rendering  of  tone  is 
concerned.  Very  great  variety  can  be  obtained, 
the  colour  depending  upon  the  pigment  used 
with  the  coliitin.  The  process  Si'innof also 
due  to  Woodbury,  was  a  modification  of  thia 
method  designed  to  avoid  the  neoessity  (or 
hydraulic  prt  ssure  in  the  production  of  a  mould. 
The  plat^j  wna  formed  from  a  negative  carbon 
relief  in  gelatin  faced  with  tin  foil  forced  into 
contact  with  the  relief  by  rubber  roller  pressure. 

Vhotofjrrivwre.  A  photogravure  plate  is  a 
ilwet  of  copper  bearing  an  image  formed  by 
means  of  cavities  of  different  depths*  which 
represent  the  eradations  of  the  picture.  These 
cavities  arc  fillc«l  ^^  itll  an  ink  cotnp  t-cd  of  lin- 
seed varnish  and  a  pigment  (for  example,  lamp 
btaok).  which  ink  is  afterwards  transferred  to 
p'i)»t:  r  bv  rii.  riii-  o^  nri':--urc  in  tho  copier  plat<> 
prim  Ml     |>f    .  process   most  generally 

used  H  iliut  lv-!io',\-ri  as  t lie  Talbot-Klic. 

Anv  drawinsj  in  line  or  gradated  tones  in 
moiiofhrorno  or  colour  or  any  photograph  of  a 
imliirHl  object  may  he  rendered  by  this  proce.s.<t.  , 
Whatever  bo  the  original,  a  negative  moat  first 
be  prepared  of  the  desired  eir«>,  and  from  this  | 
in'.;itive  a  poi^ifivc  traiispfirency  is  riinl-  whirh 
should  Ik)  laterally  reversed.    If  tli<;  .-subject  be 
n  lino  drawing  the  positive  may  be  produced  by 
means  of  a  •lelatino-broniide  dry  plate  or  hy  wet 
collodion.    I{  the  neijalivo  represunta  a  drawing 
in  gradated  tones — for  example,  a  wash  drawing, 
an  firdinarv  water  colour  or  an  oil  painting  or  j 
a  photoirr  iph  of  a  natural  subject— -*t  should  | 
be  unrever.^efl  .•mii  from  it  a  p<^>sitivc  transparency 
is  made  by  the  carbon  prf>ce!«,  which  pro<lucea  t 
the  reversal  required  without  further  op<*ration.  | 

The  u>ethod  L'ives  pnibiblv  the  bi  4  ri  iMh  riiic; 
of  tone,  but  in  the  hand^i  of  a  skHfiil  ofieratora 
reveraed  positive  may  bo  made  bv  the  ilr\-|  late 
procciU.   Tho  latter  plan  has  the  advantage ' 


;  that  the  si/e  of  the  positive  may  be  varied  ftnm 
'  that  of  the  original  negative  which  is  frc(ju<  ntly 
required. 

OMiMne  oj  procMS.   The  process  of  photo- 
gravure consists  in  forming  upon  the  surface  of 

a  sheet  of  <^opper,  on  which  there  is  deposit. d  a 
fine  dust  of  bitumen  (or  colophony),  an  insohi  bie 
gelatin  image.     The  plate  bearing  the  dry 
L'elatiii  ima'je  is  plaeorl  in  a  solution  of  ferric 
1  ohiornh;  which  is  abnorhed,  when  sweUjuf^  and 
'  i>enetration  of  the  film  t  ikes  plice — the  solution 
eventually  reaches  and  then  etches  the  metal. 
,  This  process  niav  be  termed  '  through  '  etchinie. 
I  The  variou-  thicknesses  of  tho  gelatin  wbi'  h 
I  form  tho  gradations  of  the  image  determine  the 
I  commencement  of  the  action  of  the  mordant,  so 
that  in  a  given  time  different  amounts  of  etching 
are  produced,  corresponding  to  the  tones  of  the 
picture.    When  tiie  •  tchinc  is  completed  the 
gelatin  is  rerrovi  il.  the  plate  cleaned,  and  it  is 
then  reatiy  for  prr>ofing  in  the  press. 

This  gelatin  image  governing  the  etching  is 
a  negative  image,  and  is  the  'resist.'  It  is 
produced  by  the  carbon  prooefw.  in  the  ordinary 
mannrr  of  the  carl>on  })rint<T,  by  developing  on 
the  metal  a  tissue  exposed  under  the  reversed 
positive  from  the  negative  of  the  8ubj«>et.  The 
dust  coating  y  termed  the  'grain.'  It^  function 
is  to  protect  minute  area^i  of  the  surface  of  the 
metal  from  tho  attack  of  the  mordant.  A 
patch  of  uniform  tone  of  appreciable  size  is  not 
representcfl  by  an  etched  cavity  corresiwnding 
in  area  to  thf»t  patch  of  tone,  but  is  made  up  of 
a  number  of  small  ones,  undistinguishable  as 
separate  elements  by  the  nnaided  eye. 

Failing  thi^  condition — however  it  maj*  l)C 
produced — in  the  plate,  the  printing  ink  could 
not  be  held  prior  to  transfer  to  the  paper  which 
j  forms  the  final  support  of  the  image. 

The  *  grain  '  is  pro<iuced  by  exposing  the 
I  plate  in  a  box  which  contains  suspended  m  ite 
!  atmosphere  very  finely  divided  bitnmcm  or 
'  colophony.   The  *  graining  box '  must  bo  of 
j  con.siderable  volume  and  large  in  horizontal 
sectional  dimensions   in   proportion  to  the 
dimensions  of  the  copper  plate,  in  order  to 
I  enable  uniform  graining  to  be  obtained  over  the 
whole  area  of  the  surface.    Wlien  the  amount 
of  dust  deposited  is  sufficient  tin'  ]>late  is  re- 
niovrd  and  L'entlv  heated,  when  th^  prams  ?oftcn 
and  adhere  lii  mly  to  the  metal.    Ike  »ucce&s  of 

the  process  is  largely  dependent  upon  suitable 
graining  of  the  plate. 

The  copper  used  for  plate  making  must  be 

purr.  hard,  and  horaOi:ineous  thi-  surface 
planished  and  higlUy  polishtni.  The  carbon 
tissue  is  preferably  one  containing  only  a  small 
quantity  of  pigment  in  ortler  that  the  colour  of 
the  metal  may  l>e  seen  through  the  film.  Tho 
correct  exposur*'  for  the  tissue  under  the  potdtive 
should  be  ascertained  by  trial  exposttre,  develop* 
ing  such  trials  upon  opal  glass. 

The  solution  of  ferric  chloride  (which  nui<t 
not  contain  free  hydmehloriu  acid)  employed  aii 
mordant  is  prepared  by  dissolving  the  salt  in 
water  to  that  de;?ree.  of  saturation  which 
regiijters  45°BaunK'  at  ir>"'('..  and  from  (his 
solution  others  are  prepiir '1  l)V  liilution  to 
densities  r?^"".   lo'  ,in(j   }3°Ji.  Tho 

more  concentrated  (he  niurdaul  the  sluwer  the 
r  ite  of  ptuit'tnition,  A  very  concentrated  solu- 
tion may  not  in  reasonable  time  penetrate  even 
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the  thinno=it  portion  of  the  resist.  If  such  fnils. 
the  !»olutiou  is  poured  axray  ond  a  weakor  one 
employed.  When  the  ferric  chloride  reachts 
the  oopper,  •  cUrkening  takes  pUce  showiiiR 
th*t  the  etohine  hna  ttartod.  Snoh  fiction  will 
eontinnc  {<>  other  and  lighter  (nms  iis  flu- 
mordant  penetrates,  and  to  secure  this  end  the 
weaker  solutions  arc  used  svooeaaively  until 
pvfn  the  thicke.^t  layer  of  gelatine  is  penetrnte<l. 
Krrors  in  timing  or  in  the  me  of  unsuitable 
solntloii  iMd  to  Iftiilty  rendering  of  the  seelo  of 
gnMlation. 

When  the  etchinp  ifl  completed  the  nietfll 
plate  i.«i  at  once  placed  in  a  solution  of  run  tic 
soda,  wfaioh  Mrrewts  the  action  of  the  mordant. 
The  piftte  is  wmshed  in  water.  serobBed  with  a 

-oft  l.rii^h,  lini-liod  with  dilute  sulphuric  acid, 
and  Htterwrtnli*  with  turpentine  to  remove  the 
**  grain,"  again  wn^ihed  ancl  dried. 

The  plate  iw  printe«l  after  the  manner  of  a 
copper  plate  etohine,  and  in  photogmvurc  much 
of  toe  8uccei>j<  i^^  due  t<<  .^kilfal  treatment  in  thi.s 
operation.  If  only  a  fuw  copies  are  required  the 
plate  may  be  printed  at  onoe;  but  for  any 
quantity  it       necessarv  that  urfiee  ho 

Btoel  facc<l,'  in  order  to  protect  the  image  from 
wear  in  the  printing  procow. 

Usually  photojxnivure  plnte>  require  cf>n- 
m<lerablQ  modification  at  tin*  haiuL  of  a  fikilful 
cnjrravor  hyaMMUof  the  buniishcr  and  rouh-lt^ 
and  by  a  process  of  selective  otchinc  for  \di^D 
the  pUte  is  afterwarda  specially  prepare*!. 


Ikvkkt  Halt -Tovt:  Txtaot.to  I'niNTiNc, 

A  foriii  ot  iiil^igliu  printing  con.HJ■*l,^  in 
adapt iriL'  the  rult^d  Hcreen  half-tOttO  principle 
(see  Tone  block  proff  tAtH).  A  screen  positive 
ia  made  from  an  ordinnrv  negative  (continuous 
tone)  and  from  this  po«iitive  a  print  in  made 
tipoD  copper  by  the  enameline  process  (see 
Enamdintt  printinfr).  This  print  forms  the 
n'Mist.  The  jil.ite  i  aftrr  vnd-  etehetl  in  a 
solution  of  ferric  clUoride,  and  the  etched  metal 
is  printed  in  the  eopper  plate  printing  press. 
The  cradation^  Unhi  and  shndr  nv  rendrretl 
by  dots  ol  VHnoun  ni/es  (the  nunil>er  per  unit 
area  depending  on  the  ruling  of  the  screen  em- 
ploye<l  when  making  the  Korccn  po-itive^,  a.s  in 
tho  half-lone  block  process,  but  each  etched 
oftvity  is  die  same  depth. 

Rotary  Printing  of  Lnveut  Half  Tonk. 

Instead  of  using  a  flat  surface  of  copper,  a 

cvlindi  r  of  the  inefal  may  he  ernplo-^-rri.  This 
olIeiM  toiL-iidtrahli!  advantages,  uuiHnmeh  as  it 
permith  of  the  adoption  of  the  rotnry  m<*tho<l 
of  printing  with  th«'  consequent  train  in  5p<'rd 
of  output  and  in  n-rt-ain  other  diroetions  the 
pr<Ko>is  is  useful,  as,  for  oxamplc.  in  the  illustra- 
tion of  the  less  expensive  forms  of  printed 
matter,  newspapers,  periodicals  and  the  like. 
Fpi'cial  devices  an;  u  ■  d  In  'aliii  !i  (hi'  seii.siti\r* 
coating  (fiah  glue  und  an  alkali  du  hroinatci  is 
•pplied  to  the  roller  and  a  flexiblr^  film  form  of 
half-tone  prrtHin  |K>8itivo  is  caused  to  adhere  \n 
tho  cylinder  by  a  ^iuitablu  tluid  nie(hiitn  -  is.  fi.r 
example,  minscAl  oil — which  does  not  ;ifT<  <  t  i))e 
sensitive  coatinjr.  After  cxixtsnre  to  liirlil,  the 
image  is  developed,  dried  and  I'nnniellefi. 
Those  pfjrtioiis  of  the  ndler  t.  t  oven  d  with  an 
image  are  now  varauihed  by  a  protecting  medium 


and  afterwards  tlie  roller  i-<  trtafed  with  the 
mordant.  The  printing  of  such  cylinders  differs 
from  that  employed  with  any  other  photo- 
meohanioal  proce&s.  The  machine  employed 
consists  of  a  large  cylinder  or  bowl  upon  whioh 
is  streti  hed  a  felt  blanket,  and  over  thi.^  is  fed 
tho  pajvr  from  an  endl^  reel.  The  engraved 
roller  is  supported  in  oontaot  with  the  printing 
jvqv  r  the  ])re-'?ure  between  the  two  being 
variai  le  at  will.  The  inking  is  effected  by 
supplying  the  print  in'_'  colour  to  the  rolh  r  an  it 
revolves  by  tlie  aid  of  a  brush  or  felt  feeder. 
The  excess  of  colour  is  removed  by  means  of  a 
thin  steel  knifo-etlge  blade  termed  the  'doctor.' 
which  is  caused  to  press  upon  the  roller  with 
soiBcient  pre^re  to  remore  the  saperflnous  ink 
from  tho  surface.  Tlie  pe,Ir.iir  remains  in  tlie 
etched  hollows.  The  8urface-elt«an  ]M)rtion  of 
tho  roller  next  comes  in  contact  with  tho  print- 
ing pnper,  whf^n  trnnsferenre  (;f  the  colour  frr>m 
the  cttVitK'H  tiikcs  plucc.  It  will  Im;  seen  that 
the  ste<'l  'doctor'  with  its  perfectly  smooth 
edge  replaces  the  hand  wiping  of  the  copper 
plate  printer.  Pierfeet  fitting  of  tho  two 
surfar<s.  the  'doefur*  und  the  cylinder,  is 
necessary.  The  ink  ui>ed  must  be  much  tbitmcr 
in  consistenoy  and  of  a  different  oharaeter  to 
that  »>mployed  for  ordinnrv  rnyijx  r  plate  printing 
or  the  surtace  of  the  roller  cannot  l>e  made 
clean  by  the  'doctor.*  This  method  of  inking 
iloes  not  offer  the  game  opportunity  for  modifica- 
tion as  that  used  by  the  ordinary  copper  plate 
printer,  wlm-e  craft  is  extremely  personal, 
o&ring  abimdaat  field  for  the  exercise  of  taste. 
In  oonseqaenoe,  eseellenee  of  resnlt  fn  all 

'  doctor  *  or  meehanieHlly  \v'iped  intaLdio  printing 
depends  largely  upon  the  quality  of  the  en- 
graving work. 

RoTAsr  PsnrriKO  09  pRorooBAvtms. 

•  Beiaryphotograwre.  The  method  of  printing 
ordinary  pbot4:^{r»vtire  plates  does  nut  lend 
itself  fo  speed  of  production,  and  the  result  is 

that  the  prints  ar-  re!ati'..  K  en  tly.  cspeciallv 
for  large  siaes.  Photogravur<i  plates,  as  in  the 
ease  of  ordinary  copper  or  steol  mtaglin  etohings. 

can  Ix*  printeil  xrHh  ^m  rp^ ;  upon  -(K  cial  flat- 
bed printing  mar  Innes,  when  the  wiping  of  the 
plates  is  effect-  d  h\  means  of  a  *doctor*or  hj' 
a  travelling  band  of  paper.  It  ir.,  he.wrvpr, 
foun«l  in  the  case  of  the  delicate  photogrstvure 
l>late  that  consid-  rahl«  wear  takes  place.  For 
,  some  years,  tho  rotary  principle  has  been  applied 
with  great  success  in  the  case  of  a  limited 
nuinlKT  of  fir;)!:  where  nietbods  of  producing 
the  etched  rollers  arc  carefully  guarded  secrets. 
Tiie  'invert  half  tone*  process  should  not  bo 
le^^iirded  as  the  same  as  photogra viir<',  for  the 
reason  that  'thnniLdi  etehm^  '  i.s  nt-e•■•.^ary  to 
glTO  the  choraeteri-i  ic  i  ff'-et  of  the  httter 
process,  the  etched  cavities  of  the  n.tar\  ]>]i"to 
mravure  plate, unlike  *inverte<l  half  li.nc.'  var\ mi; 
in  depth,  an  important  (lenient  m  prejdmit^L' 
the  bctautiful  effet  ts  of  tlu'  metht^Kl.  If  upon 
tho  surface  of  a  ropj>.  r  cylinder  there  be  de- 
veloped aearhori  jirint  made  h\  i-\|>i .>;iii.'  a  sheet 
of  seii-ltive  dii  iUoniati<i  ti-  'Je  iitidcr  a  ruU'd 
ser- "II  (ser-  IInff'tf>nf  prtK^f  ]  of  -i>i  ei  d  \yy^ 
(Flif.    12).    tlie    litil--  ppxliierd      whieh  are 

formefl  of  n  .idatlv  di-lnhu'ed  .  l-  im  t  nf 
:n-^.Iiih!r'    LT'  latiti-  iii  iv  Lk»  Util!--ed  ir.  ]>Ia< of 

the  bilunuu  gram  employed  in  the  TalWt-Klic 
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proces***.  Upon  this  ground^  a  carbon  negative 
image — as  in  the  Talbot-Klic  procew — is 
doveloped  and  the  roller  with  duplex  reetst  is, 
when  dry,  submitted  to  the  action  of  ferric 
ohloritle.  Tlie  roller  <i<  prepared  is  then  printed 
after  the  maoucr  previously- outlined. 

The  quality  of  result  obtained  by  the  rotary 
prncr-^  adopted  by  the  bent  firms  is  vrry  h\uh. 
the  rollers  lK«inff  <!in<rnlarlv  free  from  obviuuii 
evidi'iicTs  c>i  thi-  use  (if  till-  hand  engravers' 
tools.  This  is  lanx>  Iv  (iuc  to  the  |)erfection  of 
the  method  itself  uiid  lo  tlu*  attention  paifl  lo 
tbe  making  of  the  negativi-  aii<l  positive  and  to 
their  skilled  retouching.  The  printing  ink — 
the  medium,  pigment,  and  vi«50«ity — ^tne  paper 
used,  ami  the  speetl  of  print  iiij:  rcqiiin'  very 
careful  adjustment,  the  one  to  the  other,  and  to 
the  partioular  engraving  on  the  roDer. 

Photoqrmnre  in  colour.    IVint^  in  colours 
arc  produced  by  applying  colour  ink^i  to  the 
engraved  platoa*  which  art*  etched  more  deeply 
than  for  monochrome.    The  coloured  inks  are 
applied  to  tin-  plates  by  8|)onge8  or  by  dabbers  \ 
of  ilitTiTcnt  <v/.'-^  and  for  sni-ill  details  bygtiniii»s,  ; 
and  tho  platcij  are  wiped  by  the  usual  muslin  i 
and  aliio  by  tho  soft  portion  of  the  printer's  hand.  | 
Tlxe  transfer  of  the  ink  to  the  pajx  r  is  cornplrtf  d 
at  one  operation.   The  process  is  naturally 
slow,  and  tho  roeults,  though  often  very  fine, 
are  costly. 

Recently,  tho  rotary  principle  has  been 
applied  to  the  production  of  photoirravTirc 
pnnte  in  colours  with  success.  Combinations 
of  fotary  photogravuie  and  lithography  for 
colouring  work  am  also  empbyed. 

'  Chromium  Pbtxtiiwi. 

II  gelatin  be  placed  in  a  cold  solution  of  an 
aUcati  cUeluromate,  the  body  swells*  behaving  in 

the  same  manner  as  wlien  immersed  in  water. 
If  the  swollen  mass  be  dried  and  kept  in  the 
dark  without  sjK'cial  precaution,  no  alteration 
takos  plaoe  which  materially  affects  the  proper- 
ties of  the  gelatin  except  after  some  hours. 
The  period  of  immunity  from  cliaiiuf  l,'irr'<  Iv 
depends  upon  the  temperature  and  the  amount 
of  moisture  present  in  the  maas.  In  warm  and 
especially  during  damp  wenthr-r.  a  material 
ohaiige  may  take  place  in  V2.  hours,  and  the 
IMUlt  of  that  change  is  that  the  gelatht  has 
reduced  some  of  the  chromium  salt^  the  mass 
has  loist  its  yellow  colour  becoming  dull  orange, 
its  absorption  capacity  for  water,  aiui  th"  in- 
crease in  volume  ooosequent,  is  lowered,  aud  the 
temperature  at  which  the  body  when  swollen 
in  ^VBter  pas,scH  from  the  'gel'  to  the  liquid 
hlatc  is  raiseil.  As  time  goes  on,  the  changes 
in  tho  normally  dry  chroniated  mass  increases, 
with  the  result  that  the  gelatin  almost  wholly 
refuses  to  absorb  water,  and  it  will  not  diissolve 
at  increased  tempeiftture — ^the  gdatm  has 
become  insoluble. 

If  the  diohromated  gelatin  fie  kept  in  a 
cool  and  dry  atmosphere  it  will  remain  prac- 
tically in  it«  original  state  for  several  days ; 
and  with  c  Mnj'kto  desiccation,  no  change  of 
nior^^nt  can  be  observed  after  many,  ^weeks' 
»tor:ij;<'. 

Tho  chaiij.'!'  in  appearance  an<l  bchaviour 
thw  indicated  pro(^cds  with  great  rapidity  in 
the  proscnoe  of  light,  provided  that  the  di- 


chromated  gelatin  is  onlinarily  thy.  In  the 
moist  state  the  alteration  is  extremely  slow. 
Gelatin  may  therefore  bo  said  to  form  in  con- 
junction with  a  dichromate  a  mixture  sensitive 
t<i  li;:ht.  W'luif  is  tnie  of  gelatin  holds  goo<l 
for  mauj'  other  substances:  for  example,  to 
tte  parent  feUoffen  and  to  its  primary  degriida- 
fion  prnduct  qelatmf.  1<>  albumon,  l;uhi  arabic, 
and  to  starch.  All  thi  se  t^ubstanees  reduce 
alkali  diehromatcs  in  the  dark,  but  more  rapidly 
in  the  presence  of  light,  and  yield  ri  sidues  which 
are  insoluble  in  hot  water.  Many  bodies  akin 
to  those  instanced  —  gelatin  peptone  is  im- 
portant in  this  Tespect---ieduoe  diohromates  but 
do  not  yield  Insoluble  produots.  The  feature 
which  it  is  ini]Kirt;inf  fo  notice  is  Ihe  change  in 
solubility  in  water  and  the  properties  which 
accompany  this  change,  for  upon  these  the 
interest  an<l  value  to  the  phi  itor»rjiphor  and  to 
the  photo- mechanical  worker  depend. 

This  change  in  solubility  finds  it.s  ntost 
important  application  In  the  '  carbtui  *  or 
'  autotype '  proces.s  which  is  one  of  the  most 
|K»rfect  printing  methods  empIoye<l  hy  the 
photographer,  both  on  account  of  the  faithful 
rendering  of  tho  gradations  in  the  negative  and 
the  variety  of  rffect  which  may  l>c  ])r( 'diiceil. 
In  order  to  obtain  pictures  lipy  tlii.s  process,  a 
sheet  of  pa|)crooatea  with  dichromated  gelatin 
con^fiiniti*:  in  susjK'Usion  a  suitable  pigment,  ia 
exjKiseii  under  the  negative.  The  gelatin 
becomes  changed  according  to  the  degree  of 
exposure  to  l^t,  which  is  determined  by  tho 
o|>acitiea  of  the  different  parts  of  the  negative, 
and  -iu'li  cliaiiL'cd  jzelatin  is  insoluble  in  water. 
If  after  exposure  the  sheet  be  treated  with  hot 
water,  the  unehanged  gelatin  is  removed  and 
the  insolnMo  portions  remain.  Inasmuch  as 
tiio  msoluble  gelatin  remaining  upon  the  paper 
contains  uniformly  puspcndod  pigment,  it  follows 
that  the  picture  tones  will  be  formed  by  \  iu  \  irtfr 
amounts  of  such  pigment,  the  gelatin  uctiug 
now  as  the  vehicle.  The  term  '  carbon  printing  * 
bad  its  origin  in  the  fact  that  lampblack  was 
used  as  the  pigment,  and  tills  body  is  still  em* 
ployc^l  in  many  forms  of  the  sensitive  paper  or 
tissue.' 

The  sensitive  tissue  i>ro{)ared  for  the  process, 
is  made  ^ly  coaling  the  surface  of  >iiila]ilo 
paper  with  a  mixture  of  gelatin,  sugar,  and 
colouring  matter  in  water  to  which  an  alkali 
dichromate  is  added.  Tho  machinery  employed 
for  t  he  purpose  is  pimple  in  character,  the  paper 
being  merely  druuii  ar  ni'^s  the  surface  of  the 
mixture,  which  is  kept  liquid  by  heat,  the  speed 
of  travel  with  any  preparation  determining  the 
thiclcnrs??  of  coaling.  The  paper  is  afterwards 
Husjieiidcd  in  a  room  through  which  a  current 
of  air  is  pHssing.  After  drying,  tho  tissue  is 
•sensitive  to  light.  If  the  dichromate  bo  omitt<Hl. 
in.sensitive  tirt.sue  resultv^.  Both  forms  arc 
manufactured  in  large  quantities.  Tissue  is 
produced  in  a  large  variety  of  colours,  and  oare 
18  taken  by  the  makers  to  use  oidy  pigmmts  or 
mixtures  of  pigment*  which  are  permanent  in 
light.  When  such  rule  is  folio we<1.  carbon 
prints  are  perfectly  pi'rmanent.  Tho  irvsensitive 
tissue  may  be  .sen.sifised  hv  immersion  In  .in 
aqueou.s  solution  of  potassium  dichnimjitu  ailer 
which  opcrat.ion  it  is  dried.  The  concentration  of 
such  solution,  which  vanes  between  1  and  5  p.a. 
exercises  a  marked  influence  on  the  otiaraeter  of 
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the  prmty  thfl  oonttast  deoreaaing  aathe  amoimt 
of  (lichroniate  is  ^nreas^. 

Wlicn  t!if  <h<'vt  of  .-^riL-ilivc  (issue  is  cxpuscMl 
uuUer  a  uegative,  ail  portions  oi  the  Muitaco  oi 
the  tisrae,  exoept^  those  under  »l]0obt<>ly  u[Mquc 
parts  of  thi'  lu-gativc,  arc  changed,  ftnd  tlicru  is 
formeU  thurofore  a  hkm  which  \&  insulublo  in 
wat«r.  Such  skin  acta  as  «  pioteofcive  coating 
ajrfiiiisi  the  action  of  the  warm  water  used  in 
rtJiuoviug  the  Hotublc  portions  in  development. 
If  such  an  exposed  print  bo  placed  in  uarrii 
«»ter  the  eolttble  layer  wmaining  under  the 
exposed  portioiw,  vie  that  fai  oontaet  with  the 
paper,  disMiKxs,  and  there  is  then  nothing'  to  hold 
the  insoluble  parts,  which  therefore  leave  the 
paper  and  no  picture  is  produced.  How  to 
meet  this  ditlitulty  n*ns  onn  of  the  problems  in 
the  early  stage**  of  the  devclupment  of  the 
process.  Suoh  difficulty  is  now  avoided  in  a 
simple  manner.  If  the  exposed  sheet  be  placed 
In  cold  wftt«r  together  with  a  sheet  of  glass  and 
the  gelatin  siirfncc  (wliich  whs  in  contact  with 
the  negative)  is  fixed  upon  the  glaas  and  the 
two  are  afterwards  picanod  together  by  means 
of  a  squeegee  r^(j  a.s  to  t  xcliulc  all  air,  the 
gelatin  paper  will,  after  standing,  adhere 
tenaciously.  If  the  tissue  so  mount^'d  l>e  now 
placed  in  hot  watiT,  tho  pap(*r  cnn  Ix^  Gripped 
away  uad  vvililuttvc  the  gelatin  ma^s  adhering. 
By  gently  laving  the  soluble  gelatin  washes 
away,  leaving  the  insoluble  gelatin  behind. 
This  piotme  forms  a  transiwrency,  and  suofa  are 
of  considerable  value  for  the  variou.-^  purposes 
for  whioh  positive  pictures  upon  a  transparent 
bass  are  required.  If  instead  of  using  plain 
clean  plass'  a  shft't  which  has  hern  poli.shoil  \nth 
a  cloth  muist^neil  ^^'ith  a  turpentine  solution  ol 
resin  and  beesu'vx  is  employed,  the  dried  picture 
may  after wartls  be  transferred  to  paper  oy  the 
Btuiple  expetlient  of  pressing  into  contact  a 
sheet  of  pajxjr  which  has  been  coated  witii 
aelatin,  the  piotuie  surface  and  the  gelatin 
being  moist  at  tlie  time.  On  dry  in  g  afterward^ 
the  pa|H  r  reatlily  peels  away  leavin;^  the  picture 
in  perfei-t  contact.  The  Hrst  method,  when  the 
SQllaoe  upon  which  the  picture  u'as  developbd 
forms  the  final  resting  place  for  the  i ma !_'<•,  is 
termed  '  single  transfer ; '  and  the  second,  when 
saoh  support  (termed  '  teiBjptHNuy  sn|qpCMrt*)  is 
only  an  intiirmediaiy,  the  image  being  tians* 
ferred  tn  another  medium,  in  called  ^double 
transfer.'  It  will  be  seen  that  in  the  first  case, 
the  imago  is  laterally  inverted  and  if  such  in- 
version be  objeotionable  a  reversed  negative 
must  Uf  u.>ed.  But  in  many  cases — as  for 
example,  in  studio  portraiture — it  is  not  con- 
venient to  males  reversed  negatives,  and  so  the 
double  transfer  pn>crfH  mu->*t  he  used. 

Ib  onler  to  secure  adhesion  of  the  exjiosed 
iiasne  to  the  support  it  is  necessary  that  its 
outer  margin  be  taolcy.  The  g^atin  must, 
therefore,  be  unaeted  upon.  This  is  secured  by 
rcnderiur,'  tlie  margin  of  the  negative  opaque 
either  by  means  ol  Uack  varuiah  or  by  opaque 
pap^r  applied  to  the  glMt  side.  This  la  termed 
^Im>  *  safe  ediz*-.' 

When  the  t^xpo^ed  and  inoisteuod  tissue  is 
*a(|lieegeed '  down  upon  glass  all  air  between 
the  surfaces  is  excluded  and  they  adhere  by 
atmospheric  pressure.  Any  smooth  imperme- 
able medium  may  therefore  act  as  a  temporary 
wpport.  iTinely  ground  opal  glass  is  the  most 
T«u  IV.— 


generaUy .  used,  the  white  surface  being  an 
advantiB^  beoauff^  it  enables  the  printer  to 

jud;.;e  w  limi  \  einpment  is  complete.  The 
o^Mil  receives  a  preliminary  tilm  of  wax  and 
resin  and  upon  this  snrfaoe*  the  carbon  tuwue  is 
develoiM-d.  If,  however,  tlie  film  is  to  remain 
on  the  upal  this  treatment  is  omitted. 

The  Imal  support  for  the  image  in  the  dou  bio 
transfer  process  is  generally  paper,  ^v[lich  i"^ 
prepared  by  coating  the  surface  \*ith  gelatin 
containing  a  small  quantity  of  chrome  alum. 
The  carbon  image  ia  moistenetl  together  with 
this  paper  and  the  two  are  brought  mto  intiniate 
contact  by  the  squeegee.  The  two  .'surfaces 
adhere  so  tenaciously  on  drying  that  when  tho 
paper  is  pulled  away  from  the  support  the  image 
is  found  to  be  firmly  attached  I  wtcad  of 
opal  t;lass  a  temporary  support  ol  paper  may  be 
u.st.'<l  (Sawyer's  temporary  flexible  support),  pre- 
pared by  coating  strong  {Mtper  with  a  solution 
of  gelatin  containing  chrome  alum,  and,  after 
drying,  with  an  aqueous  alkaline  solution  of  lac. 
The  paper  is  afterwards  rendered  smooth  by 
calendsnng.  Suoh  support  is  vary  convenient, 
and  must  be  used  when  it  is  desired  to 
transfer  the  image  to  a  rvjid  final  support. 
When  a  reversed  negative  can  be  employea,  the 
imago  may  be  de\  elojx d  directly  upon  the  paper 
which  formij  the  iiuai  support.  >juch  jMper  is 
tirst  rendered  impermeable  to  air  by  coating 
withgelfttin  solution  containing  chrome  alum, 
and  such  coating,  when  drv,  is  inaolnble  in  the 
hottest  water  ever  lequired  for  developiiient  of 
the  tissue. 

As  oarbon  tissue  shows  no  visible  cliange  on 

exposure,  the  time  irJ  determined  hy  trial,  ar, 
actinometer  being  used,  the  indications  oi 
which  serve  lor  suhssquent  prints,  wh*  n  the 
correct  exposure  has  onco  been  found.  The 
precisu  procedure  for  the  production  of  a 
carbon  print  by  the  simplest  process,  that  of 
'single  transfer,'  is  as  foitows:  the  negative 
first  reoeives  a  safe  edf^e  and  a  tissue  is  exposed 
for  the  correct  period.  .\  sheet  of  transfer 
ptt^Jer  previously  welt  soaked  lu  cold  water  is 
placed  in  a  tank  of  water  at  ordinary  tempera- 
ture and  the  eTp<)fed  tissue  is  introduced  and 
this,  when  moist,  is  brought  exposinl  side  down 
upon  the  transfer  paper,  the  two  are  With- 
drawn nnd  placed  upon  a  flat  surface  and 
squeetT'  ed  t ouet her.  after  whieh  they  are  allowed 
to  stand  uniler  slight  pressure  for  10  minutes. 
The  mounted  tissue  is  afterwards  put  into 
water  at  39".  When  the  soluble  gelatin  oosea 
from  the  eflr.'e.i  of  thr*  tissue,  the  backing  j)a|X'r 
is  gently  pulled  away  and  water  is  carefully 
lave<l  over  the  siu^acc,  until  the  image  is  fully 
develo|K'd.  The  print  is  then  rinsed  in  cold 
water.  It  is  now  placed  in  a  2J  jnc.  aqueous 
solution  of  alum  for  a  few  minutes, after  which 
it  is  washed  again  in  cold  water  and  then  dried. 
The  dried  picture  is  ready  for  mounting  or  may 
be  kept  unmounted.  The  procedure  is  idt  ntit  al 
for  double  transfer  pictures  develo|)ed  upon  u 
temporary  support.  To  tran^f^  to  the  final 
sup|x>rt  the  picture  is,  after  dryinjj,  noaked  in 
cold  water  for  5  minutcH.  The  linal  "^upjx^rt, 
which  has  been  soaked  in  cold  water  until  quito 
soft,  is  placed  together  with  the  print  in  uatcr 
at  25*,  where  they  remain  for  a  brii-f  pi>riod. 
Till'  tln.il  su[)port  is  adjusf*<l  over  the  image, 
the  two  are  rumovcd  iu  contact,  'squeegeed,'  and 
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allowed  to  di-y,  wlitu  ihc  traiifcler  paper  can  be 
polled  away  and  will  carrv  the  image  with  it. 

Indina  procutu  for  rarbm  pritUinif. 
A  process  termed  'ozotypi,'  introducttd  by 
M  inly,  cuabk  J  carbuu  prints  to  be  produced 
without  the  direct  exposure  of  the  tissue  to 
light.  A  sheet  of  aised  paper  is  oosted  with 
potassium  dichromato  and  u  manganese  salt 
and  dried.  It  is  exposed  under  this  negative 
and  from  the  appeuuioe  of  the  visible  image 
tlie  duniLidn  of  exposuro  required  is  judged. 
The  pritiletl  sUcet  is  wiUiiwjiJ  iu  water  and  dried. 
A  piece  of  carbon  tissue  or,  as  it  is  termed  by 


•ohitioii  of  a  reducing  agent,  and  this  is  squee- 
geed into  contact  with  the  print.  The  com- 
bination is  allowed  to  stand,  after  which  the 
*p^^ent  plaster'  is  developed  in  the  same 
way  as  an  ordinary  carbon  print.  The  redticing 
solution  u?ed  is  composed  of  uoppur  suiphutu, 
^ninol,  acetic  acid,  and  glycerol,  in  water. 

Another  method  due  to  Manly  and  largely 
used  is  '  ozobromc.'  A  print  from  the  negative 
is  first  made  upon  tdlvcr  broniide  (^r  upon 
•aO'Called  gas-light  paper  {see  page  229)  whioa  is 
thoroughly  washed  tfter  fixation*  hardened  in 
formalin  solution,  again  washed  and  dried. 
A  sheet  ui  pigment  plaster  is  scKiked  in  a  solution 
of  potassium  dichromate,  ferricyanido,  and 
bromide,  and  In  brought  into  contact  with  the 
lace  of  the  bromide  pimt  which  has  previously 
been  softked  in  water.  The  two  are  squeegeed 
t(^ether  and  allowed  to  remain  for  about 
10  minutes.  The  subsequent  operations  of 
development  may  take  two  forms.    Tlio  print 


removed  b\  a  more  rapid  dabbing  ueliou.  Inks 
of  different  degrees  of  stiflnosa  are  requited  and 
much  skill  is  neoessary  in  the  inking. 

Oil  printing  is  identical  in  principle  with  the 

Collotype  procet.^  (-'  f  Svtfticr  privlin-j  iroccs^is). 

*  Itoomoil '  is  a  modihcation  of  oil  printing 
due  to  C  Weliio»e  Piper.  A  freshly-prepared 

silver  bromide  print  is  treated  with  a  solution 
which  is  identical  with  tliat  ubed  for  the  ozobrome 
process  (v.  cmfe),  but  containing  in  addition 

orfiiniry  alum  and  citric  acid.  The  print-— 
wnien  IS  bleaelied  by  this  solution — is  treated 
with  dilute  sulphuric  acid  followed,  after  a'^hing, 


Manly,  '  pigment  plaster,'  is  soaked  in  an  aoid  with  a  solution  of  sodium  thiosulphate  and  is 


again  washed.   After  ruDOTal  of  the  ntperflnous 

fitter,  the  print  is  ready  for  inking  (jp^menting) 
after  the  manner  briefly  described  under  oil 
printing.  A  oonsideKabte  number  of  modifica« 
tions  ol  the  first  (bleaching)  eolution  have  been 

proposed  and  used. 

Bitumen.  The  changes  which  are  produced 

in  dichromnted  protrids  and  carbohydrates  arc 
not  only  utilised  in  pure  photography,  but  have 
very  important  application  in  photomechanical 
winting  snx&oee  which  are  described  below, 
nior  to  their  use  for  the  pur^joses  detaOed, 
bitumen  was  employed,  which  did  not* however, 
ofier  the  same  opportunities. 

Bitumen  of  Judea  (see  vol.  i.  p.  314),  if  ex- 
posed in  thin  films  to  light,  becomes  so  chanped 
that  it  no  longer  dissolves  in  turpentine,  and 
this  enables  it  to  bo  used  in  the  making  of  line 
and  half-tone  rpliof  blocks  and  in  photo-litho* 
graphy.  A  solution  of  bitumen  in  benzene  is 
applied  to  the  surface  of  a  polished  7.inc  plate, 


may  be  developed  in  Miu  on  the  bromide  print,  i  and  after  exposure  under  a  euitahle  negative 
or  the  aeted-upon  tissue  is  pulled  away  and  is  I  is  treated  with  turpentine.   The  unexposed 


squeegeed  down  upon  transfer  papers.  In  both 
cases,  development  is  the  same  as  iur  carbon 
printing.  If  the  latter  plan  is  adopted,  the 
bromide  print  can  be  utilised  again,  if  it  is  well 
washed  and  subsequently  redeveloped.  When 
the  Oflkrbon  print  is  developed  direouy  upon  the 
bromide  print,  the  bleached  image — which 
results  in  the  process — is  removed  by  means  ot 
a  .solution  of  sodium  thiosulphate  and  potassium 
ferricyanide,  followed  by  washing  in  water. 


parts  disH<.)lvo  away,  leaving  an  iraage  in  in- 
soluble bitumen,  which  is  capable  of  protecting 
the  metal  from  the  action  of  the  mordant  and 
furnishes  therefore  the  means  for  etching  into 
relief  as  described  under  the  heading  ol  Lmc 
etching. 

If  the  bitumen,  as  it  occurs,  be  powdered  and 
digested  with  ether,  a  portion  of  the  mass  is 

dissolved  leaving  an  insoluble  residue  which  is 
i  soluiile  in  turpimtine.   A  solution  made  from 


Gum   diehromale.    In  this   proeees  gum  I  bitumen  so  prepared  yields  films  <rf  a  much 


arabic  replaces  gelatin.  The  sensitive  surface 
is  prepared  by  coating  paper  with  a  solution  of 
gum  unibio,  potassium  diehromata,  and  pig- 
ment. The  paper  is  exposed  under  a  negative 
and  afterwards  developed  by  washing  in  warm 
water,  the  operation  of  removing  the  soluble 

Krtion  being  frequently  assiBted  by  attrition, 
this  metiCad,  th»  rendering  of  gradation  is 
imperfect,  bnt  the  results  in  the  hands  of  tasteful 
antl  capable  workers  are  frequently  very 
pleasing. 

Oil  PrinttP.!.  A  sheet  of  dichromated 
gelatiu-coated  pu|>eL'  \a  c^jxisod  under  a  nega- 
tive, washed  in  cold  water  and  dried.  It  is 
then  soaketl  in  water  until  the  image  is  in  relief, 
when  the  print  is  removed  and  the  superfluous 

Water  removed  by  a  t  h  an  >  loth.    If  a  brush  ,  .  ^  ^  ,     ,  .   

charged  with  a  varnish  pigment  (lithugraphio  j  ferred  to  the  stone  horn  yrhiok  prints  may 
printing  ink)  be  applied  to  the  damp  print  with  I  afterwards  be  produced.   Such  copies  are  photo 

a  dabbing  motion  the  ink  will  i>e  tnken  hy  the  lithocrnphs.  Any  drawing  in  pure  line  or  in 
tones  of  the  print  in  proportion  to  the  degiee  continuous  tone  may  be  reproduced  in  thia 
of  insolubility — in  proportion  to  the  light  action,  way.  Two  methods  axe  adopted — direct  and 
A  slow  nmtinn  of  ilu-  ItuhIi  uill  deposit  ink  ;  transfer.  Thr  nr2;afivp3  most  «nitable  for  the 
which  may  ut  Let  \turds  bo  partially  or  entirely  '  production  oi  prmts  iu  line  are  made  by  the 


higher  degree  of  sensitiveness  than  ordinary' 
bitumen,  in  spite  of  this  and  ol  other  methods 
(combination  with  sulphur)  for  enhancing  the 
sensitiveness,  (he  body  is  relatively  insensitive 
as  compared  with  dicuromated  mixtures  and  ia 
now  practicnllv  out  of  use  eonept  ibr  eert^n 
photolithographic  processes.  • 

iSUBFACE  FnOCKSSES. 

Fhoto  lithography.  A  lithographic  print  ia 
a  picture  in  varnish-ink  produced  from  the 
surface  of  a  calcareous  stone.  Ordinarily,  the 
design  upon  the  stone  which  produces  it^ 
selective  attraction  for  the  ink  upoit  the  inking 
roller  is  produced  by  drawing  upon  the  surface 
with  a  tatty  inedium,  but  the  original  design 
mjiy  be  copied  by  photugr;i]iliy  and  trans- 
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Collodion  TCocesa.     The   negatives   must   bo  ally  iti  thf  selection  of  the  stone  and  preparation 

reversed.    For  the  'direct'  process  Uic  biirfuct;  ol  tlje ucgative, and  find«  its  mo^t  u.s«.fu]  uppiicu- 

cd  it  well- polished  lithoffrapliio  Btoue  is  warmed  tiun,  not  for  monochrome,  vherti  the  copieti 

and  iB  then  coated  evciJy  with  a  solution  of  ii.sh  li-iul  to  ^'hovv  a  flat  scale  (  f  prad;iti(»n,  l»ut  for 

^loe  (or  iilbuineii)  ami  uu'Uiouiiuu  dichromate  pholo-chroiuo  lithography,  lu  wliich  a  number 

in  mior.    The  tilni  should  be  thin.    Alter  of  8euarat«  impressions  in  dilfeient  coloured 

drying  the  stone  is  ready  for  exposure.    For  inks  from  different  stones  are  superimposed, 

smaU  subjects  an  ordinary  ^lass  negatiTe  may  after  the  manner  of  the  chromo-lithographer  for 

be  \Xi>e*l,  wIuL'h  is  pres.scd  into  contact  iu  a  the  production  of  piotnneB  IB  edoor  from  Uk 

rpwiaUy  constructed  frame  with  plate  fdass  ori^onal  in  colour. 

front.  It  ii  more  ntififaotory,  and  ia  indeed  |  In  the  tnuufw  prooeea  a  dieet  of  jmiw 

necessary  with  large  sizes,  to         thin  film  surface  coated  vrith  gelatin  (photolitho  paper) 

negative-^,  which  may  ho  atiauged  on  the  plate-  ,  is  immersed  for  u  few  miuutes  in  a  5  p.c.  solution 

glass  bed  of  the  frame  over  which  the  stone  is  |  of  potassium  dichromato  and  afterwwdi  dried 

then  placed.    To  avoid  the  cost  and  incon-  in  the  dark,  preferably  in  a  freely  moving  current 

venience  of  larger  frames,  the  tiim  negatives  of  aii,  in  oiUcr  to  enbure  rapid  drying.    It  i& 

mcy  be  gently  'squeegeed' into  contact  with  the  then  printed  under  a  negative  (unreversed)  of 

sensitive  surface,  using  as  a  cementing  medium  the  subject  in  line  to  be  copied,  care  being 

a  solution  of  mineral  oU  in  naphtha,  alTtraoee  of  taken  to  ensure  perfect  oontaot  of  paper  and 

wiiich  may  afterwards  be  removed  by  treat itu-iit  neyiativ*'.  and  to  avoid  undue  exiiosiire  to  light, 

of  the  surioce  by  naphtha,  followed  by  benzene,  which  causes  increase  in  the  thickness  of  the 

without  damaoe  to  the  expoeed  tenaitiye  j  Unea  forming  the  image.   After  expomre,  the 

coating.    The  film  negatives  wnich  should  be  sheet  is  placed  on  a  flat  surface  and  coated  with 

collodkni  iilma,  strengthened  before  removal  •  tranbfor '  ink  by  means  of  a  roUcr,  avoiding 

from  the  glass  plate  by  coatiflig  with  a  solution  excess.    After  evaporation  of  the  solvent,  the 

of  rubber  in  benzene  have  no  *  spring'  and  inked  bhcet  i»  placed  in  water  at  16°  (approx. ), 

adhere  euiiiiy.                                                i  where  it  is  allowed  to  rciimiu  for  a  few  uiiuutet, 

After  suitable  exposure  the  surface  of  the  |  when  it  is  removed  and  placed  face  upwards 

stone  is  coated  by  means  of  a  composition  roller  .  uoon  a  sheet  of  glass.   The  unexposed  portions 

with  a  thin  film  of  lithographic  frmufv  ink  '  of  the  gelatin  absorb  water  and  swell ;  such 

tliinned   with   turpentine   or   naphtha.    After  action  does  not  take  place  in  the  exposed  parts 

evaporation  of  the  solvent  the  surface  of  the  to  more  than  an  appreciable  extent.  Upon 

stone  is  flooded  with  watw.   On  gently  mbbtng  gently  rubbing  with  a  tuft  of  moist  ootton  wool, 

with  a  tuft  of  oot^rn  wool  the  una ntn  ti  d  portions  the  ink  wUl  leave  the  swollen  parts  but  adhere 

of  the  coating  wash  away  Ciirrying  thoir  coveriiig  to  the  e.vposixl  portions.    When  thii  proccjis  of 

of  ink,  and  there  reatains  an  imagt:  of  the  in-  development  is  complete  there  will  remain  an 

}»oiuble  li.'ih  gluo  bearing  upon  itrf  .sui-face  the  iina;^o  nf  insolubili^^ed  jzelatin  bearinv;  a  coating 

coating  of  I  fie  fatty  tran<ifer  ink.    The  stone  is  of  ink,  upon  a  ground  of  clean  v-'clatni.  This 

then  covered  with  a  solution  of  gum  arabic  in  picture — the  tran^fer — i.s  then  allowed  to  dry. 

water  which  is  allowed  to  dry,  after  which  it  it  is  afterwards  damped,  when  the  ink  image 

is  preferably  allowed  to  stuid  for  a  few  hours,  may  be  transferred  to  stone  by  the  nsiui! 

when  it  U  ready  for  tbe  lithographic  printer,  procedure. 

to  be  *  rolled  up  *  with  lithocmphio  printing  Tmnt^fers  produced  from  screen  negatives  for 

ink,  dusted  with  rena  whieh  acDieres  to  the  ink  the  production  of  snbjeets  in  continuous  tone 

image,  etched  with   very  dilute  nitric  acid,  are  only  satLtifactory  when  the  negatives  are 

•  washed  out '  with  turpentine  and  again  rolled  made  with  coarse  screen,  owing  to  the  tendency 

up  with  ink,  when  an  impMsslon  may  ba  taken  of  the  dots  to  spread,  tiri^t  in  the  expouure, 

in    the    lithographic    press.    Corrections   and  iftt  i  wardii  in  (he  inJdng,  and  finally  in  the 

ail<xiiional  matter  may  easily  be  put  upon  the  trau.-lcr  j)roce.ss. 

stone.    The  effect  of  the  treatment  to  which  The  advantage  of  the  direct  over  the  transfer 

the  stone  has  hem  sabjeoted  has  hem  to  form  proces.s  Uch  in  (hu  avoidance  of  tstretch,  a 

upon  its  snr&koe  an  una|^  in  fotty  salts  of  ne«<'^ry  consequence  with  pa]>ci,  but  in 

calcium.    Tliis  image  rejects  water  whilst  the  onlinuy  routjm    \M.rk  tlie  transfer  pfOOcsS  is 

onaflected  portions  of  the  stone  hold  water.    If  the  method  most  generally  used, 

while  the  snrbMse  is  in  a  damp  oondition.  Photo  litJuigraphf/  in  tone.    A  process  for 

varnish  ink  (pigment  and  linseed  varnish)  be  the  prodnrti.a>  nf  eontinuoua  tone  subject.*— • 

appUed,  such  iixk  will  be  deposited  upon  the  nature   ncgativcis  and  copies  of  tlrawings — 

Image  but  not  upon  the  damp  portions  of  the  depends  ui>ori  the  fact  that  if  the  thieknet/  of 

stone  where  no  fitty  s.ilt  ha.i  been  forme<l.  the  gelatin  coating  upon  a  gelatin  *  transfer' 

T'hia,  in  brief,  is  the  le.iding  jirinciple  in  the  paper  be  increa.«ed  and  contain  in  addition  to  the 

production  of  an  image   l)v  lithography.    If  diehromate  other  Bul^tanccH  a.s,  for  example, 

paper  be  laid  down  upon  the  inked  suiiace  and  sodium  chloride  and  pota^«sium  ferrieynnide, 

pieeswe  be  appUed,  the  ink  is  tnuisferred  to  the  the  film,  after  exposure  under  an  ordinary 

pipt-r,  and  the  cych  of  Operations — damping.  nf-  >li\'Mind  «i)akmg  in  water,  will  swell  and 

rolling,  and  printing — i*  r^eated  for  sufee  iuent  reticulate  in  varying  degree  aecoriimg  to  the 

copies.  amount  of  hflhi  action  pro<iuced  utidcr  the 

If  the  original  picture  to  be  copied  Ik;  in  different  jxjrtion.^  of  the  m  jative.    This  nticu- 

C4>ntiuuou-j  tone,  a  ruled  screen  neaalive  (see  latiijn  vl  the  surface  of  the  tram-fcr  m*  ari<^  that 

Et^f 'tone  tcrten  process)  oi  a  particmar  type  is  the  tilm  will  no  lon^'er  Ik-  coninuiou^  in  one 

made,  which  U  used  for  printing  upon  the  plane  but  broken  up  into  'grr  t  '  ind  if  ink. 

coated  atone  as  described.   Such  process  re-  transfer  ink  for  example,  l>e  iij.plitd,  it  will 

qnirM  coofidMnlde  attention  to  detaHa,  ctpeci'  j  adhere  to  the  image  in  isolated  masses  of 
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varyiiii;  si/.r,  which  .in'  CApalih;  of  proihiciiiji  tho 
iilueioii  oi  hhitihng.  i'hi"  "  grain  '  caa  be  vaiietl 
to  suit  the  subject;  nml  the  dner  the  detail  Im^t 
rendered,  the  lim  r  I  hi  '  ram  '  shuulrl  he.  Tlie 
ink  iinagc  ia  ev<  iituiul>  uiinsferred  to  ^ilone  {v. 
also  CoUotyp').  From  the  liuished  tstone, 
traiLsfera  oaa  bo  tftkuu  which  can  be  utiliited  in 
the  production  of  A  series  of  new  stones,  which 
after  careful  inodiiicatiou  by  hand  can  be  oin- 
ployed  iu  tho  production  of  pictureti  in  colours 
by  ohromo  lithognphy. 

Photozincography  and  pliotoalaj^raiihy  are 
proco8iie8  in  which  zinc  and  ahimnuuiti  are  uiicd 
m  plftoe  of  the  lithographic  stone  nb.  the  printing 
snrfaco,  and  the  methods  employed  Are  similar 
to  those  described. 

Collot;/p<.  A  collutyiH"  print  is  a  picture 
ia  varuish  ink  ublAia«kl  from  the  suriaee  of 
ebromatcHl  gelatin  ^iriiidi  is  Btt|»potted  tipon  a 
rigid  body,  generally  glass.  Stidi  u  j^urfiKi.'  is 
produced  by  exposing  the  dichromatud  gelatin- 
ooAtod  glass  under  a  negative  and  afterwards 
removing  tho  tinaltcnd  chromium  salf  hy 
\vashing  in  told  \vat<  r,  when  the  film  is  dried 
spoil  taneuuitly.  If  the  lilm  be  afterwards 
moistened  with  an  aqueous  solution  of  glycerol 
and  anunonia,  stioh  solutkm  will  be  absorbed, 
and  tho  gelatin  will  swell  sli;.'lilly.  If  the 
exoeti«  of  such  *  damping  '  solution  be  removed 
and  a  obarged  roller  be  passed  over  the  aaHcbt 
the  ink  from  thi;  roller  will  be  taken  by  the 
dillercnl  piirts  ol  tho  tilni  proportionally  to  the 
amount  of  light  aotioo  which  has  taken  place 
during  the  exposure  under  the  negative,  and  t  his 
ink  may  bo  readily  transferred  to  jwiper  by  simple 
pressure.  By  this  process  it  is  therefore  possible 
to  render  automatioally  by  purely  ohemico- 
physioal  means  the  jgrndatlona  of  l^;ht  and 
shade  in  the  nepativc  in  such  a  form  a.s  U>  ]»• 
u  t  d  I  s  n  ble  in  the  prin  tmg  press,  1 1  tti  in  i  ertiHt  i  n  g 
to  tomjMwre  this  prooens  with  VVoodburytype, 
where  tho  translation  i-!  nu  c  hanical,  and  with 
the  half-tone  bloc  k  pru».c»*s  where  it  is  produced 
by  optical  m<-an-, 

i'rovided  that  a  suitable  n^ative  be  made, 
any  subject  oan  be  rendered  in  collotype.  The 
plates  may  Ik-  printed  in  tho  \>u  <<,  win  rf  tin 
manipulations  are  wholly  by  hand,  or  iu  the 
machine^  where  the  damping,  inkini^,  and  print* 
ing  are  mechanical.  Th«  rati-  of  ]innting  of  the 
Ix'St  class  of  collotype  is  sluw.  The  process  is 
valuable  for  the  rta-un  that  it  is  ca[>able  of 
5*ielding  pictures  the  gradations  of  which  are 
faithful  to  tho  negative  an«l,  as  compare*!  with 
the  half  tone  block  process,  wthout  the  dis- 
turbing effect  of  the  regular  dot  formation.  The 
▼aricty  of  printing  pn]K;r  that  oan  bo  used  is 
considera  ble,  and  Ixicause  of  this  faot  the  proeess 
haa  additional  value. 

IVw  the  pr<  p. nation  of  the  printing  surface 
a  ?=h»'ct  of  plate  glarw.  I  lu  ^  inch  in  tliii  knc  s  is 
tiiiL-ly  ground  u|x>n  it»  surface  and  is  then 
flowed  over  with  a  solution  of  an  alkaline 
silicate  and  wlute  of  egg.  After  evaporation  of 
the  water,  the  piste  is  heated  to  about  60*.  It 
is  then  coolt  d  md  washed  in  cold  wat<'r  and 
afterwards  allowed  to  dry.  This  procca^s  is 
termed  'anbstratuming,*  and  it^  pur|xise  is  to 
oaurfo  a  deixj.sit  of  silica  upon  the  glass.  This 
deposit,  in  adilition  to  the  roughness  of  the 
gliuSy  oauscM  the  sul>Mrmient  iUiu  of  gelatin  to 
adhere  strongly.    XJiA  device  is  neoessaiy 


owing  to  the  mechanical  strain  upon  the  film 
caus^  by  tho  opi>rations  of  rolling  and 
printing. 

Tho  s(i!-iii'('  film  is  proiliic<  I  V;'  coating 
th«>  })late  witn  a  .solution  ui  gclaiiu  and  alkali 
diclironiate  in  walcr.  The  gelatin  used  must 
be  of  high  grade  and  of  medium  '  hardness  '  and 
free  from  witty  matter.  The  prepared  gla>M  is 
warmc<l  and  Icvt  llc-d,  and  tlu  n-quisite  quantity 
of  the  solution  is  poured  uuou  the  surface  and 
sprMd,  preferably  by  the  clean  ftateer.  Dryinff 
must  take  place  by  evaj)oration  at  an  f'lr-vat*-a 
temperature — there  is  no  iut<.ruietlirtte  setting 
to  form  a  'gnL'  Upon  correct  conduct  of  this 
drying  the  success  of  the  plate  maker  largely 
depends.  To  this  end,  tho  plate  rests  u}x>n 
levelling  screws  in  a  drying  oven,  which  is  a 
box — generally  constructed  of  wood — laige  in 
vohtrae,  and  icept  at  the  suiteble  temperature 
by  means  of  a  -team  or  Imt-uati-r  radiator. 
Gas  or  oil  heating  may  be  u^ted,  provided  that 
care  is  taken  to  prevent  tho  produots  of  com- 
bustion entering  the  chamber  containing  tho 
plates.  The  construction  of  the  oven  must  be 
such  that  there  is  no  internal  vibration  and 
that  there  are  no  'draughts.'  If^siling  these 
conditions  the  film  will  drv  with  an  uneven 
surface— a  fatal  dcfict.  The  to])  of  the  ))ox 
must  be  covered  with  a  fabric  which  will  permit 
tibe  passage  of  the  water  vapour  from  the  plates 
out  of  the  oven. 

Tho  oven  temperature,  varied  between 
40*-<J0*,  influences  the  character  of  the  film. 
When  the  film  of  gelatin  is  dry  the  oven  is 
allowed  to  cool,  and  afterwanls  the  plat<?s  are 
removed  and  are  kept  in  the  darU.  The  films 
will  remain  in  good  condition  for  1-2  days, 
depending  upon  the  atmospherte  surroundfaun. 
If,  finwt-vcr.  -loia;;!-  takes  plac(-  in  aii  artificially 
Urietl  atni08])here,  as  ui  a  storage  box  containing 
a  tray  full  of  (mleium  (chloride,  the  plates  may 
Ik!  kept  6-(i  tlays.  Deti-rioration  is  due  to 
siKditaneous  insulubili&ation  of  the  film.  For 
collot\  ]xs.  laterally  inverted  negatives  ai»  rc« 
quire<l.  In  practice,  the  plates  are  ]>rinted 
(exix)sed).  in  the  case  of  nmnW  picture?,  from 
Lda-> -platr  negatives.  Mnr-  perfect  contact 
bolwoeu  the  surf  aces  is  obtaini>d  by  printing  from 
flexible  film  negatives  ])repared  for  the  purpose, 
which  are  laid  upon  the  plate  glass  bed  of  the 
printing  frame.  By  mc-an.-v  ui  thin  tin  foil  such 
negatives  are  masked  at  the  marL^uiK  to  show 
only  the  amount  of  subject  rcquire<l.  Exposure 
takes  jilace  in  tho  ortlinary  way,  but  the  frames 
have  usually  no  bucks,  so  that  the  under  side 
of  the  film  may  Ir>  examined  in  order  to  observe 
the  progress  of  printing.  The  film  darkens  in 
propoM  !i  11  to  the  duration  of  exiKJsure.  U^nally, 
the  printer  determines  the  correct  amount  re- 
quired by  judgment.  When  the  plate  has  been 
cxjviwfd  Mifliciciitly .  it  i"--  fniov*  d,  and  i>  then 
quickly  and  evenly  iinnarj-cd  m  w  itt  i  or  il  may 
be  fIfMjded.  Wadling  continues  until  the  free 
dichromate  ia  removed,  when  tho  film  will  bo 
praotioally  without  colour.  It  is  then  dried. 
Examination  of  the  plate  before  dryiiiLr.  ai  this 
stage,  shows  that  tho  image  is  in  slight  relief 
and  that  it  is  reticulated.  A  oertain  amount  of 
'  grnin'  is  required  to  ensure  successful  printing 
at  tho  press,  but  such  '  grain  '  should  not  bo 
obvious  to  the  unaicicd  eye.  The  following 
oonditions  influence  thechacacter  of  the  'grain 
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Jdnd  of  geUtin ;  tbickne«;s  of  film ;  propor- 
tion of  diohfODiate  |)res<mt;  the  pArtioolar 

alkaline  tliihrnniiito  iHt  «l  ;  (lnin<r  tt  inptTH- 
ture ;  length  of  tjuits  t  he  plates  have  been  kept 
previous  to  ex^ofling  under  the  negative :  the 
nhjcr  Irratmont  of  th.'  fxpnscd  and  wa-hcti-oiit 
j-UU-'H  ami  ihf  ;i'l(|iiiuii  of  spircial  suits,  lu",  fur 
example,  calcium  chlurirle  and  potassium  ferri- 
oyanido  (v.  al>^o  Photo  lithography  in  half-tone). 
YoT  Bpeoiftl  purposes — ^for  example,  amongst 
othfTH.  flu-  means  o[  making  tranFters  for  half- 
tone lithography — ^plates  aie  aometimes  prepared 
to  give  a  ooane  *mm  *  hj  the  addition  of  the 
1,1 twn  namcHl  Huostanccs,  although  this  is  not 
thi'  only  method,  nor  are  they  when  used  the 
Bole  dcterDunant.s. 

Printing.    The  plate  during  printing  must 
be  in  a  damp  condition.    This  may  be  secured  [ 
by  simple  water  damping,  but  when  water  alone  | 
ia  iiaedffreqiumt  appiioation  ia  neceesary,  which 
makes  nrint  making  a  dowproccea,  and  moreover  i 
is  iiM'!il)lf  onlv  for  hjiii(I-])r<  s-i  print.    ( M  iu  rally 
water  containing  a  hjgroscopjo  substance  as, 
for  instance,  elyoerol  or  oatciam  chloride,  in  used 
with  addition  of  ammonia  which  soft'ns  the 
film.    When  the  film  is  in  a  sufficiently  utoist 
condition,  the  superfluous  sollltion  is  lOmoved, 
the  plate  is  ready  for  the  press  or  machine. 
During  printing,  the  dampuig  solution  is  re- 
ap[ili<  •!  to  the  ink-free  film  «•  leqaired  from 
time  to  time. 

Hie  printing  inks  need  mnst  be  sneeially 
pri|>iin<i  from  finely  (frovnd  lakes  and  other 
sintalilf  pigments.    No  body  of  a  grittv  eharac-. 
ter  should  bo  uswl.    The  me<lium  should  be 
linseed  varnish  of  liiL'li  quality  :  non-drying  oils  i 
and  fatty  matter  luust  be  avoided.    An  the  | 
film  of  ink  allo^t'able  upon  the  image  ig  very 
thin,  the  medium  idiould  be  '  loaded '  with  | 
pigment  and  in  consequence  collotype  inks  of  ' 
hii;h  grade  an  vt  ry  siiff.    For  use,  tli<  printer 
emjploys  as  reducing  agvut   when  retjuired 
*  midnie '  and  *thin '  unseed  vamialu 

Th'  rollers  used  an-  IratluT,  'nap'  and 
smooth,  tt.ud  also  L'elatia  coui]*«*sition  A  nap 
roller,  charged  with  stiff  ink,  is  applie<l  to  the 
plate  and  with  frequent  rolling  the  dark  an«l 
mid<lle  tones  arc  producofl,  aft<?r  whieh  the 
smooth  leather  or  composition  roller,  eoverctl 
with  thinner  inl^  is  nsed  for  the  more  delicate 
gradations.  After  inking,  the  ink  from  the 
plati'  i-^  f i.in>r<'rTed  to  t!ic  ]Nip(T  (or  soiiu  t lilies 
a  fabric)  by  pressure.  The  pa|K*r  used  must  be 
of  alMorlMriit  nature  and  oi  medium  hardness. 
Given  these  oonditions,  oomriderabk)  variety  is 

po.s»^ibie. 

CMotype  in  colour*  li  the  grain  of  a  collo- 
tjrpe  plate  is  fairly  pronounced,  it  Ib  possible  to 
transfer  a  printed  image  to  a  lithographic  stone, 
and  by  such  means  Keantiful  colour  work  has 
been  done.  Vot  buch  productions,  plates  are 
spcoinllv  prepared  from  negatives  which  have 
riiei\iA  eonsideraMe  nv 'ditication  (by  re- 
touching and  uiotiking),  s<>  that  the  gradations 
aie  made  to  coincide  as  far  a^  inxsible  witb  the 
amount  of  parlieul  ir  printing  colours  required 
for  any  region,  when  supiTimposition  of  the 
<liffir<rnt  printings  will  yield  the  hue  required.  ' 
The  Atones  formiiu;  the  series  for  any  picture 
reqniro  eonsiderabfe  correction  at  the  iiandK  nf  | 
a  coni|H-tont  lithographic  ilrunvditsnuin,  niid  it 
is  largely  owing  to  his  t»kili  that  good  resulted  are 


duo;  bonoe  the  process,  although  mteresting, 
is  little  used. 

Anot!i(  r  method  is  to  pirint  from  seveml 
pklea  ut  ."H'parate  colours  from  <iitferent  negatives 
which  have  been  mudi6e<l  by  hand  work,  super- 
iniiHi^iiie  the  i(>Iouri<l  impn  s-ions.  The  most 
|x  rfcct  uicihod  where  coilot\  i)e  is  used  is  to 
pnxluce  one  or  two  of  the  necessarj'  printings 
from  collotype  platee,  generally  in  neutral 
tints,  and  to  complete  tn©  triotarc  by  hand- 
drawn  lithographic  st<)m  s.  This  process  yields 
in  sJdiful  hands  bcautiiul  resulta.  Collotype 
has  been  employed  also  in  the  three.oou>nr 
process — for  which  it  is,  ah  initio,  unsujtaMe. 

Collotype  pure  and  simple,  by  rca^son  of  the 
fact  that  a  printing  surface  of  damp  gelatin  ia 
used — which  is  liablo  to  be  affected  by  changes 
in  the  hygroaietrio  condition  of  the  atmosphere 
— is  a  process  difficult  to  work  so  as  to  produoe 
very  oiulorm  results.  Whilst  slight  variations 
are  not  aerioua  in  monochrome  x^nting  they 
bi't-omc  so  when  colour  work  is  attempted.  For 
this  reason,  mainly,  oullotype  ip  colours  is 
diffionlt  and  in  oonseqiiaiuM  the  prodnefea  mw 
rdatively  ooatly. 

BxLiEr  Process. 

In  the  pictorial  representation  ol  any 
object  tJ»  form  is  rendered  cither  by  pure  line, 

as  IM  simjtle  pen  and  ink  drawing  where  the 
lines  may  be  assumed,  fur  simplicity's  sake,  to 
be  all  of  uniform  depth  of  odour,  or  by  ])atchefl 
of  pigment  of  varying  io^onsit  v.  cither  in  meiiin- 
chromo  or  tioluur^i,  ad  lo  a  wsmh  drawing  or  in  an 
oil  painting.  The  former  may  be  termed 
'broken'  tone  and  tho  latter,  'closed'  or 
*  continuous  '  tone.  A  third  ilivision  Ls  formed 
by  a  combination  of  both  these  methtKJs — a 
picture  may  be  formed  of  washea  of  pigment  in 
conjunction  with  pure  line.  An  impreasion  in 
printi  i's  ink  from  a  forme  of  type  matter  (the 

eage  of  this  book  for  instance)  is  an  example  of 
rokon  tones :  the  tranntion  from  ink  to  paper 
i.s  abrupt.  A  photographie  ]>ortrait  is  in  con- 
tinuous tf>ne,  there  is  no  discontinuity  in  tho 
shading  by  which  the  form  of  the  paraon  and 
surroundings  is  represented. 

I'on  drawings,  the  copying  of  which  forms 
a  very  important  part  of  tho  work  of  the  phot<i 
engraver,  are  not  always  strictly  '  broken  tone.' 
In  certain  cases  they  are  so^  as  for  example,  in 

the    so-called    iiieehanical    drawiniT.  where  the 

lines  are  of  uniform  intensity,  and  also  in  many 
othiT  expressions  of  the  pen  of  a  formal  cfaarac- 

ter.  Of  the-"  if  is  possible  to  produce  facsimiles, 
but  in  work  of  a  more  xi-sthetic  character,  the 
definition  giv<'n  does  not  apply,  for  the  reason 
that  there  is  siiading  even  in  the  lines  them-Helvcs 
and  much  of  the  beauty  of  the  drawings  depends 
upon  fiuch  variation.  Tho  ordinary  process  of 
line  engraving  renders  drawings  of  this  character 
imperfectly,  for  in  the  rendering,  the  forms  of 
the  lines  only  an?  <_'iven,and  U'^t  the  \ari)iti'.]i 
in  their  tone.  All  tiie  imea  in  the  drawing  arc 
repro<luced  in  the  printing  block,  correct  in 
form,  in  relief  and  in  the  smnn  plane.  Wien 
the  printing  ri)IIer  passes  over  the  surface  all 
tlie  lines  receive  ink  to  the  same  amount  for 
oqual  area,  and  this  ittk  i.s  ttventually  delivered 
to  paper.  The  Cfinpequenee  i?*  that  lines  of 
ditferent  intensity  in  the  original  are  repi  - 
seated  OS  the  same  intensity  in  thf^  copy,  with 
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blseaess  of  e&ot  as  a  lowilt.   It  ia  possible  by  * 
modifying  the  UnM  in  the  etched  rdiof  pl>\te  by 
inyuns  of  the  pmver  to  vary  the  area  of  niettii 
and  thus  to  vai^  the  amount  of  ink  delivered  to  . 
the  paper,  and  in  this  way  to  alter  the  intensitv  ' 
of  the  printed  line.    For  example,  a  line  whicn 

Erints  too  dark  may  be  reduced  in  width,  may 
e  qilit  or  out  up  into  dots.    In  any  of  these 
Alternatives  the  effect  will  be  to  show  a  lighter  I 
tone  in  the  print.    By  such  means  a  facsimile  ' 
of  thoeffect  oi  the  drawing  is  possible,  so  that  to 
tha  eye  the  oopy  appears  as  the  origiaal  drawing.  | 
In  oraer  to  prodnoe  a  rendering  of  the  con'  | 
tinuouij  tones  or  shading  of  a  wash  drawing  or 
a  nature  photograph  by  means  of  a  t7pe-hif;h  i 
printing  block«  it  is  neces-sary  to  bave  recourse  | 
to  a  device.    This  device  depends  upon  the  fact 
that  if  there  be  placed  upon  white  paper  a 
regularly  clisposed  aeriee  of  black  dots,  the  | 
assemblage  when  examined  at  such  a  distance  | 
that  the  angle  subtended  by  the  major  diameter 
of   the  individual  dot  is   exceedingly  small, 
the  eye  ia  unable  to  diatinguiah  between  dot  j 
and  mtertpaoea  and,  aa  a  oonaeqnenoe,  the ' 
illusion  of  a  shade  of  grey  will  be  produced, 
the  depth  of  the  tone  depending  upon  the 
proportion  borne  bv  the  area  of  the  Uaek  to  t 
the  area  of  the  white.     If  tlio  dots  are  dis- 
posed with  perfect  regularity  and  are  unifurui 
in  mid,  then  the  tone  produced  will  he  uniform 
over  the  area,  but  any  variation  either  in  dis- 
position, size,  or  intensity  of  the  black  dots, 
will  [■  ■^nll  ill  tone  difference.    Assume,  for  the 
moment,  that  blackness  and  disposition  are 
iudfonn»  then  variation  in  alee  tnU  admit  of 
there  bcdng  produced  a  variation  in  the  Bhadin<;. 
If  a  aeriea  of  tones,  say  a  simply  gradated  patch 
of  black  to  wUte,  produced  by  washing  lamp 
blaok  upon  white  paper,  \)c  imitated  in  effect 
to  the  eye,  by  applying  the  foregoing  principle, 
the  '  continuous  '  tones  of  the  patch  are  said  to 
hare  been  translated  into  *  broken  '  tone.  The 
effect  in  the  caae  of  the  lamp  black  wash  is  dne 
fii  viryinq  absorptions  of  X\v^  incident  light  by 
the  varying  amounts  of  the  pigment ;  but  in  the 
other  inatanoe,  the  effect  is  produced  by  an 
illusion — by  the  optical  dilution  of  wliite  with 
black  to  produce  different  shades  of  grey.  The 
oae  of  this  principle  is  common  in  graphic 
representation.    It  is  used  by  the  pen  draughts- 
man ;  its  effect  is  seen  in  st-eel  engravings,  in 
the  stipple  work  of  the  lithographer  and  in  the 
shading  produced   by  the  juxtaposition  of 
meohanioiuly  engraved  lines  of  uniform  or 
varying  width  and  distance  apart,  which  the 
wood  engraver  employs,  for  example,  in  the 
pictorial  representation  of  machinery. 

Oiven  the  dnt  translation  of  the  graded 
black  and  white  patch,  it  may  i^c  photographed 
in  the  same  manner  as  a  line  drawing  aadatjpe* 
high  block  produced  in  similar  fashion. 

Prior  to  the  period  when  the  modem  method 
for  the  rcndrriiiir  of  gradation  was  introduced, 
broken  tone  pictures  were  prepared  to  give  a 
semUanoe  of  shading  by  a  method  of  dntwlng 
upon  paper  havinu;  a  paste  coating  which  had 
lieen  imprc'^seil  with  a  grain,  regular  or  irregular, 
while  tlxe  surface  was  in  a  plastic  condition. 
The  draughtsman  drew  up  >t\  t!iis  ^^urf  u  e  with  a 
lithographic  crayon,  siuuiiaiing  the  siiading  of 
the  ori<?inal  drawing,  which  was  possible  by 
varying  the  pressure  upon  his  crayon.  The 


abaenoe  of  planarity  in  the  surface  gave  iaolated 
patches  (irregular  dots),  instead  oi  mooth 

tones,  which  would  have  hci  n  produced  had  the 
surface  been  flat.  The  hnished  drawing  could 
now  be  photographed,  transferred  to  metal  by 
printing  by  the  dichromated  albumen  process, 
and  afterwards  etched  tyix*  high,  or  the  drawing 
so  made  could  be  treated  as  a  lithographic 
transfer — -the  image  could  be  transferred  to 
stone  and  printed  lithographically  or  to  line 
and  printed  in  the  same  way.  Again,  if  it  was 
transferred  to  sine  of  suitable  thickness,  it  eould 
be  etched  into  relief  and  printed  by  letterproas. 

.\nnther  phase  of  the  saiiio  plan  consisted 
in  emploving  chaik-coatod  paper  upon,  the 
sttilaoe  of  which  was  printed  a  aeries  of  fine 
lines  close  together,  or  a  fine,  regular,  or  irregular 
stipple  in  black  in  addition  to  the  impressed 
grain.  These  were  known  as  '  scraper  boards.* 
The  surface  of  the  sheet  presented,  when 
examined  at  the  normal  distance  of  \'i8ion, 
a  uniform  light  grey  tone.  Drawing  was 
effected  in  the  way  described,  and  the  coating 
could  be  scraped  away,  so  lightening  any  part. 
The  printed  tint  saveti  work  in  drawin.;.  All 
parts  of  the  board  not  touched  by  the  draughta* 
man  remained  in  serai-tone  and  this,  whenTOn- 
t  ranted  \nth  the  high  light  and  shadow,  gave 
the  opportunity  of  suggesting  the  presence  of 
middle  tones  by  the  expenditure  of  less  labour 
in  drawing  than  would  have  been  necessary 
had  the  tint  been  absent.  Scraper  board  was, 
lit  one  time,  employed  for  the  majority  of 
fashion  ])latoH  and  other  drawings  for  com- 
mercial purpo.ses.  The  iUuatratioiis,  Figs,  a,  h. 


a  h  c 

Kio.  9. 

c  (Fig.  9),  arc  slightly  enlarged  representations  of 
portions  of  drawings  fMX)duced  by  this  method. 

Modem  photo  engraving,  however,  dates 
from  the  introduction  of  a  more  facile  method  of 
tran-slation,  which  is  the  optiial  method  (if  Ives. 
Such  transiatioa  is  effected  in  the  negative  in 
the  maaBsr  to  be  described. 

Proorsses. 

Line.  The  initial  stages  in  the  production 
of  a  relief  block  of  a  line  or  other  '  broken  *  tone 
drawing  arc  identi'  il  with  those  for  the  making 
of  a  direct  photo  zincograph  (v.  ante,  Photolitho- 
grnphy)  and  are  directed  to  the  making  of  a 
f.itty  ink  image  upon  the  surface  of  a  sheet  of 
aino.  Provided  that  the  metal  be  sufficiently 
thick,  the  imago  produced  for  lithography 
(aetually  riwfography  1  may  be  flchi-ii  into 
relief,  or  the  image  protlucod  for  relief  will  wtrvo 
equally  well  aa  the  starting-point  for  lithographio 
printing. 

The  processes  of  lino  etching  now  in  general 
use  are  known  by  the  names  of  the  'roller' 
process  and  the  *  dragon's  blood  '  process.  lk>th 
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of  those  roquiro  a  print  upon  the  BurfAce  of  rino 
which  is  prepared  by  exposing  the  metal* 
ooKtod  with  a  very  thin  fllm  of  albumen  (or  fiali 

glue)  and  an  alkali  dichromnt*»,  nnd^r  the  negative 
of  the  drawing.  The  exposed  print  is  covered 
with  a  tlun  film  of  greasy  ink,  the  plate  developed 
in  water,  and  when  rlry  the  image  is  da<rt«d  over 
with  finely  divided  bitumen,  which  adheres  to 
the  ink  lines.  The  rxo.  ss  of  tho  powder  is 
Ihen  cemoTed,  leaving  the  metal  dean.  The 
piste  In  now  wwrmed,  when  the  Utmnea  meltt 
and  iMi-^orpnriitofl  thoronchly  •ftith  the  ink.  The 
reaiat  which  results  is  sati^actory  for  tho  roller 
method,  but  for  the  'dragon's  blood'  process 
the  *  transfer  '  ink  used  for  coatin?  fho  pxposed 
albumen  plates  is  i^jdaoed  by  a  harder  and 
more  wax-like  ink,  and  tlw  resist  produced  is 
capable  of  standing  a  tnnre  prolonged  etching, 
which  is  an  advantage  in  that  more  relief  is 
produced  with  which  to  commence  tho  cLirnC' 
terijtic  operation  of  the  prooesa.  The  enamelioe 
process  (!>ee  Tom  prortw)  Is  also  xieed  for  the 
makins^  of  tho  resist  for  dricon'^  hlot)d  etching. 
In  the  roller  method,  the  procedure,  after  the 
reaist  is  made,  b  as  follows  t  The  plate  is  placed 
for  rt  minute  or  so  in  a  1  p.p.  solntion  of  nitric 
acid  for  the  purpose  of  removing  any  trac4J8  of 
dirt  from  the  hare  parts  of  the  metal,  after 
which  it  is  wn^hed  and  then  wiped  over  with  a 
sponge  charged  with  a  solution  of  gum  arabic. 
'Hie  plate  is  now  rolled  up  in  tho  lithocrrnphic 
manner  with  a  roller  charged  with  the  so-oalled 
'starting*  ink  whioh  is  nsaally  oorapoeed  ot 
letterpress  ink,  boe.^swax,  and  lithocrr  irihic 
varnish.  When  the  image  is  strengthened  by 
thb  '  rolling  up,*  the  plate  Is  dried  and  is  then 
dusted  with  resin — n«;nally  dragon's  Wood  is 
used — after  which  the  plate  is  again  plstced  in 
dilute  nitric  a^id.  where  it  remans  until  a  slight 
relief  19  obtained  for  the  covered  parts  of  the 
metAl.  The  plate  is  washed,  dried,  and  heated 
sli'j;htly,  the  effect  of  whioh  is  to  cause  the  war 
ia  the  ink  to  nm  over  the  exposed  edges  of  the 
liaes-Hiti  operation  requiring  sMH  end  ex- 
perience— nn-l  tho  plate  is  then  eoolcd. 

This  cycle  of  operations  is  repeat^  usually 
(oar  tfme^  inereanng  at  eaob  repetition  the 
concentration  of  the*  acirl,  tho  (\mount  of  ink, 
and  the  degree  of  heating  of  the  plate.  After 
the  operations  described  are  completed  the 
plite  is  (•lean=tcrl.  Kv-aminntlon  will  show  that 
the  lines  in  relief  have  sloping  sides  with  a'stcp- 

like  focmetioii  «s  ihowD  in  F^.  la  The^steps* 


Fro.  10. 

are  due  to  tho  successive  mdtings  of  tlie  ink 
and  subseqnent  etchinics.  end  are  only  slijihtlv 
evi«lent  if  care  and  skill  are  rmp!r>ycd  by  the 
etcher.  These  steps  are  to  be  removed  fwi  that 
(ho  lines  miiv  have  smooth  slophig sidM-  Tf  the 
rooaiog  of  the  ink  has  not  Men  properly  per- 
formed so  that  the  ddee  ere  unprotected,  they 
wID  be  ended  or^ndenot^  sad  M'a  result  the 


•1 


\  lines  will  break  away  in  the  ot^chin?  b.ith  or  nt 
I  the  least  be  defective  and  an  imperfect  rendering; 
I  of  the  dmwing  wHl  be  f^ven.  The  stepe  or 
'  shouldcr^s  '  f<->  tho  lines  nre  remove^!  bv  the 
operation  of  '  finishing.'  A  hard,  glazed  leather 
roller  is  charged  with  a  strongly  resisting  ink 
(composed  of  Lrood  lithographic  printing  ink, 
beeswax,  and  bitumen)  and  with  this  a  thin 
film  is  fipplied  to  the  surface  of  the  lines  of  the 
previooaly  cleaned  plate,  after  which  the  plate  is 
idaeed  in  dilute  nitrfe  add.  This  removes  the 
step'  near  the  snrf:\re  of  <ho  line.  The  plate 
is  washed  and  dried  and  again  rolled  wp,  but  this 
time  the  roller  b  preneed  down  dnrinff  rolltttg 
.so  ns  to  enat  the  straight  edjp  of  the  Kide  of  Ibt; 
line  left  by  the  first  finishing  bnth  and  the  plat« 
is  agaia  etohed  vntO  the  lemaining  *  shonlder '  is 
removed. 

In  the  dragon's  blood  prooo.ss,  the  plate  is 
given  a  first  etch  for  a  lonfrer  period  than  in  the 
rolkr  method.  The  subseqnent  proteetion  of 
the  sides  of  the  Ihiea  b  effseted  hy  ivliat  is  called 

a    '  bankin;::  '  of  tlie   n  -^^in.    This   bankin'^'  Jh 
maile  by  brushing  acro.ss  the  plate,  by  means  of 
a  large  flat  bmsh,  finely  powdoed  dragon's 
blood  which   is.  by  reason  of  this  operation, 
^  mechanically  held  airainst  that  side  of  the  line 
'  which  faces  in  the  opjx)si(o  direction  to  that  in 
I  which  the  brush  is  travcllinjf.    The  nmonnt  of 
bankinp  is  variwl  by  tho  angle  at  wliieh  the 
bnnh  is  held.    When  the  excea.s  of  resin  in 
i  removed  the  pUte  ia  gently  heated,  when  the 
I  rerin  melts  snffleiently  to  stfok  to  the  metal, 
nffer  which  it  is  cooled.    The  'bnnking'  is 
repeated  frr>m  the  remaining  three  sides  of  the 
platei,  so  that  every  line,  in  no  matter  what 
direction  it  may  be,  receives;  protection.  Jn 
some  cases,  extra  *  bdukjuf^s  '  may  l»e  wanted. 
The  plate  must  not  be  heated  sufficiently  tu 
cause  the  resin  actually  to  flow.    .After  the 
sides  of  the  lines  are  protected,  the  plate  is 
etchf  il.  uhcn  the  baiik<  of  resin  gradually  break 
,  away  and  tho  edges  of  the  lines  begin  to  be 
exposed.  The  plate  is  washed,  dried,  and  the 
protection  of  the  sides  npiin  perrortnerl,  :in<l  the 
etching  repeated.    Thc^e  operiitiotis  are  con- 
tinued until  sufficient  relief  is  obtainofl.  To 
secure  adequate  protection  for  the  -nrface  of 
the  linee,  the  plate  is  usuallv  mlied  un  once 
with  areaistine  ink,  the  rosin  after^eardsadhering 
to  this,  and  when  the  plate  is  heated  incorporating 
with  it. 

Aft^  rtlif  iiiiiiii  (  f  liiti..',  the  plato  is  cleaned, 
and  then  may  require  a  '  finishing  '  bath,  but 
the  *  finishing '  is  not  required  to  the  same  extent 
as  in  the  plates  produced  by  the  roller  process. 
'  Etching  is  generally  fjerformed  in  lar^e 
earthenware tronglls  support l  i  upon  rockers,  by 
[  which  a  sec-saw  motion  is  piven,  but  it  is  be- 
Oomincr  now  tlie  pracfiee  in  Iar'.;e  establishments 
to  etch  by  means  of  etchint:  machines  Mhich 
mechanically  deliver  a  spray  or  stream  of  acid 
against  the  pkte.  The  etching  is  more  quickly 
performed,  and  ih'-rr  r\r<-  attendant  terlmi'Til 
advantapes.  The  powdering  with  drac<>n'.*< 
liloful  inny  now  be  done  bv  a  special  machino. 

Till-  atlvautaLT*"  of  I b'- «1rJi<7Mn's  blrxnl  pr<if,  -.»« 
Ii<s  in  its  speed  and  ea.-u:',  coinjMrcd  with  llie 
roller  tnediod. 

Where  tln  re  are  larpe  nrea^  of  Imr^^  m.  (  if, 
I  it  is  necc«.sary  to  obtain  con.«tiderab|p  depth,  the 
'  actual  depth  lieing  mainly  dependent  upon  the 
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ttidth  apurt  of  any  two  contiguous  ink-beaiiiig 
portkraiB  standini;  in  relief.   The  Temoval  of 

the  metal  J>v  (  trliitijr  is  lcii;jthy,  and  is,  more- 
over, wasteful  of  nitric  acid,  lii  modern  prac- 
tice, it  is  the  custom  to  avoid,  as  far  as 
possihlr,  this  '  <lc»'p  '  etching  by  mTun  inf!;  the 
metal  in  the  more  open  spaces  by  means  of  a 
rapidly  rotating  cutter  in  the  'itrating* 
juachine.  . 

The  etched  plate  is  afterwards  trimmed,  and 
is  then  mounted  ujion  a  block  of  oak  ur  iimlio- 
gany  '  typo  high,'  when  it  is  ready  for  the 
priu^r.  The  aatiafaotory  mounting  of  the 
plate.H  is  one  of  the  most  serious  proMems  of 
the  bloclc  maker,  there  being  at  present  no 
entirely  good  method. 

Tone  processes  ('half-tone'  or  'process' 
blocks).  In  these  processes  we  une  the  principle 
of  translation  of  contiinious  tone  into  broken 
tone  descriix'd.  Any  pictiue,  whether  drawing 
or  photopraph,  may  "be  represented  by  the  half 
forif  pn>ecs8,  which  is  the  most  common  of 
modern  illustration  methods.  Given  a  picture, 
euoh  oonstitutee  the  iitarting-potnt»  but  if  an 
object  in  n-licf  is  t(»  Ik*  portrayf<l,  an  ordinary 
photo);raj)h  must  first  l»e  made.  E.xcept  in  certain 
case.s — where  the  range  of  contrast  in  the  subject 
is  slipht^ — this  is  the  rule.  Such  photograph  ie 
the  original.  A  secondary  negative  is  now  made 
— the  original  is  again  ]>hoto;^'raphed  —  and  it  is 
in  this  second  photograph  that  the  translation 
of  tone  is  made  into  dot  and  from  this  negative 
the  riietal  printinjx- surface  is  jirodiiced. 

To  produce  the  half-tone  negative  there  IS 
placet],  some  little  distance  in  front  of  the 
sensitive  plate,  during  the  exposure  in  the 
camera,  a  sheet  of  ulass  having  a  large  number 
of  small  ajxTtures.  the  eflFcet  of  which  is  to 
translate  or  break  up  the  shading  of  the  ordinary 
photograph  or  drawmg  into  dots  of  various  sixes 
in  pmivirtion  to  the  Iirightnenses  of  the  tones. 
This  glass  plate  is  t^-rmcil  the  'ruled  »creeii.' 
It  is  formed  of  two  plates  of  flat  taransperent 
hi;:hly  |K>lisherl  glass  which  are  cemented  into 
optical  contact.  Th«'.se  have,  upon  their  inner 
surfaces,  a  series  of  alternate  opaque  and  clear 
Vtncn  which  are  usually  of  equal  width,  and  their 
direction  forms  with  the  sides  of  each  plate  an 
angle  of  45",  but  from  (lifTcn  iit  sides  with  th«' 
two  plates.  The  result  is  that  when  the  plates 
are  m  contact  there  is  produced  a  scries  of 
square  transparent  openiiiirs.  The  number  of 
linos  to  the  linear  inch  with  different  scrt>ens 
varies  fnnn  'A}-2rA)  and  as  the  spaces  and  lines 
are  equal  we  have  lines  equal  to  ^l-,th  to  -^yh 
in.  The  etleet  produced  by  the  different 
rulings  when  the  screens  are  used  for  negative 
making  is  to  «ve  a  variable  number  of  dote  to 
the  superficial  inch,  each  dot  corresponding  to 
an  opi  iiiriL'.  Tin  t'reafer  the  number  of  dots 
Upon  unit  area  the  tiner  the  gradations  (detail) 
in  the  translation.  Tt  may,  however,  be  taken 
that  for  few  subjects  is  it  necessarv  1o  use 
screens  having  rulings  liner  than  175  liiic.-i  to 
th«>  inch, 

•Such  screens  arc  made  by  coating  the  surface 
of  gla.sa  with  a  resisting  medium  which  is  after- 
winl.H  cut  throuuh  by  imans  of  a  diamond  fwiint 
in  a  special  form  of  ruling  machine  leaving  the 
glass  exposed.  Afterwarrts  the  plate  is  su  It jeete<  1 
tn  tin-  action  of  Ii\<Ii-ofliioric  acid,  the  resistinu 
medmm  is  clearetl  awav  and  the  etched  lines 


are  then  filled  in  with  a  black  pigment.  On 
completion,  there  is  shown  a  series  of  opaque 
lines  upt)n  a  transparent  ground.  Two  sueh 
plates  oomented  in  contact  form  the  screen,  the 
appearance  of  which  is  shown  by  Tig.  11. 

The  placing  of  the  screen  is  not  a  matter  of 
simplicity,  so  far  as  its  distance  is  concerned. 
It  is  necetisary  that  the  position  be  chosen  after 
consideration  of  the  camera  extension,  the  lens 
aperture,  the  .Hcreiii  ruling,  the  subject  and  (be 
negative-making  process,  which  is  most  usually 
wet  ooUodion.  If  the  screen  be  placed  in  close 
contact,  dots  will  be  produced,  but  they  will  be 
of  e(|ual  size,  ami  nil  gradation  of  tone  will  Ik; 
lost.  The  dots  will  also  be  variable'  in  density 
with  this  uniform  size  while  they  shoirid  be 
variable  in  size  am!  tniiform  in  density.  If  the 
screen  be  placed  too  far  away  the  sizes  of  the 
dots  will  not  be  correct.  Iri  the  case  of  too 
great  distance,  the  effect  of  the  screen  for  some 
tones  will  be  lost,  the  tones  will  Iks  continuous 
again  and  if  a  further  distance  than  this  be 
taken  the  effect  of  the  screen  will  be  wholly 
lost.  In  such  a  position  the  screen  ae(«,  to  all 
intents  and  purposes,  ns  a  sheet  of  neutral- 
tinted  glass.    The  success  of  the  process  in 
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piaotice  depends,  after  correct  distancing  of  the 
•ereen  upon  exposure  (which  is  made  in  part 
with  one  aperture  of  small  sice  and  in  part  with 

one  of  much  larger  opening — a  plan  which  is 
necessary  in  all  oases  where  there  is  anv 
considerable  range  of  contrast  in  the  original) 

nn<l  upon  the  processes  of  development,  n-- 
duction  or  clearing  and  intensitication  which 
follow. 

From  the  negative  the  print  upon  metal, 
which  is  to  form  the  resist  to  the  etching  mor- 
dant, is  prc|>are<l.  Usually,  for  the  Ixst  class 
of  work,  half-tone  blocks  are  prepared  upon 
cop(>r-r,  and  the  process  employea  is  that  known 
as  the  '<'nameline'  or  'fish  glue'  mctlnxl.  A 
sheet  of  polished  copiKT  is  ooattnl  with  a  viscous 
.solution  composed  of  fish  glue  (gelatose)  and  an 
alkali  dichromate  in  water,  and  the  resulting 
film  is  dried  l)y  tjentle  heat.  The  coated  plate 
is  cxpt)se(l  uniler  the  negative,  when  the  portions 
exposed  to  light  change  and  become  insoluble 
in  water,  whilst  those  parts  under  the  dots 
remain  unaffected  and  so  retain  their  solubility. 
After  exposure,  the  plate  is  >vashed  in  cold 
water  until  all  the  soluUe  portions  are  removed 
when  the  |>latc  is  dried.  There  is  now  on  the 
surface  of  tht?  metal  a  print,  the  tones  of  which 
are  produce<i  by  dots  of  various  sizes.  The 
metal  is  strongly  heated,  when  the  print  changes 
in  character,  becoming  hartl  nnd  enameMike,  in 
wliieh  condition,  when  cool,  it  is  capalilc  of 
withhtattdin;:  the  mordant — ^ferrio  chloride — 
which  rapiiily  attaoks  the  uncovered  metal. 
U|K»n  el(  liing  the  protcct<-d  parts  are  left 
standing  in  relief,  the  uecetisary  condition  for 
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ihe  printing  press.  In  most  ca.'^oK.  the  nuto- 
niAtic  proccsB  is  usisted  by  a  prooeBi^  of  .sck  ctivo 
or  *fine*  etdiing.  If  the  tones  in  aiiy  ]>art  of 
tho  plaU'  are  not  such  as  will  pivi'  the  (lesircd 
fibaUcH,  if  for  example,  the  dots  are  too  larse, 
wliieh  means  too  dark  a  sbado  in  the  print,  uie 
remaining  portioiw  of  the  etche<l  plate  arc 
covered  over  by  a  re*iiMting  medium  a]»plie(l  by 
iiuaii.s  of  a  hrush  and  the  plate  is  .«ubinitfe<l  to 
a  further  etching.  It  will  be  noted  that  in  the 
deaerfpiion,  no  mention 'is  made  of  any  protec- 
tion to  the  side^^  of  tlie  dotn  as  the  ctchiiii: 
prooceiLs.  whilst  refcrvace  to  the  ezpiauatiuu 
of  the  mode  of  pcodoeing  line  fimtm  will  show 
that  elalMirate  preeatitionH  are  taken  to  quch 
end.  The  actual  'depth'  or  'relief  required 
in  a  half-tone  block  is  extremely  small,  for  the 
leaaon  that  the  ink- bearing  elements — the  dot^i 
— are  very  close  together.  But  lateral  action 
do(  s  takr  ])larc,  with  the.  result  that,  owing  to 
under-cutting,  the  size  of  the  dot  portion 
deereaaee  and  aa  a  oonaeqtienoe  the  ink-beanng 
capacity  is  lessened  and  so  the  dot  prints*  lijxhter. 
Allowance  is  ma<le  for  thi*i  in  the  negative,  to 
that  the  printed  dots  on  the  metal  are  larger 
than  are  requirtxl  in  the  finished  plate.  UjHin 
this  lateral  action,  modification  of  tone  by 
*  fine  etching  '  depends,  for.  if  th«'  re-etching  for 
any  tone  be  carried  far  enough,  the  tone  may 
be  bronght  to  almost  any  degree  of  lightness  m 
hhade.  Afttr  completion  of  the  etching,  the 
plate  is  cleaned  and  is  mounted  type  high  upoti 
wood. 

The  continuous  tones  of  a  picture  may  Ix? 
translated  into  isolated  elcment.s  of  a  less 
regular  order  tiiaa  obtains  with  the  use  of  the 
nued  screen,  by  means  of  a  special  form  known 
aa  the  *  metzograph.'  This  is  a  plat<^  of  glass 
upon  the  surface  of  which  pynpolxjtulin  has  been 
depoeited  by  sublimation.  The  coating  so  pro- 
duoed  takes  a  Termicniar  form  and  the  snnaoe 
is  afterwanls  etehifl  with  liydrrifiiKiric  acid 
when  the  glass  assumes  a  similar  character,  pre- 
senting a  series  of  minute  oavitirs.  the  number 
per  unit  area  on  the  '  coarseness  '  of  the  screen 
can  be  varied.  Such  a  pUito  appears  to  the  eye 
faintly  transluoent.  If  it  be  plaosd  in  front  of 
the  sensitive  surface  during  exposure,  the  tones 
are  broken  up  into  isolated  partieloH  which  are 
<listrll>uted  witli  extrciiH'  nnifnnuity  but  witlioiit 
the  mechanical  regularity  of  the  ruled  screen 
image.  The  partieles  varv  in  size  and  shape 
and  the  absence  of  the  dehnite  and  n'.rn!ar  dot 
formation  is  aa  advantage  in  the  reproduction 
of  many  claHs<>.s  of  originMB.  The  negatives  are 
employed  in  the  same  way  as  those  macle  by 
the  ruled  scrin  n.  The  character  of  the  '  texture  ' 
pro<Iuccd  by  the  two  methotls  is  showTi  in  Fig.  13, 
a  and  b.  by  which  comparison  m;i  \  be  made. 


Fia  13. 


Tkne-U)lom  printing  by  rdief  Marks.  The  , 
principles  upon  which  colour  is  rendered  by  the 


Bo-ealI'  <l  '  t hrre-cdiour  '  ]>roce8s  are  given  under 
the  heading  of  colour  photography  (v.  ante), 
and  it  is  only  necessary  here  to  show  how  these 
principles  are  utilised  in  the  making  of  ])rints 
by  letterpress.  Briefly,  the  method  consists 
in  maldng  tluee  negatives  through  colour 
screens,  one  for  each  of  the  fundamentals,  and 
from  the  negatives,  blocks  are  preparetl  which 
are  printed  on  the  principle  of  superimposition 
in  inks  approximately  oomplementaiy  to  the 
sensation  nues. 

Two  processes  are  employe<l,  tlic  indirect 
and  the  direct.  In  the  former,  ordinar^*^ ^con- 
tinuous tone  thiee«eoloar  negatives  are  made, 
and  from  tliesc  trnnsparencieR  by  contact  fmm 
which  the  three  half-tnne  dot  negatives  are 
produead.  Or,  in  the  direct  process,  the  dot 
negatives  are  made  direct  from  the  object  upon 
special  dry  plates  which  ere  panchromatic 
OrthorhroiiKillr  photography)  and  also  suital)le 
for  ruled  screen  negative  making.  Frequently 
such  negatives  are  made  uix)n  panehfomatie 
collodion  emulsion.  TIktc  is  a  >lit]rht  complica- 
tion in  making  the  neuatives  owing  to  the  fact 
that  if  there  be  printe<l  two  or  more  impressions 
one  alnjve  the  other  from  half-tone  blocks  (or 
indee<l  from  any  printing  .surface  where  the 
ctilour  is  distributed  in  the  form  of  elements  in 
perfectly  regular  order),  a  pattern  is  produced— 
the  so-called  moMi  effec^which  is  very  ob- 
jecticmable.  This  pattern  cannot  !)e  avoided, 
but  it  may  be  reduced  to  an  almost  negligible 
form  if  it  be  arrangerl  that  the  lines  of  dots 
(forming  the  half  fonc  i)icfurc)  in  the  separate 
printings  cross  at  a  particular  anyle  which  is 
secured  by  the  positions  of  the  ndcd  screen 
when  the  negatives  are  made.  The  din-ct 
process  is  only  a|)plieable  to  the  photograj)hy 
of  fiat  objects.  If  the  object  is  in  relief  the 
indirect  process  must  bo  employed.  In  any 
ca.«ie,  the  negatives  forming  the  set  must  have 
imac'f's  aci  iirati  ly  equal   in   size.    Blocks  are 

J)n'pared  upuii  cop|K'r  by  the  enamelline  process, 
luooessful  three-colour  wr)rk  is  very  laif^ly  a 
matter  of  skilful  tine  etching,  but  the  amount 
re<juire«l  is  frequently  in  excess  of  that  which 
would  Ix"  retpiiml  were  more  care  l»estowed 
upon  the  making  of  the  negatives.  The  plates, 
when  finished,  are  accurately  trimmeti  and 
iihiiiiitrd,  and  at'-  afterwards  printed  in  ink  of 
the  hues  yellow,  crimson,  and  greenish  blue.  At 
the  preeent  time,  the  sensitive  plates  obtain- 
able well  fidfil  tlf  theoretical  reqtiirenients, 
but  the  .same  cmitiot  bo  said  of  the  printing 
inks. 

On  the  Continent  more  than  in  <!reat 
Britain  and  the  United  Stat<  s.  at  the  present 
time,  a  four-colour  pro..-,  i,  criij>loyed  with 
considerable  success.  A  set  of  blocks  is  pre- 
pared by  the  three-colour  method  and  a 
fourth  liliirk  is  made  frnm  tin-  uri;_'lnal  fr'.ni 
a  negative  matle  through  the  ordinary  'yellow* 
screen,  which  is  employed  for  the  additional 
print iiitr,  the  ccjiour  bein^  jienerally  a  ^'n  y 
of  a  tone  to  suit   the  subjccl.     The  extra 

£rintinj^  from  a  block  prr|>ared  by  skilful 
ands  IS  a  valuable  aid  and  serves  to  soften 
the  crudity  of  colour  which  is  so  frequently 
a  I  ndt  ill  jiietures  produced  by  the  orthcnlox 
three-eiilour  proee.s.s. 

PrepanlioH  of  drawingtt  and  phUo/jraphn. 
The  translation  of  any  picture  by  scrren  methods 
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always  l<'aHs  to  a  flattouinp  uf  tlic  t  rmtriis). 
Although  '  fine  etching  '  o£  halt-tone  j»laUs  is 
to  a  considerabh'  extent  employed  to  nhcr  the 
app<^nmnco  of  the  pictures  as  presented  by  the 
proofs  frtjin  the  plates — of  illustrations,  indeed, 
vliich  are  not  satisfactory  to  those  who  wish  to 
use  them  even  before  they  are  reprodaoed — the 
prooese  wnnld,  to  some  extent,  be  neoessary  in 
the  case  of  l^oo  1  nriginalu  because  of  tin'  fluf  tvii- 
iug  oSLact  of  the  screen.  When  (ba wings  are  to 
be  roproduoed  by  these  methodn  and  have  to  be 
made  for  the  purpose,  allowance  is  generally 
made  for  the  reduced  coutra.st  by  forcing  the 
effect  in  the  drawing,  h^oe  ^drawingfl!,*  for 
pnicc'KH,  which  are  sfcncrally  matle  in  mofkO* 
chrome  bo<l\  colour  althouj;;h  uacful  for  the 
purpose  intended,  arc  of  little  value  afterwaid^ 
lor  obvious  8B<ithetic  reasons. 

Any  drawiniK  in  line,  even  those  made  without 
any  irLrnd  to  reprtuluction  processes,  where 
beautiful  effect  in  the  only  ounsideration,  may 
be  BueeeaafuUy  tranalateu,  but  only  by  the 
expLn<liturt!  of  extra  time  and  nkill.  I)i.s- 
n^ardiiig  pictorial  drawing!*,  mat;h  technically 
unmtMfaQtory  '  copy  '  i.s  dealt  with  in  the 
ordinary  way.  When  drawings  in  line  are 
nindf,  hourvcr,  with  a  view  to  roproduetion  in 
the  commercial  way,  t  In  \  are  generally  prepared 
in  bUclc  lino  upon  white  card. 

By  far  the  larger  amount  of  half-tone  illus- 
trations I'l  c  irTlojines  fr-pi  clidlv  thnr--?'  :di"'ivir:r 
machinery)  uiid  publicut iuiis  ul  a  ftiiiular  ct»ni- 
niereial  character  are  prepared  from  photographs 
vliirli  have  been  '  worked  up  '  by  the  draughts- 
liim,  \vhoehan;;rH  the  apjM^aranee  <if  the  original 
by  modifyins:  portions,  by  riuppressicni.  or  by 
addition,  and  tbia  to  such  an  extent  that  the 
photogniph  ia  completely  changed.  Such 
*  working  up'  is  carried  out  by  means  of  the 
'  air  bru.sh,'  a  pen«liko  tool  by  meanit  of  which 
a  fine  stream  of  air  ean  be  caused  to  project  a 
spray  of  liquid  pif^mcnt  upon  a  surfn<'»'.  the 
effect  producible  Ix-int;  entin.ly  under  control, 
and  moreover — which  i.s  the  itnportmt  ftaturo— 
with  that  smoothness  and  continuity  which  is 
a  cluiracteriatie  of  the  shading  in  a  photojrrapb, 
so  that  ih  ■  addi  t  uurk  is  in  harmony  with  the 
print.  It  is  largely  owiup;  tu  this  that  the  photo- 
engraver  has  almost  entirely  replaced  the  wood 
c  tinraver  in  the  preparation  of  the  iUustcatlons 
lor  the  be«t  claaaes  of  oatalogue. 

C.  W.  0. 
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PHTHALIC  ACID.  The  three  dicorbox^Uc 
arids  of  benzene  are  kuuwn  as  the  phthalic  acidfi. 
Of  these  the  only  one  of  technical  importance 

b  ortAopbthaUc  acid  C«H«^  J^|*  and 

thi-^  is  the  compound  wliich  is  always  understood 
when  the  name  phiMic  acid  U  usoil  withont 
further  qunlincjition,  the  meta-i  unipounil  beini: 
distin.'ir  h  d  as  }  ophiluUio  ocid  and  the  pani> 

aA  ierfphtii'tii'-  firl'i. 

OrtAnPhthallC  arid  was  lirsl  ol>tiiincd  by 
Laurent  in  ls:?0  by  t bo  oxidation  of  naplithalene 
(Annaien,  19, 3S)»  and  the  same  coid-tar  produot 


has  nlwrivK  M^-rvod  as  the  chief  source  of  tiiia 

vahmblo  acid — 

CH  OH 


I 

CH 


I      +  40,  = 

CH 


CH  CH^ 
Naphtiialens. 


CH 


yCOOH 

OH      0  t;OOH 

'*       +  '  « 

OH      C  COOH 

\SH        ( OOH 

o-i'!ittiiilic  acid. 

Similarly  other  di -substitution  derivatives 
of  benxcne  containing  carbon  chains  or  groups 
in  the  ortho-  position  yield  phthalic  u*  id  on 
(jxidatiou,  e.g.  in  addition  to  uaphtluileue  cited 
.iH<tve.  tctrarlvlornaphthAleno,  alizarin,  pur- 
punn,  o-toluic  acid,  have  been  employed,  aloQg 
with  such  oxidising  agents  as  dilute  nitrio  aoia, 
alkaline  permanganate,  chrnmic  acid,  sulphuric 
acid  (Marignac  and  others,  Annalen,  42,  216; 
06.  197;  75,  12,  25?  130,  334;  144.  71;  148, 
«M);  lier.  6.  9in  ■  7.  1057;  12,  679;  18.  MOO; 
Zeitsch.  Cheni.  [ii.j,  4,  551,705;  Ojuipt.  rend. 
56,  82;  Frdl.  1897-lflOO,  664). 

A  ▼ajriety  of  other  methods  are  known,  e.a. 
the  action  of  potassium  forrocyanide  and  sul- 
phuric a<  id  on  balicylic  acid,  or  of  formic  and 
sulphuric  acids  on  salicylic  acid ;  interaction  of 
resoroiiiol  and  sodinm  bicarbonate ;  by  the 
reaction  Ijctwfon  Vjonzyl  chloride,  carbon  tetra- 
chloride and  nitric  acid ;  or  by  acting  upon 
bMUsena  or  benzoic  acid  with  pyroluidte  and 
concimtratod  sulphuric  nnr]  in  the  eold. 

Hau*sormann  (J.  1877,  Itili,  1158)  describes 
a  method  suitable  for  laboratory  preparation, 
from  3  parts  of  potassium  chlorate  in  10  parts 
of  oommeroial  hvdroohloric  acid  and  I  part  of 
naphthaltMic,  which  mixture  is  gently  heated, 
ehlurination  tirst  taiung  place  wid.  then  oxida* 
tion.  The  produot  is  washed  with  water  and 
with  light  petroleum,  and  afterwards  10  parts 
of  nitric  acid  (spgr.  1-46)  is  gradually 
added  and  the  mixture  boiled.  When  all 
di.s.«(olve8,  the  nitric  .acid  is  evapt^rnted  nnd  the 
residue  distilled  ;  phthalic  anhy  dride  piui»cs 
over,  which  may  be  further  purified  by  sublima* 
tion.  and  reconverted  into  phthalic  acid  by 
boiling  with  oausHo  wda  and  acidifying  the  cold 
siiliitiini   wifli   iniiuifjil  acid.    The  pre*  ipit at'.^d 

{)htbalic  acid  is  best  puriSed  by  recrystallisiag 
rom  boiling  water. 

/Viv*rVa/  properties.  It  exi.-ts  in  trimieClio 
plates ;  whole  cry.<»ta]s  melt  at  218*  j  when 
powdered,  at  20,S°,  passing  into  the  anhydride. 
Sp.gr.  1 -.58.5-1 -503 ;  100  pnrt5»  of  wntrr  at 
14"  disfolvo  0-54  parts  of  acul,  and  at  UU"  18 
parte  of  acid  (C.raebe,  Annalcn,  1887,  238.  321). 
Phthalic  aoid  is  readily  soluble  in  alcohol, 
sparingly  so  in  ether  and  insolttble  in  chloro- 
furiii  (ht  iiri-  scpariiti(>n  fn~>m  b«  ir/oie  aciil);  it 
is  slightly  volatile  in  steam.  The  acid  shows 
un  absorption  band  in  the  spectrum,  but  the 
anhydride  does  not.  It  is  said  to  form  a 
outertic  mixture  with  its  anhydride  (de  SUidt, 
Zeitsch.  physiknl.  Chem.  41,  353).  For  meii.sure« 
menta  of  conductivities  reference  should  be  made 
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to  the  work  of  Jnn./^  (Amcr.  Cherii.  J.  12,  r,-2() ; 
43,  187  ;  44,  159} ;  ^iUgwick  (Chem.  Soc.  Trans. 
mo,  97,  1677);  QocllewBki  (Cheni.  Zentr.  1904, 

rlL]  1275). 

Chemizal  propertiea.    Phtli.ilic  acid  forniH  a 
laractcristic,  sparingly  solublo  barium  salt 
'  iriiu,  Annalen,  18(13,  148,  60;  Hermann, 
Annaleo,  1874,  171,  78),  and  also  forms  salts 
■i'lth  most  tnt't  ilUc  oxidea,  including  Li^ituuth, 
ntrium  (J.  pr.  (Jbem.  [ii.]  74,  142}  BulL  Soo. 
C'him.  [iii.]  31,  135 ;  J.  Rtias.  "Phyn.  Chem.  floo.  42, 
Calcium  phth:ilat<-'  on  iu-Atinu  j^ivorf  beni:«- 
phenone,  benzeao,  carbon  dioxide,  small  quon- 
tikiM  of  other  hj'drocarbons  and  antiuaqninone. 
The  acid  itself,  when  heated  with  excess  of  lime, 
uelds  benzene  and  oaluium  carbonate,  calcium 
azoate  being  formed  as  an  intermediate  pro- 
iluct.   The  acid  is  very  stable  towards  sulphuric 
ind,  merely  passing  into  its  internal  anhydride 
with  loss  of  water ;   more  strongly  heated  it 
losw  a  little  oarboo  dioxide  and  is  ralphonated. 
WHh  snlpimrio  add  it  is  abo  said  to  form 
;   lofluito  a'Mifivc  comp mod,  CjHa04-f H^SO, 
doogcwerf  and  van  Dorp,  I).  R.  P.  21352). 
Michaelii^  has  prepared  a  phthalo-arsenic  aeid 
tC0Ofl),-C,Hj  A8O(OH),  (Annalen,  320,  271).  . 
The   conotiUUion    of   the    acid    has  been 
V  .1    by    Nolting    (Ber.    1885,    18,  2fi87) 
who  by  oxidising  the  throe  xylenes  with  pcr- 
uiinganate  obtained  excellent  yiekb  of  the 
phthahc  acids.    As  mcta-xylenc  forms  three 
tsomecio  nitro-jnrlenes,  aqriidenes  and  xyienuls, 
ortho*  two,  and  para*  only  one  each  ol  these 
lit  rivstives,  therc-rirc    (so-phthalic    aoM  Iiis 
f'liitions  1,  3,  ordinary  phthalio  1,  2,  and  tere- 
phthalio  1,  4^  for  the  oareoxyl  groups. 

Phthalie  anhydride  is  f'trmed  (l)  hy  riistijla-  , 
tiuQ  of  the  acid,  (2)  by  warioiu^  the  acid  urith 
ioetyl  chloride  (Laurent,  Mangnfic),  (3)  by  , 
interaction  of  lead  nltr  itt-  and  phthalyl  chloride  \ 
I^howicz,  Ber.  1S.S4,  17,  1283/,  (4)  by  heating 
pbthalonio  acid^ — iisclf  an  oxidation  product  of 
aiphthaleno— to  200°,  (6)  diaaoiving  the  acid  in  i 
phenol,  anLfole,  or  ▼«r»troile,  containing  PjO, 
'Gazz.  chim.  itaL  30,  ii.  301),  (H)  sliakinLi  a 
^lotion  of  sodium  phthalato  with  two  molecules 
«>f  Metie  anhydride  (Gau.  eUm,  itaL  26,  iL  432). 
All  the>^«  m-thods  ai*  fepreeentod  tdtUDately  by  . 
the  equation — 

PbUialio  aohjrdride. 
e-Phthalio  .aetd  is  the  only  one  of  the 

t'.rrf  i.^irnr-rid,  s  which  gives  in  this  way  an 
itittrnai  anhydride.  A  novel  method  of  pr<v 
I^nUaon  is  given  by  Denham  (Chem.  Soc.  Tinn^j. 
11«09,  95,  1235)  from  the  interaction  of  sulphur 
inonochloride  on  th»)  sodium  salt — - 


The  auhydririn  eii.nU  as  iung.  tough  neetUes, 
m  p.  128*,  Ivp.  SRI'* ;  it  IS  very  sparingiy  j/;lubl<' 
to  eold,  more  readily  ^  in  hot,  water,  boinv; 
?radlttny  reoonvert4»d  inttj  phthalie  fu  itl  ;  in 
iilc/)h/j|  and  other  it  is  readiiv  -  Muble,  luul 
'httfikes  in  alkalis  forming  uUihaiates.  With 
d^  ammonia  it  gi\  e>)  phtbabmide  below)  •  1 
«ith  atmhoiiQ   ammonia   phthalamio   acid,  ^ 


r'JI.frONHOroOH,  m.p.  \\T ,  imd  with 
aqueous  ammonia  it  yields  aiiuiiouiuin  phthala* 
mate  C.H^fCONHsM-'OONnf,  which  on  heating 

Is  transinrmrd  into  plit haliinidr'        l  ifrr). 

Fubiun  oi  phthalit;  iiiihydnde  with  iiim'  pro- 
duces Iwnzeno  and  diphenyl  (Aunalen,  1879, 
190,  48);  with  /.inc  dust  it  gives  biphthalyl, 
C,aH|iO«,  and  with  zinc  dust  and  methyl  iodide 

yields   dimethyl   phtluilide  C,H4<^^J^^«>0. 

In  contact  with  alkaline  liydr(»gen  peroxide  it 
reacts  with  formation  of  raonoperphthalio  acid, 
COOH  C,H4  CO  O  OH  and  the  external  anhy- 
dride of  this.  Three ,  molecules  of  phthalie 
anhydride  (ombinc  with  2  moUoules  of  SbQg 
to  form  a  crvataliine  compound. 

Tim  nsnal  netliod  for  tbe  detection  of  small 
quantities  of  {ihthalic  anhydride  i.n  that  of 
fusion  with  about  twice  the  weight  of  resorciool 
in  presence  of  a  drop  of  concentrated  Bulphnrio 
af-ift.  In  this  way  fliiniT'^crln  i.n  produced  (v. 
tnjra),  ami  the  reddish  blown  product,  when 
diR9olve<l  in  dilute  caustic  sodu  and  poured  into 
a  large  volume  of  water,  yields  a  magnificent 
green  fluorescent  solution.  This  reaction  is 
shown  by  all  the  ortho-dicarboxylic  m  ids  of  the 
benzeno  scries,  altliouch  with  the  formation  of 
a  Tariety  of  coloured  solutions,  bnt  it  is  not  shown 
by  the  met  i-  <-i  ji  ir  i  lii  arb>  wlii  acids.  Suc- 
cinic anhydride  ^^ho^vs  an  analogous  reaction. 

A  method  for  the  quantitative  estimation  of 
phthalie  anhydride  in  prescnrp  of  a  nuniWr  of 
impurities  is  tle.«cribed  by  Boswell  (J.  Amer. 
Chem.  Soc.  1907,  29,  230).  It  oonsists  in  the 
careful  sublimation  of  the  anhydride  and  subse- 
quent titration  with  standardised  caustic  soda. 

Technical  Mani;facilue, 

Owing  to  the  extensive  use  of  phlhoiic 
anhydride  in  the  nianufacture  of  synthetic 
indigo  iq.v,}  and.  the  pyrunine  and  tri- 
phen^'lmetbane  dass  of  dye-stnffs,  a  cheap 
l.  rlinieal  pro.  ;'-!.s  for  its  jireparation  in  large 
ijuiutttieii  wan  eHsontial.  and  this  has  been 
II  hievcd  in  the  various  patents  of  the  l^adisclke 
Anilin  u.  Soda  Fabrik  (rf.  J  i.  H.  P.  March  31st, 
189<),  91202;  Kng.  Pat.  18221,  August  17th. 
1896;  FfdL  1894-1897,  l(Jt),  which  are  l  .scd 
upon  the  observation  that  naphthalene  is 
readily  oxidised  by  concentrated  sulphuric  acid 
containing  mercuric  sulphate,  its  oxi<le,  or  the 
metal  itself,  whioh  acts  aa  a  catalyst,  and 
that  the  snlphnr  ciioxide  formed  by  the  ndtio- 
tion  of  the  mineral  nid  1:^  rei:-, inverted  into 
sulphuric  acid  by  absorption  of  oxygen  fr*»m 
the  air,  the  whole  proccsa  being  practically 
Continuous. 

In  thy  Kngiish  {>atent  the  quantities  given 
are  aifi  foUowo : — 

KM)  kilogrnm.s  naphthalene 
1500      „        Huiphuric  acid  (li)0  p.c.  HaSO,) 

.'H)      „       mercuric  sulphate. 
In  place  of  naphtlialene,  5-iiaphthol,  na{>ht)Jf)nic 
aciti,   or   phenanthrcue   mav    bo   used.  The 
mercury  .sulphate  remains  liefiind  as  residue  in 
tile  r<'iort  an<l  is  itsod  over  and  nvrr  again. 

It  should  l>o  l>urn"  in  mind  lliiitii  f'>o  viLforons 
<'.\id:itirm  will  destroy  the  phtludic  acitl  as  roori 
OS  fiirmc<U  ami  tlicreiore  the  preparation  stu>uld 
be  oondiicted  within  well-defint'd  limite  of 
temperature— abftut  2fO*-JUK^. 
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A  detailed  account  of  the  exact  conditions  aiiliydride  whl  -h  to;j(  tht»r  collect  in  the  con- 
employwl,  with  a  description  of  the  manufactur-  ■  dens*  r.  tin-  cUar  sjiiphuric  is  tir^t  dcCAntod,  and 
mg  plant,  is  given  below.  I  then  tbt-  crude  phthalic  antoTdride  is  furthep 

^  la  a  veitical  cylinder  fitted  with  a  mechanioal ,  sepMated  oentrifugally  and  washed  free  from 
atimr,  the  foUowing  substanoea  am  mixed,  and  ]  acid.  The  product  is  dried  and  purified  by 
agitated  for  thn  o  liouirf  until  the  naphthalene  r<*.swl.limation  in  a  pan  mechanically  stirred, 
is  completely  dissolved : —  ,  and  heated  over  a  ooke  fire.   A  large  oylindricai 

3676  kiloB.  salphnrio  aoid  W*BL  reuA  serves  as  condenser.  ^The  cost  of  thi» 

lOSO    „  olcura  (23  p.a  SOt  oontent).         process,  as  worked  in  Germany,      about  one 
350    „  naphthalene.  mark  per  kilogramme  of  phthalic  anhydride. 

The  solution  (A)  so  prepaxed  is  stored  in  a  Other  lees  well-kno\^-n  methods  iniioh  tt»y 
reservoir  until  required.  have  pome  tochnical  value  for  the  preparation 

The  oxidation  TchscI  ounsistB  of  au  irou  pan,   of  phthalic  acid  are  given  below, 
hiult  round  with  bricks  and  earefnily  heated  by  :  Imrny,  of  the  Basle  Chomicnl  Works, 

means  of  gas  jets.  The  pan  posw^scs  n  rrmov-  took  out  an  English  patent.  No.  15527,  on  July 
able  lid,  has  a  flat  bottom,  a  di  uiulc  r  of  0  fuH  j  31,  11)01,  for  the  heating  of  naphthols  in  pre- 
and  is  2  feet  deep ;  a  wide  1ut><-  for  lc.i<lin^  off  '  s««iC'"  <'f  ^'  ly  slight  exochs  oi  alkali,  wuh 
the  Taponra  is  provided^  and  through  the  top  >  metallic  oxides  or  peroxides,  such  aa  oupjier  and 
jMUses  a  shirffe  connected  with  a  two-arm  stirrer,  iron  oxides  or  banum,  lead>  or  manganese  pcr- 
woilxod  mochiuuLiilly,  uliich  just  .scr:ip<-a  the  '  oxide,  to  a  temperature  of  nVxnit  240'-260*C. 
bottom  of  the  pan;  also  several  irou  marbles  i-f^r  8  hours  in  oxygen  gas  under  pressure, 
are  allowed  to  rotate  on  the  pan  bottom  to  I  Phthf^lio  and  some  benzoic  acid  are  formed, 
attract  chirred  matter,  and  a  preSSIItO  gauge  Is  ^Jf^^'*^'""  ^^''^^  f'  "'  iiit< mudiatc  products 
insorted  on  the  lid.  i^^^  J^*'"*-  1888,  21,  ItilOj.    Nut  oiilv  uauhtixols. 

The  phthslio  anhy<lride   sublimes   simul-    '^"t  nitro-naphthalenes,  naphthylamineM, 

taneously  wath  quantities  of  suliihmic  acid   ^tuI  ua^thaleno  sulphouic  acids  may  be  used 
which  distUs  over,  and  these  vapours  arc  cuii-    i''f-  D.  B,  PP.  136410,  138790,  139956,  140999; 
ducted  tlirough  a  short  pipe,  8  inches  in  diameter,    Frdl.  1JH)2-1904,  112-11.");. 
into  the  condenser,  whioii  consists  of  three  con-  l      Many  paten t>>  have  bicu  granted  for  the  use 
centric  lend  cylinders  fixed  one  within  the  other  '  ®^        of  rare  earths  as  catalysts  in  tiie  oxida- 
at  a  distance  of  about  a  foot  ;    two  of  ihc-c    tion  nf  nnphth  ilrue  by  menns- of  sulphuric  acid, 
communicate  with  one  another  through  the    i''*^  nitrates,  oxalates,  carbonates,  oxyhydmtes, 
bottom  and  open  into  the  third,  which  is  sor-  snipbatcs  of  cerium,  lanthanum,  neodymium. 
rounded  hv  an  outer  condenser,  throujjh  which   praseodymium,  ytterbium,  have  all  been  used 
water  is  cii-cuiated.    The  third  of  these  cyliiidors  *^  substitutes  for  the  mercury  in  the  original 
is  again  connected  with  a  reservoir  into  whi  li   'i  rm  m  patent,  No^  91202  («es  above).  Af 
the  condensed  sulphuric  acid  overflow.*?.    On   Qiixturc  of — 
the  lid  of  the  closed  condensers  Is  a  vacuum  25  grms.  naphthalene 

arrangement  which  conducts  off  the  sulphur         375     „    concentrated  ^mlphurie  aoid 
dioxide  as  soon  as  formed,  to  an  absorption  >        15     „    oxide  of  rare  earths 
apparatns.  evolves  gas  gently  at  lOO*  and  at  200*  a 

At  tlio  l)c;:iniiin'.;  of  the  operation  the  oxida-  viu'oroiu  cMth/iiou  of  SOj  and  COj  begins  and 
tion  pan,  containing  120  kilos,  of  sulphuric;  eoiuiiiues  briskly  until  the  thermometer  ro* 
aefd*monohydrato  and  4  kUos.  of  mercury,  is  gi.itcrn  270*.  Pan  whHe  crystals  of  phthalio  an- 
heated  for  II  hours  very  gently  imtil  all  the  hytlride  sulilimc  over  into  the  receiver  (D.  R.  PP. 
monohyilnitf  distils  over,  the  stirring  apparatus  ,  142144,  14l)ti77.  152U6;i,  168(109).  It  is  claimed 
beinff  worked  during  this  operation.  The  pre-  I  that  the  use  of  rare  cMrths  as  a  substitate  for 
pared  solution  (A)  is  now  admittetl  into  the  pan  mercury  salt.H  Ik  more  eeonomical,  as  they  can 
from  a  storage  reservoir  above,  in  portioii.s  of  always  Ix-  r(?c<ivcn*tl  from  the  re*iidue  in  the 
22  liti  i  s.  anil  the  gtt.s-heating  is  rr^Mihited  that  retort ,  although  the  yield  i.s  not  quite  so  good  aa 
each  22  litres  distils  over  in  about  13-17  minuteti.  I  with  the  use  of  mercury.  A  ptooees  for  the 
The  end  of  each  operation  is  observed  by  the  *  oxidation  of  naphthalene  by  eleotrolysis- of  a 
increased  noise  of  the  rotivting  marbles  on  ihr  olntioti  of  20  p.c.  Ruljihuric  .tcid  and  -  2  p.c, 
bottom  of  tile  pan,  and  a  further  measured  lot  of  ,  cvriuui  sulpliate  i.s  also  (icricri bed  (Frdl.  1902- 
22  litres  is  then  run  in.  I  1904.  105-107  :  D.  R.  P.  152003). 

'V]\<-  i>rorf  --  T>  ciinnnu"  d  until  the  pan  eon-  The  obwrvation  that  naphthalene  is  soluble 
tiitus  &o  laucli  t  iiaired  (uatttu  that  it  is  advi.sable  iti  boiling  water  ha*  bc-en  utilised  by  Proch^ka 
to  dean  it.  The  progress  of  the  anhydride  forma-  N  Bcr.  1897, 30,  3108)  for  its  oxidation  to  phthalic 
tion  i.H  controlled  bvgas  aoalvsis,  the  amount  of  acid  by  means  of  hot  permanganate.  Almost 
CO3  evolve<l  being  detcrminen  from  time  to  time,  i  theoretical  romilt.s  are  ol)taine<l,  phthalonio  acid 
When  the  COj  e  .ni. nt  m  a  s  0  *>  <>-S  p.c.  the  !  being  produced  a>  an  i1it< nnediate  8tag<'.  The 
addition  of  napUttxalenu  solution  (A)  is  dis-  ;  reduction  of  permanganate  ia  very  rapid,  and 
continned,  and  in  this  emergency  tliiree  tines  :  the  best  results  arc  obtained  when  a  large  exeess 
the  Volume  of  sulphuric  arid  of  <Mi°  Be.  is  admitliHl  f/f  naphthalene  is  eraployed.  the  unehangc<l 
and  ilistilled  away,  after  which  the  vessel  is  hydrucarfxm  being  l  asily  iewjv»>red  ;  100  ermn. 
.ag  un  roa<^  for  2  or  3  da]ra' continuous  working.  con)mt  rcial  perniangaaato  yield  17  ^rins. 
Should  tine  i'A).,  -i«s-c'mtent  reach  I  ]>.c.,  the  phthalic  acid,  ttu>  thuorotioai  yield  being  19 
work  is  interrupted  f'lr  a  c(unp!ete  cleaning  of  L'rnis. 

the  vessel  ;  the  pan  is  ht  atetl  until  perfecdv  The  Ba.sler  (.^heni.  Fabrik  have  t  iki n  out  a 
dry,  tlie  lid  opened,  and  charred  matter  chipi)ed  patent  (1>.  K.  P.  130410 ;  Frdl.  lOUO-1902. 
from  the  interor.  1301)  for  the  manufacture  of  phthalic  acid  to- 

T«>  oeparato  tho  snlpfauric  acid  and  phthnlio  >  gcthsr  with  benzoic  «Mttd  from  a-nitro-napthaloie 
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aad  nitrophonola  hy  the  action  of  alkalis  under 
pressure  and  in  a  <iilutiuu  medium  such  oh 
common  wilt. 

Esters  of  phthaUo  aeid  u  itb  mmt  of  th«  kaowii 
aicx>hoLH  have  bwn  pre|)ar<Hl  in  the  usual  ^vay. 
The  dimethyl  ester  distils  at  2807734  mm. ; 
<iiethyl  oet«r  at  295" ;  dipheoyl  ester  meiu  at 
73*;  benzyl  add  Mter  has  iii.p.  106M0T*, 
affording  a  good  characterisation  of  benzyl 
akoikol;  cyolobezanol  acid  ester,  m.p.  99**, 
neattal   eater  66*.   Various  eaters  of 

phthalic  acid  are  usr'd  as  Kolvcnts  for  resins, 
e.0.  copal  resin,  which  neetl  nut  be  mulled  to  be 
diMclv.  .1  (Hetne,  D.  R.  P.  227607). 

Pickard  has  accomplished  the  raaolution  of 
various  complex  alcohols  into  their  optically 
active  components  by  makiiiu  the  ac  id-(  ;'t<  r 
by  simple  fusion  with  phthalic  anhydride  and 
eombiniTtii;  this  with  active  bases  (Cbem.  Boc 
liaiis.  imi7.  1971). 

'Ethyi  phthalate  reacl.s  with  ethyl  aceiate 
end  sodium  to  form  ethyl  dikctohydrindene 
carlxoxylate ;  and  with  ethyl  propiiinate  and 
sodium,  yielding  methyl  diketub  v  dnudeiit — 

C,H.<^>CHCH, 

If  ethyl  stieeliiate  1k'  Hubf-titiited  for  ethyl 
pcopiuDiate,  ethyl  diU\drouaphlliraquinone  di- 
carboa^late  fa  lomradl 


iVrch.  Pharm.  247.  220).  Picklis  and  Weiz- 
mann  (Clieni.  Soc.  Proc.  1904,  2U,  201)  have 
prepand  mono-aryl  hydroxyphthalides  by  this 
means,  which  give  by  the  action  of  water  keto 
acids ;  anthraquinone  hu  thus  been  prepared 
by  the  following  senee  of  xeactions  s — 

C,H4<g]>0+ligBcC,H. 


x;(C.H>HOH)s^o 


Simoni:^-  rrnd  Amnd  (Ber.  1000.  42.  37?n!mvc 
succeeded  in  ublttiniug  acyl  bcujcoiu  acid.s  by  the 
interaction  of  Grignard  rwgcuts  and  phthulio 
acid  itself,  in  ;u1ilif  ion  to  the  dialkyl  phthnliilo.« 
juat  described,  e.a.  using  excess  of  mognetitum 
ethyl  hroinide  he  isonted  o-carb<jxy-plienyl 

ethyl  ketone,  Bup^  97^  C«H4<^^y^*.  . 

Phthalic  anhydride  con<lenses  with  the 
crcsols  or  their  meth\d  ethers  iu  presence  of 
boric  acid  or  aluminium  ohlofide(<^.phtlia]elli 
reaotion  with  phenol) : 

(:;,H4<^>0+C,H4(CH,>0CH, 


,/VcOOEt  CH.<J0OKt 


aH.*cooxt 


(.  H  <r<^'0<:,n,(CHjocH, 


Sulphuric  ariil  efTeel.H  fhc  closliifr  eif  (he  ring 
.  in  the  conden.sation  product,  giving  oxy-methyl 
/\^.x<X>^(  .j^.^QQ£t  I  ftnthraquinoncs  and  their  mothvT  derivatives 
I  I  fr.  Mkthyl  Anthracene:     J^entl.  y,  Gardner, 

I     L  ^CH-COOEt  .         W'eizmann.  ('hem.  Soc.  Trana.  1907,  91, 

\/^^^  fl626:  Lambtecht.  Ber.  1909,  42,  3691).  The 

J  simpIe.Ht  case  of  the  alxivo  condensation  wji-s 
wotKed  out  by  Friedel  and  frttft-s.  who  con- 
densed phthalic  nuhydritlo  ihhI  benzene  in 
pr»M>noe  of  aluoiinium  chloride,  with  the 
ultimate  formation  of  anthraquinone :— 


Dtrimthts  a»d  Corukntaiiwi  Products  oj  ththalic 


Hie  extraordinary  reactivitv  of  the  anhydride 

CTiunts  fur  the  gnat  number  of  important 


le 

acc'iunis  lur  uie  gntii  numoer  ui  mipuitaut 
derivatives  wbjch  have  been  pre|»red.  first 
•mong  tiwte  should  be  mentioned  ^^thtdt^ 


dUbrtfe  C,H4<^f;y>0.  obtamed  by  the  action 

of  phosphorus  pentflchloride.  It  is  a  liquid  of 
b.p.  276''/72tt  mm.,  solidifying  at  U°C.  From 
aL,  by  the  aotion  of  ethyl  akohoU  fa  obtame<l 

'>0,  while  it  also 


the  ether. 


oonden^es  with  ketones  or  with  ethvl  aodio- 

(FiM  lier  and  Koch,  Ber.  Iti,  051  ;  Biilow 
^ud  Kuth,  Ber.  1904,  37.  o77  :  1905.  38,  474). 
Reduction  of  phthalyl  chloride  with  zinc  and 
hydrt»ehloric    ncid    produces    the  important 

'uUuh:  <:',Hj<^^j»>0,  m.p.  IT 
and  with  .•leetie  aei( 


derivative  pJtfft 

{r.  Lactones),  and  with  acetic  acid  and  sodium 
am>»iLMm  th»'  [iluiialyl  uKnliol,  ^'k ' ^ i^CpH H ' 

Grji^jittid'o  reagent*  act  uu  phthalic  anhy- 
dride, forming  the  dialkyl  and  diaryl  phthcUideSf 
td  which  a  large  variety  have  been  piepaied 

{cj.  Bauer,  Ber.  1904,  37,  736;  1905,  38,  240: 


{V.  -\NTHlL\<iUrNONE,  also  Fritdel  and  Craft*<. 
Ann.  Chim.  Phys.  ivi.]  14.  446;  UeUer,D.U.P. 
193961.) 

Phthalic  anhydride  condenses  with  phenob 
in  presence  of  a  dehydrating  a^nt  like  /inc 
ohbride  or  sulphuric  aeid,  yielding  a  clasps  of 
euldurinp  matters  known  us  the  phthukiii.s. 
Mhich  are  fully  dealt  with  iu  the  axticle  on 

TRIPSKNYXMCTiaSB  COLOUSINO  MATTXBS.  Thc 

iinjsle  t  itittniborof  thcseries  is  pheuolphthnleln, 
I.iie()iire«i  by  coudeusiuu  phtludiu  anhydride  with 
2  moleeuke  of  phenol  (Baeyer,  Ber.  Ift74,  7. 

908)— 


c*H*<oo>o+ac«H.OH 


Plteoelphthaleln. 

When  resorouiol  is  Bul)»titute<l  for  phenol  in 
this  condennation,  the  j>r()dnct  i.s  th«'  beaulifiil 
irrcen  iluoreticcin  acid,  the  sjodium  tali  of 
which  is  known  in  commerce  as  thc  dycstuff 
uiauine — 
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"\-0H 


u 

OH 
I 


\  / 

CO 

Fluorescein. 

Eo«in  is  another  well-knoTsii  lueniLcT  of  this 
series  nf  colouring  mAtteia,  and  ia  a  bromo 
d(Tivativ»!  of  f!aor«MJe!n. 

Cat<  <  hul  coinlcii.scs  uith  plitli.ilic  anhydridu 
in  prcsonco  of  conccntraUni  uulphurio  arid  with 
foriniktion  of  hyatataiin  and  ftusftrin : 

OH 


anhydride  ot  thiti  {cf.  Tingle,  J.  Aniec.  Chetn. 
Soc.  1910,  32,  113  and  1319).  .An  <»nunple  is 
that  of  ^rlycino  and  phthalio  anhydride,  iriiich 

give  phthalyl  glycine 

C#H4<^>N0H,COOH» 

the  cfiti T  of  vrbicb  Gabrid  and  Oolman  (Ber. 
\902,  36,  2534)  havf  cnnvortr<l  into  an  iso- 
quinolinc  *IerivatjVL  uii  licatinc  ;  hydrolysis 
of  thia  lentU  to  the  cotii pound  (1.),  which  with 
nitrie  aoid  yields  the  interesting  subetanoc, 
pbthalonimide  (II.)>  m.p.  224**,  •  eompoimd 
obtained  also  from  oarbindigo— 


CO  NH 


^C(OH):CH 
I. 


00— NH 


\»— (!jo 


0A(  ' 


OH 
OU 


-OS"' 


X/ 

0 


Hystazarin.  Alizarin. 
An  interesting  conden.sain)n  in  that  carried 
out  by  Marchese  (Qac.  ohim.  itHl.  37,  ii.  303). 
Phthalic  anhydride  was  caused  to  react  with  2 
molecules  of  sodium  hydrindono  carboxylic  ester 
in  prewnce  of  acetic  anhyilrulc.  w  ith  the  forma- 
tion of  the  complex,  aobydiophthato-bisdiketo- 
hydrindene,  ni,p.  about  325* — 

00 

C  s  C<^,H4 

C  H    "  '  O 

Will    ,  0 

C<  C,H4 

CO 

In  many  reactions  phthalic  anhydride  shows 
a  similarity  to  aldehydes.  It  is  uTt.ick.d 
by  uitn>methan<-  in  etbier  solution  at  lU",  and 
on  adding  methyl  aloohol  and  sodium  rthoxide. 
two  producta  are  isolated  (Gabriel,  Ber.  1903. 
36.  670)  - 

COOMe  X'(OH)CH/NO, 
^•^*<000H  ^•^«  ^.Q>0 

Again,  jila italic  a.nbydri<ie  CDndcfises  with  1 
molecule  >>[  a-piculeni^  just  an  dues  acetaldehj'de 
or  bemuddehyde*  yielding  iu  thia  case  y-pyro- 
pfUhcUone — 

thif  beinji  known  Rs  the  '  phthalone  rtMurtion  " 

(iJiiriiig,  Ber.  l!K»r»,  38.  KU).  Th*'  sainr  re- 
action ucoun^  with  C|uiualdmo  (Kibner,  Ber. 
1904.  37.3605)  with  the  lutidines,  in  some  cnnct 

iisinp  zinc  t-liloriiie  'Schclyi'.  I't  r.  HW     .'?8.  2M  <i : 
l.an;:LT,    if  if/.    37<»H.   with  a-(iu  tb\  l  iadol 
(Fiaoher,  Aniiulen,   iJ^K7.  1'42.  3sl),  and  with 
ootaniiiie  (Knoll  and  Co.,  1).  K.  l\  I7.">U7!)). 

With  (imintJi  and  annuo  (ichL",  |)hthalic 
anhydride  gives  an  important  .'^i  ries  of  com* 

pounds  of  the  type.  C*^*^^  J^'J^^J*^  or  the 


Andrcasch  hasprepnn  ri  in  this  way  tlie  plitlialyl- 
alanine  (m.p.    104°;   (Muiiatab.  774;  cf. 

also  FifeCher,  Ber.  1907,  40,  489  ;  and  Annalen. 
imi,  Ua,  152— for  Uurine).  With  beuzidine 
the  condensation  is  effected  in  aqneooa  solution, 
giving  the  compound — 

/OO— NHC.H, 

^co— nhhIj^h, 

(Koiler.  Ber.  11K)4.  37.  2S80). 

Sodium  l>enKamidt^  or  t^odium  acetamide  give 
the  acvl  phthalannnie  acids  (Tithcrley,  Cbeui. 
Hoc.  Trans.  IIKM),  89.  708),  which  pasd  into  the 
acvl  phthalimides  on  dehydration  with  aoetyl 
ohloride — 

"«<WNH<»-R  -»  ''•.H.  ;JjO>K  CO  U 

S<jrae  applii  atioii-  of  the  above  reactions 
to  the  preparali' III  oi  dye.HtufEs  arc  given  : — 

p  ciilor-quinaUUnc  condensed  with  phthalic 
anhydride  and  sulf^onation  of  the  quinophtha* 
lone  so  formed— 


CO 

C.H,(\0      ^  y 


leads  to  a  traluable  vcllo\\  (imiinlnie  dvestulf 
(Baver  and  Q).,  D.  l\  204265;  ^g.  Pat. 
1908,  2S2«itl:  Fnll.  1908-lfilO  280). 

a.-aminoitnthraquiuone  in  jutrobenzono  con- 
ileiisi's  with  phthalic  anhydride  in  presence  of 
phosphoruM  i>.*ntachIoride  yielding  an  oranfre- 
v.  liow  (Ive  (D.  R.  P.  2Ui9S0;  Eng.  Pat.  2709K, 
1901;  Frdl.  1908-1910.  753).  Dycstuffs  of  the 
aertdine  Sfrifs  may  bo  obtained  by  heating 
phthalic  anhydride  with  jihonylene  or  toluylenc 
diamines  in  prt'sencc  of  the  hydrochlorides  of 
the^e  L>ase8,  with  or  without  a  c<jn<len88ti<>n 
accnt  such  as  zinc  chloride  (D.  K.  P.  14136(j ; 
Eng.  Pftt.  11711,  1902  ;  FVdI.  1902,  1904.  316>. 

Phthalyl  chloride  condenses  with  rt'rtiarkabic 
ea^c  with  uubtstanccs  poKsesiting  labile  hydrogen 
atom^,  which  combine  with  the  chlorine  atoms 
causing  the  evolution  of  hydrogen  chl'  ri'Ir,  f.ij. 
nialuuic  e-tir,  anLoacetie  ester,  cvauacetir 
vsU'.r,  &c. 

Hiilow  and  his  collaltoriilors  { li«T.  1904. 
37,   1379;  39,  227o)  have  condciuied 
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CO 


CO 


it   witk  acetyl  acetone,  and  obtaiucd  tho  l  the  action  of  acetyl  chloride,  uieit^i  ut  Hi", 

'  Benzoic  acid  may  be  obtained  from  this  a^***- 
'  acid  on  oxidation.    It  is  not  afTLcted  by  boiling 
'  with  aqueous  caustic  soda,  but  vexy  oooc«n> 
tmted  alcoholio  potaah  prodnces  the 


CH, 


QgH^/So  and  C,H4<f>0 

C:C(COOH,),  olcHCO- 

the  second  of  which  readily  pwBBOfl  into  d*aoetyJ 

diketo-hydrindene — 

00 

0,H4<(^CH'C0-CHg 

aUo  EifaiMr,  Ber.  UHM,  39»  SSOS). 

The  HYDBOPBKKailo  AuiDfl. 

The  classical  work  associated  with  the  name 
of  von  Baeyer  on  the  reduction  of  the  phthalic 
acids  haa  diine  much  to  extend  out  knowledge 
of  ^enoy,  and  especially  ol  the  oonstitution 
of  the  benzene  ring.  Hi«  researches  (Annalen, 
1878,  166,  346  J  Hi90,  258,  214 ;  1892,  269,  164, 
emtwDiate  the  genetal  rule,  that  entrance  of 
hvflrogcn  atoms  into  the  niulecuh'  undergoing 
reduction,  always  takes  place  by  attachment  lirst 
to  the  a-earbon  atoms,  t.«.  those  which  are 
adjacent  to  carboxyl  groups.  For  example, 
adopting  the  special  nomenclature  for  the  hydro- 
benieiMe,  nanety— 

1  1 

then  the  reduction  of  ortho-phthalic  acid  with 
sodium  amalgam  in  weak  acetic  ucid  solution, 

Of 

gave    rise   to   the   tram- a  "'•dil^roplUhulic 
^^^OOH 

1 

which  melts  at  210°.  This  ie  also  prepared  by 
electrolysis  of  phthalic  acid  in  hot  15  p.c. 
aqueous  J«uli)hnric  acid  (Mettler,  Bwr,  1900,  39, 
1 ).  The  ci*-f  orm  is  only  obtained  by  acting  on 
this  with  acetic  anhydride  for  7  minutes,  when 
thioeUMMkpiritk,  m.p.  100^  is  formed,  wUcAi  on 
bftiliiig  witli  Avatc-r  yields  the  cis-acid,  m.p.  175*  ; 
prolonged  boiling  converts  the  cis-  into  trans- 
form. The  above  A^'  ^  acid  is  what  is  known  as  a 
/Sy  doubly  unsaturated  acid,  tho  double  linking* 
being  both  attached  to  fiy  carbon  atoms  with 
reference  to  the  carboxyl  groups.  This  type  of 
acid  readily  undergoes  inversion  by  digesting 
with  alkalis  such  as  caustic  soda,  due  to  the 
•hiftiaR  of  the  double  bonds  to  the  podtion 
in  each  case,  so  that  the  compound 


( 


^rooH 

-COOH 


if  V  COOH 
'I^^^^UOOOH, 

vhioh  melts  at  180**,  and  wldeh  ia  also  obtained* 

indirectly  from  the  tiihydrobromide  oi  A^'^ 
\  dihydrophthalic   acid   and    methj'l  alcoholic 

potash.  When  this  A^'^-acid  is  boiled  for  0 
minutes  irith  aoelao  anhydttde,  the  anhydride 

of  a  new  acid, 

^'^'Dikji^l/riiphthfilic  Acid 

/\— COOH 
"  'J— COOH 

is  formed,  and  on  decomposing  this  with  boiling 
water  the  above  aoid  is  obtained,  ni.p.  153^ 
Boiling  caustio  soda  converts  it  into  the  A^'  ^  and 
A^'®  isomerides.  It  may  be  oxidised^  back 
again  into  phthalic  acid.  The  anhydride  of 
the  acid  melts  at  133°. 

Abati  and  Bcmardiois  (Chem.  Zcntr.  1905, 
t.  1318)  hare  isolated  the  two  remaining  di- 
hydrophthalic aeid.s  by  a  careful  .scheme  for 
separating  the  initial  reduction  products  obtained 
as  deaodbed  by  Baoyer.  Thcee  aie  the— 

j/\  COOH 


lijJt-COOH, 


is  obtained.  This  acid  is  excluijivtjly  ionnod 
when  the  reduction  of  phthalic  acid  with  sodium 
amalgam  is  carried  out  in  alkaline  solution, 
it  roelU  at  215%  and  its  anhydride,  formed  by 


the  anhyd^  of  which  mette  at  SSf^t  and 
also  tho 

A^'  ^-Dihydrophthulic  Acid, 

f  "^/^OH 
'  —COOH 

which  is  obtained  by  heating  the  A^*'-acid  to 
230*  in  a  dosed  tube ;  also  by  the  intermediate 

shifting  <rf  tho  double  linking  in  the  A^-  ^-acid 
by  meani  of  eauajtic  soda.  Its  anJkydride  melts 
at  73«  {«f.  slflo  Abati,  Ga«.  chfan.  it«L  38,  i.  162). 

'I'he  TttrnhijdnJes  are  five  in  number.  On 
reducing  a  boiling  solution  of  sodium  plithaiate 
with  sodium  amaligam, 

A^'Tdrdkgdnphlhalic  Acid 

(  Y  COOH 

is  formed,  m.p.  215»;  the  anhydride  melts  at 
70",  iiiid  is  made  by  hentiii?  the  acid.  "When  this 
acid  is  heated  for  a  comuderable  time  at  its 
nulting-potntt  the  anhydride  of 

COOH 
-COOH 


\ 


j  is  produced,  which  -n  boiling  with  wuUt  gives 
rise  to  the  above  A^-acIti,  m.p.  120'.  The 
,  nnhi/driit  melts  at  74*.  This  is  also  prepared 


Ljiyiiizua  by 
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by(iiiitillinj;thotctinhy(!iiil('  i>f  pyroimllif ic  ;ui(J. 

It  ohangtfd  back  into  tho  A'^-acid  with  coocrii- 
trated  potiwh,  and  permanganate  ondiaea  it  to 
adi|do  aoid 

\COOH 

is  furmci!,  tdirftluT  with  A--ac  ifl,  hy  reducing 

the  ^  dihyUriilo  io  boiling  water  with  sodium 
amalgam,  that  ia — 


—OOOH  H, 


il^— OOOH 


A""  A' 
(C/.  Thide,  Annalen,  1899,  m\,  125.)  This 

A*-acid  melts  at  218^ ;  its  anhydride,  made  by 
the  action  of  acetyl  chloritie,  melts  at  140% 
and  tho  methyl  ester  molta  at  lo '.  The  acid 
chnnpcH  on  heating  inht  ihr*  ris-jonh,  which  in 

aiao  obtained  by  rt-duciug  the  A"*  *-Hcid  at  0"" 

frith  aodinm  amalgam.    This  CM-A^-aoid  melta 

at  n  J",  imd  its  anhydride  at  58". 
The  i  t  maining  isomeride — 
A^-TUiahydrophthaUe  Add 

/  \— CUUH 
's^^OOOH 

is  doKribed  by  Abati  and  Vergari  (Gaz/.  chim- 
ital.  1009,  39,  it  142).   Its  anhj/driie  melta  at 

Both  tho  di-  and  tetia*l^dxopht1ialic  acids 
are  unntable  towards  permanganate  and  with 
milder  oxi< lining  agents  may  be  oxidi-4e<l  buck 
tophthalic  acid.  T!icy  form,  aa  a  ml* additive 
compounds  with  bromine  or  hydrubromic  avid, 
and  yield  on  redttetion  hesahydrophthalio  acid 

also  (Jraelx)  and  liorn,  Annalen,  ]HCu,  112, 
330;  Astie,  Annalen,  25H,  187).  The  pliyhicai 
jiro[)ortie»i  of  all  these  acids  hnvc  been  carefully 
meaaared  bv  Abati  'uid  liis  collaborators  (Ga/.z. 
chim.  itai  39,  iL  142  ;  <  ii-m.-  Zi  ntr.  11K)7,  i.  S8G). 

Trana-hamhyirophth  ihr  Act 

,  ^  COOH 

Uh 

\/\00OH 

i.^  [Ill  pared  by  rc<lii(;ing  all  thr  lower  hydrides 
or  their  halogen  additive  cunipoumlH,  either  viilh 
aodiam  amdgam  or  zinc  dnnt  and  k  •  tic  acid. 
It  nirlts  at  221",  and  is  not  oxidised  by  Cold 
iKiuiiiiigiiuate.  The  anhydride  melts  at  140% 
and  the  (itmeMj/l  e«fer  at  33".  When  slowly 
iieatcti,  the  aoid  yielcb  tho  anhydride  ui  cm- 
hfxah'idropMkalie  acid,  from  which  the  free 
acid  is  obtained  by  boilintr  uiili  water.  The 
acid  melts  at  192%  and  tho  anhydride  at  32;  . 

Nitrogen  Dkiuvative.s. 

pjlUulimUa  C,H4<^>NH  is  fyruvd  by 

the  artinn  of  amnr  ni'i  I'.-r-'  nn  ni  ll^^n  phthalic 
anhydride,  and  is  a  im  -i  unporuint  stage  in  the 
manufacturing  proic'^s  of  t<ynthetic  indigo. 
The  method,  due  to  Kuhara,  la  a  quantitative 


one.  Dry  ammonia  gaa  eompressod  in  cylindera 
is  use<i,  and  is  passed  into  the  phthniic  auhydride 
until  it  cea»*s  to  bo  absorbed,  the  priK^ess  occupy- 
ing in  all  about  18  hours.  The  chief  condition 
is  that  at  the  end  of  the.  operation,  when  complete 
transformation  of  anhydride  int<i  iniidc  lii.s 
been  efTecte<l,  the  mass  tdiuuld  remain  in  the 
molten  state ;  the  anhydride  melts  at  128" 
and  the  imide  at  228°,  hence  diirin<:  the 
progress  of  the  operation  the  tetnixiiiture 
should  be  maintained  1°  above  the  l.-.tter.  The 
molten  product  is  run  oH  and  allowed  to  cool 
and  crystallised  in  open  pans ;  650  kilus.  of 
anhydride  yield  t>,'15  kUos.  of  ])htha]iniide. 

Fhthalimide  may  also  be  prepared  by  heating 
phthalio  anhydride  with  urea  (Danlap),  or  witn 
ali|'h<iti>-  iii*rih-?i  (Matthews,  J.  .\mir  fhrin. 
Sue.  IhUti,  18,  080;  189H,  2u,  (i^J,  or  with  form- 
amide,  acetamide,  aii<[  >  >th<>r  amides,  acetanilid% 
and  .-^iniilnr  <■< •Tnjxninds.  It  exists  as  colourleaa 
plates,  ni.[).  228  ,  aud  umy  be  sublimed. 

RtactioHs. — Amyl  alcohol  and  sodium  reduce 
vhthalimide  to  o-moth%l  Ijcnzylamine  (Bam- 
ijerger,  Ber.  1888,  21,'  isss).  Distilled  wth 
lime,  it  loses  water  and  carbon  dioxide,  yielding 
bcozonitrile  (Reese,  Annalen,  1S87,  242,  6). 
With  aloohdio  potash  it  fonna  a  potasaiuni 
derivati^* 


P  „  ^CONH, 


which  uu  buiiiug  with  water  iij  couvcrted  int«» 
potassium  nhthalamate. 

From  the  point  of  view  of  indigo  its  most 
important  reaction  is  that  discovered  bv 
Hoogewet  lT  and  van  Dorp  (D.  H.  P.  r.r*nss\ 
w ith  alkaline  KOBr  at  80°,  when  it  is  txansf  ormcd 
into  O'aminobencoio  acid,  or  anthTanilic  acid— 

I    ^     Nnh   ^  1  I 

Molir  (J.  pr.  Chem.  [ii.]  80,  1 ;  B.  PP. 
127138,  139218;  Frdl.  1902-1«»4. 
lias  niocblied  this  by  using  Na('*'l,  and  slate- 
that  sodium  isatoic  acid  anhydride  ta  urobablv 
formed  aa  an  intermediate  compouncL  which 
excess  of  caustic  aoda  oooverts  into  sodioni 
authranilatc — 
00 

CO 

^HjONa 

^ONa 

^'0—0 
COONa  ,,  ,  COONa 


^^0N» 


NnOH  , 
 >C 


C.H, 


NHCUONa  "> 


Phthaiimido  forms  a  |K»ta.s!*ium  derivative 
exactly  as  (Kh-s  raalonic  ester,  in  which  also  the 
metallic  radicle  may  be  substituted  for  alkyl 
by  contact  with  hi\h.>gen  compounds  {fee  resunu' 
bv  !S<jren?<en,  Zeit.<seh.  physiknl  Chem.  44, 
4'tS ;  Chem.  Zentr.  1905«  ii.  401 ;  cf.  also  BnlL 


Digitized  by  Google 


FUTUAUO  AC8D. 


Soc.  chim.  33,  1042).  Gabriel  describes  on 
iaterestiog  example  of  this  uie  o{  pofcMiiain 
plitlMlimUe  with  dibromopropane— 

CO 

^  CO 

CO 
CO 

with  X. 

C,H*<^  >N[CH  J,OH 

'^O"  Y-o 

(Ber.  1U05,  38,  2389). 

Two  inolecales  of  phtbalimide  may  also 
oombioe  wilU  the  halogen  derivative,  giving 

66  00 

C,H4<^N-CH,'CH,-CH,nQ>C,H«, 

mad  this  on  hydrolysis  with  minoral  acids 
jwlds  trimethyleno  diamine  and  2  moleoulee 
of  phthalio  acid,  thus  providing  an  eaMllent 
general  melhiod  for  the  pvefMntiim  of  dia> 


YaxfcNW  nwrMpten  derivatives  of  phtlut- 
limide  have  been  piepued  bgr  Manawe  (Ber. 
1902,  35,  1307). 

^Tlie  GemuuB  patent  No.  139553  degcribos 
the  prepn  ration  of  phikcd-chlorimid^  bv  leading 
chlorine  into  an  nqneona  suspenaion  of  phthali- 
nikle. 

A  40  p.0.  tMtiition  of  formaldehyde  gives 
with  phthdiniide  «  methyl  phthaHmiae  of  m.p, 

132°  i  Breslam-r  nnd  Pictet,  Ber.  1007,  40.  3784). 
Various  Grignanl  reageota  have  been  tried  with 
mooets  upon  phthalimide  {cf.  B&e,  Compt.  rend. 
138,  987  ;  Sachs  and  Ludwig,  Ber.  1904,  37, 
385).  With  tin  and  hydrochloric  acid  it  is  reduced 

to    phthalimidine  C,H4<^'>NH  (Graebe. 

Ber.  1884.  17.  2698 ;  Annalen,  1888,  M7i91). 


OONH 


ia  made 


Fhtkalyl  hydnuUa  C^E^C^^  ^  i 

from  the  anhydride  and  hvdr<izine  (Curtius,  J. 

S.  Ghem.  [ii.J  51,  375).    ^he  phenyl  hydrazine 
({▼stivee  exista  in  two  fornui ;  the  Brat  pmkluot 
of  th  -  <;niuI»n^tioii  iapfohi^lya  simple  additive 

oompoond — 

Cxt  ^COOH 
widch  splita  o8  water  in  two  wa^a*  giving— 

CO  QQ  

a.  pjttialyl  p.'ieDylliydraxine,  m.p.  1?9^.  ^iorm. 

[  Dunlap.  .T.  Amer.  Chem.  Soe.  190S,  27,  I09I*). 

Phthalyl  semloarbazide  melt-?  at  262^. 

i^ibalylhydroxylamine.  Hydroxylamine  con- 
denaee   with   phthalic  anhydride  in  aqueous 

(i''hitc  alcoholic  sulution  <>r  in  ciui^tif-  sodu, 
with  formation  of  phtha!yll;yLlroxyLuuiuc,  ui.p.  ; 
2(>4'-206''  in  goofl  yields  (Basler  Chcmische 
Fabrik.  I),  PP.  130680,  130681).  Treat- 
ment of  the  hydrochloride  of  thia  with  aodinm 
carbonatf«.  and  itthaequent  aetion  of  oauatto 

?ou  IV.— r. 


I! 


Boda,  leads  in  the  <WMllftn  off  anfhvauilic 
aeid— 

o    >  1^  1 


\ 


NatCOa 


rONHOH 


C:NOH 

(D.  R.  P.  Id6788;  Frdl.  190S.1904»  117). 

CO 


Phthalaoll   Cfit(^}^Ofi^  m.p  205% 
CO 

is  formed  by  heating  1  molMide  of  sodlmn 

pbthalate  and  2  mofeciilea  of  aniline  hydro- 
chloride  in  a  closed  tube  for  6  hours  at  200^ 
(J.  Amer.  Oham.  Bm.  1908,  SfS,  eiS). 

nOialoiilMto  C«R4<^  is  ohtainad  him 

2-aminobenzonitriIc  by  conversion  of  ih'-  NH, 

Soap  into  ON  (Pinnow  and  Samann,  Ber.  1896, 
'f  630);  and  from  o-cyanoliettaaldozim  by 
dehydration  in  contact  with  acetic  anhydride 
(Posner,  Ber.  1897,  30.  1698).  It  forms  odour- 
less needles,  m.p.  142°,  distOa  without  deoom* 
position,  and  is  volatile  in  °tf>nm.  Tt  is  trnnB- 
formed  into  phthaJic  acid  on  hydrolysis  with 
oonoeotrated  nydroehlorio  aoid. 

fltnfafMk  cf  Phtlttito  mU  0«H4<^g  («- 

cyannbenzoic  acid)  ia  prepared  from  antliranllic 
atjid  by  the  Sandmeyer  reaction  (Ber.  1885,  18, 
1499);  by  the  aetfon  of  IVH.  upon  phthalyl 
chlorid?  fHooppwerfF  and  van  Dorp,  Rec.  trav. 
clura.  11,  91 ;  cf,  Kuhara,  Amer.  Gli^m.  J.  8.  26  ; 
Auger,  Ann.  Chim.  Phys.  [vi.]  88,'  289) ;  and 
from  bentaldehydeoxime-carboTyHc  acid  by 
contact  with  acetic  anhydride.  It  exists  as 
ncedlfs  nieltinp;  at  180°- 190°  and  changing 
simultaneoualy  into  phthalimide.  Heating  with 
water  pcodnoea  add  aaaioniam  phthalata. 
The  md^4tktnat»  at  51*,  and  the  «M  esfet 
at  70*. 

BVBSTXTUTW  FbIBIUO  AoIM* 

Many  chlnro,  hromo,  nitro,  xnlpho  substi- 
tuted phtbalio  acids  are  known,  and  references 
to  theae  are  freovent  hi  Beflstdnls  BDuidbiieh 
der  Organischen  Chemie,  vol.  ii.  and  its  supple, 
ment ;  ako  PrdL  1887-1890,  93 ;  Villiger,  Ber. 
1909,  42,  3629.  When  phtbalio  anhydride, 
dissolved  in  furaing  sulphuric  acid,  is  treated 
with  clilorine  in  presence  of  a  little  iodine 
(Juvalta.  D.  R.  P.  50177).  the  following  reaotion 


occurs : — 


C4H4<^>0+4C1+2S(), 

^•'CiH«<oQ>o-i-s  a-so^ 

Separation  of  the  products  is  possible  owing 
to  a  difference  in  solubility  of  the  zino  salts,  by 
a  reorysttallisation  of  which  three  isomerides  are 
separated.  The  chief  product  is  3  :  d-dichloro) 
phtihalic  acid  (I.),  smaller  quantities  of  3 :4  (U.- 
and  very  little  of  4:5  (III.),  being  isolated — 

a 


^  COOH 


rooH  cr^^  -COOH 


;— couii  ci 


ci 
I. 


cooH  civ^^cooa 


II. 


m. 
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The  3 :  C  acid  htvs  m.pw  ZOaP-^" ;  and  ito  mahy- 
drido,  ni  p.  33l>'*. 

Tli'  S"'  iicids  are  mon-  soluble  in  waUr  and 
ether  thau  ordiiuury  phtkalio  acid,  and  the 
anhydrides  can  be  dbtilled  (cf.  also  Gniebc, 
Brr'  IfXX).  r].  20\9). 

A  fourth  isonionde  U  described  by  Crossley 
and  Le  Sueor  <Cbeiii.  800.  Trans,  1906, 81, 1633), 

VIZ.  the  3 :  b-dkhlorophthalic  aoid  \ 

y— vUUxl 

CI 

{cj.  h1.m>  tUus,  Bcr.  lli,  1370;  IQ,  3175;  J.  pr. 
(  horn,  [ii.]  43,  2fi3,         Le  Royer,  Aniuilen, 

IHH7.  238,  350). 

3  :  iS-dichlorophthalic  auhydndt,  which  is 
now  a  commercial  product,  has  bt><'n  eondc>nsed 
with  <hc  three  xylenes  and  the  elosing  of  lh«' 
ring  effected,  with  formation  of  uichloro- 
diniethyl-anthraquinune:^  (Harri>j>.  NnrM>  and 
WdsiDMin,  Chcni.  Soc.  Trans.  1909,  96,  1312)— 
a   CO  CH, 

C3  CO 

Of  the  four  potiBihlc  di'bromoj'll ^ml ir  ii'  tdji  only 
the  para  (3  m.p.  135**,  is  at  present  made, 
the  jHeld  being  30  p.c. :  HK)  grama  of  dibromo- 
naphthalene  i»  strongly  In  ated  for  2  hour^ 
with  2  litres  of  nitric  acid  (sp.gr.  1'4) ;  first 
ft  nitrftted  product  is  obtained,  and  then  on 
evaporation  of  the  mother  liquors  to  one-third 
the  volume,  white  crj'staU  of  the  3 :  d-dibromo- 
phthalic  acid  appeftr  (Sevmn,  Chem.  Zentr. 
1907,  i.  1119). 

NUro-phtkaiie  aetd.  HoUeman  (Chem.  Zentr. 
IWlS,  ii.  2011)  hu.s  .-,tu(lir.l  qimiit ilati vily  the 
action  oi  cuiioentrat<>d  nitric  acid  on  phlbalic 
aoid  at  30**.  and  ha8  fouod  that  the  product 
rnntnit>s  {9'.i>  ]Kc.  of  the  a-  and  fSO-5  p.o.  ot  the 
fi-nttraphlhaiic  acid — 

NO, 

/^-^t;OOH  N0,/\— COOH 
I.  ^OOOH  l^^l-COOH 

o. 

Svipho^ihihalic  acids.  The  Aadi8cbu  Anilin 
und  Hnda  rabrik,  has  obtained  an  Enelish  patent 

f.T.  V  .Tohn.soii.  No.  1SL»2I.  AuL'ti-i  IT  ISfldj  for 
the  prepjiDitiou  of  a  disulphunic  acid.  100  ki!o.H. 
of  naphthalene  isdissolveu  in  300  kilos,  of  faming 
siilplniric  aoid  (23  p.c.  SOt^  nnd  mixfd  with 
12LKJ  Icilos.  o^jncentrated  sulphuric  hchI  ^9.3  p.c). 
The  mass  is  heated  for  10  hours  at  al^oui  250'*: 
a  certain  amount  of  plithalic  acid  dititiis  over 
during  the  reaction.  The  j»ro<liict  Ih  nputralise<l 
with  c'Jilc  inin  or  barium  earlx>iinte  Hn<i  worked 
up  in  the  usual  way.  The  new  disulphonic  acid 
01  phthalic  acid  may  be  separated  from  i»ater 
in  crystalline  nodules  in  the  form  of  its  barium 

.salt. 

If  the  temperature  is  maintained  at  about 
220**.  a  tnonofulpbomie  of  phthalic  acid  is 

ubtaiiied. 

Hydrnrif-phihalif  ac.i'is.  Bi'titli  \  and  Wt  iz- 
roann  (Uhoni.  ^>nc.  Tran.s.  1907,  91.  Oti)  have 
Hulpbnnatcd  phthalic  anhydride  with  fumtnj; 

sulptnini-  ncnl  \T-\  l'.<-.  SO  at  21)0"  atid  tuscd  \\w 
produuiii  with  cdu-»l,ic  mmIs,  obtainiu);  m  thib 


w?i\  x  hyhnrfi-phihalicacid^BinA  as  by-product 

)H  lijtirux^  U'u/jjic  acid — 


SO,H 


— COQU 
— OOOH 


,      {  ^— COOH 
HOn^^— COOH 

/\ 

*****    HO  '-COOH 


^hydmri/  p/uA(Uie  neid  raclta  at  2O4*'-205*,  il« 
anliMlmlf  at  I71*'-173*;  the  inethoxy  add  9X 
178**  and  the  anhydride  of  this  at  98^ 

The  same  authors,  with  Hiaa  Rtma  Robinflon 
((.'hem.  Soo.  Tran-..  1007,  91,  104K  prepared 
1  :  b-di-mctltoxy'naphihaUne  and  oxidit>ed  thin 
with  permanganate,  obtaining  2-mrtkoxy' 
phthalic  ucid.  m.p.  173*,  the  ank^dndt  tji  which 
melts  at  lOO'— 

OH  OCH, 

OH  OCH,  OCH, 

Fusion  of  the  methox)'  acid  with  caustio 
potash  givea  roe  to  the  Z-hydroxy-phthaUc  acid, 
m.p.  150* — 

CH,0  OH 

/\_-CrOOH      ^  COOH 
!— COOH  I  . — CUUH 


xylene  is  brominated  it  jrields  the  tetiabcomide 

CHlir, 


0 


GHBti 


If  400  grams  of  t  fiis  Im-nii'l'  are  heated  with 
.SOO  grams  of  fim  ly  jxiwdered  (  ry.'^talliiie  )jota.<;- 
sium  oxalate  m  aa  oil-balh  iur  4U  hours,  in 
contact  Willi  2^  litres  of  water  and  2^  litres  of 
95  p.c.  ethyl  aloohol,  a  clear  yeUow  solution 
n^Hults,  with  evolution  of  some  ewbon  moaoadde 
and  dioxide.  After  distilling  off  2  litres  of 
alcohol,  which  is  used  again  subsequently,  700 
prams  of  oryBtaUine  sodium  phosphate  are 
addi  d,  and  the  mm^H  is  stibjectetl  to  distillation 
in  hteaui.  which  drives  over  the  phthalic  alde- 
hyde. The  product  is  readily  soluble  in  water, 
and  therefore  the  dibtillatc  is  extracted  several 
times  with  acetic  ester,  which  dissolves  out  the 
aldehyde,  a  90  p.c.  yield  being  obtaim  d  iri  the 
form  of  yellow  needles,  m.p.  56"  (Thielo  and 
Ounther,  Annalen,  1906.  347,  106). 

Strong  alkali  univiit-  jihtlialaMfhyde  info 
phthalide.  which  appears  to  be  on  intramolecular 
change  into  a  more  stable  isomeride — 

->  C,H.<<^'!^«>0 


p  t,  ^  CHO 
^•"*^CHO 


It  is  interesting  to  compare!  this  M'lth  the 
*  lactone  tautomerwni '  of  aldehydo  phthalic 
acid  and  hydct>jgr  phthalide,  which  can  iMot  in 
either  form — 

(HO  ^CH-OH 
.  (X)OH      "*  ^•^^^CO'^^ 

Phthatatdchyde  oondenttee  readily  with  a 

lar;^e  numlxr  I'f  .'-ull^^ aiicch  liv  viiiuc  of  it.s 
two  —Clio  groupiiigsj   eg.  with  acetone  it 
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yields  /3-acetv!  livtlrinJom-  (Tliit-lc  and  Falk, 
Annalen.  1906,  ;U7.  112;  l\m,  287)— 

C.H.<^g+CH,COCH, 

B  C,H4<^«>CH  C0  CH,+H,0 

VUliMt  urn  C^4<S5goH'  "  P- 
144^-145^,  tsfoMDMi  at  an  intemMdiate  «tage  of 

tin-  oxidation  of  nnphthalL-iu;  to  phthalic  acid, 
t^pecmll\  when  the  reagent  u.^t-d  i.s  {^t  rmangauatt' 
(Annalen.  1SS7.  240,  142  :  L)al  \ .  .1.  Phys.  Ohera. 
11,  93).  It  is  also  ])rodur(>(]  by  the  action  of 
nitric  acid  ou  totrac  hlor-kt'tohvdrindcnc  (Zinke 
aiid  Fries,  Annalen,  WM,  334,  342).  Its  arid 
methjfl  tder  melts  at  VO^-iil^,  and  its  neutral 
methyl  eater  at  6e»-68*  {cf.  Frdl.  1894-1897, 
162-103  ;  D.  R.  PP.  79693,  86914  (Tcherniac)). 

Phthakmio  acid  takes  part  in  numerous  re- 
aoticms,  prinoipally  tho«e  inTOlvfng  the  koto 

Soup;     e.rj.    it    condensea    with    o-phf-n  vlc'ne 
amin  (Uazx.  ohim.  ital.  1004,  34,  i.  493). 
giving  the  oompoond^ 

N 

A  warm  budiuui  bisulphite  iiolution  of  Bodium 
plkthalonatc'  gives  on  evaporation  and  subso- 
manttiaatmeht  with  hydrochloric  acid,  aldehydo- 
pkMUo  acid  (Wegschcidtf  aikdBondi,  Monatsh. 
26, 1089) 
r  V  ^CO  COOH  , 


'  and  by  tlie  action  of  a  hot  solution  of  cxiprous 
potaasiam  oyauidc'  on  w-diazohcuzoic  chloride 
and  aaponificatiotv  of  the  resultiDg  nitrile 
(SandineTer,  Ber.  1886,  18,  1498). 

It  exutsin  the  form  of  loni^  slender  needles 
when  crystallised  from  water,  which  melt  at 
about  300*  and  which  may  be  sublimed,  without, 
hoiv«ver,  forming  the  corresponding  anhydride. 

The  dimethyl  tMer  melts  at  GV^-fiH"  (Baevcr, 
Ber.  1898.  31.  1404),  and  the  dic^yl  ester  at 
11 -5'  (rf.  Perkin,  Chom.  Soc.  Trans.  1666,  66, 
I  1238,  for  j)hysical  propcrf  ie^^). 

It  forms  a  hydrazide,  m.p.  22*)"*,  Ijy  heating 
with  hydrazine  hydrate  in  absfdnte  alcohol 
(Davida,  J.  pr.  Chem.  64,  74),  and  also  an 
azirfe,  C,H4(C0N,),. 

HTiaO-BOVBXBALIO  ACEDS. 

These  adds  are  chiefly  duo  to  t}u>  work  of 
Perkin  and  Pickles  (Chero.  Soc.  Trans.  1906, 
87,  293)  and  Perkin  and  Goodwin  {ibid.  843). 

The  dihydro-isophiholit  acids  arc  not  well 

known.  The  A^'*-acid,  m.p.  270",  has  been 
obtained  from   1 : 3-dibiomo-tnuu-liexahydro> 

»*ophthalic   acid   by   the   at;eney  of   potash  ; 

Mid  the  A^^'dihydro-acid,  m.p.  266°,  is  also 
desoribed  m  obtained  in  a  similar  manner  from 

the  ^  :  4-dibromohexahvdro  acid.  Itiit  the  con- 
stitution of  these  two  acids  is  still  regarded 
as  unsettled. 

.\11  the  four  fH^-j-ifilo  ietrahydro  acids  have 
heeii  isolated.  tao-Phthalic  acid  on  reduc- 
tion with  sodium  amalgam  yields  two  acids, 
A*  Mid  the  ois-form  of  A*-T«<raAyiiro- 

COOH 


Tbe  following  is  the  beet  method  of  pre- 
paring phthalonic  acid  :  10  grams  naphthalene 
is  dissolved  in  1  litre  of  water  and  90  gxunis  pure 
QbO^,  or  itfl  equivalent  of  the  commercial 
permanganate,  is  added,  and  the  whole  boiled 
until  the  solution  is  completely  decolouri.sed. 
The  removal  uf  the  excess  of  naphthalene 
(2'5  ^ms)  is  effect^  1^  steam  distillation, 
the  o»de  of  manganese  is  filtered  off,  and  the 
filtrate  evaporated  and  then  aeidified  and  the 
Modoct  extracted  or  allovTOd  to  crystallise. 
Tlie  yield  is  9  grams  of  fdithalonio  aera  and  1 
gfam  of  pbthalio  add. 

( mcta-phthalio  aeid) 


GOOfi 


OH 


w  prefwred  by  the  oxklation  of  m<zylene  with 

{^K-rrnarmanatc  (Nottinp.  Ber.  1885,  18,  2687) 
ur  «nth  chromic  acid  (Fitting  and  Velgutb, 
Annalen,  1868,  148,  11;  1870.  153,  268);  or 
by  converting  m-xylene  into  the  dibromide  by 
bromination  at  125".  treating  this  with  hot 
alcoholic  potash,  and  oxidising  the  resulting 
ether  with  ohiomio  acid  mixture  (Kipping,  Ber. 
1886,  21.  46).  It  is  also  obtained  bv  fusing 
potH-^iuni  fnriiMtf-  nith  potacsiuni  benzoate 
(RIchur.  ll<*r.  Irt73,  6,  876).  or  with  [Mtawiiun) 
in  lm>ml»cnzoate  (Ador  and  Meyer.  Annalen. 
I*<71.  IT)?),  ini,  or  with  benzene  di-id])lii mi''  acid 
'.Barth  and  tieuhoter,  Annalen,  1871,  169,  228)  j 


itfopJUAoitc  acid  /\ 


melte  at  168*,  is 


-OOOH 


very  soluble  in  water,  and  its  aidiydride  melts 
at  78**.  By  the  agency  of  caustic  potash  or 
hydtochlorio  aoid  it  yietne  the  sparingly  solable 

OOOH 


_GOOH, 


I 

\/ 

m.p.  244*.  which  gives,  with  aoetio  anhydride, 

the  anhydride  of  A'-acid,  m.p.  78". 

Ci4'A*-tetrahydro{3opfufi(Uic  add 
COOH 


A 


l^^COOH 

is  isolated  from  the  original  reduction  product, 
as  stated  above.  It  melts  at  lb."»°,  is  very 
Kolublo  in  water,  and  is  easily  converted  into 
the  trans-acid  with  concentrated  hydrochloric 
acid.  This  trans-form  is  sparingly  soluble,  and 
melts  at  227°. 

Cm-  and  irant-litJcahydroiAophihaiic  acids, 
m.p.  163*  and  148*  respectively,  were  obtained 
synthetically  by  Perlan  and  Prentice  (Ch*  m. 
Soc.  Trans."  1891,  r>!»,  808;  c/.,  however,  Perkin 
and  Goodwin,  Chem.  Soc.  Trans.  UR)/*,  87.  843), 
who  condmsed  triinethyleno  bromido  with 
sodio -  met hy iene  •  nia  Ionic  ester— 
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PHWr  N»C:(CX)OEt), 

ll»ct(OOOBft), 

OH-OOOH 

_^  CH,r'''  ,CH. 

CH, 

Tlie  t«tr!il)a8io  ester  firet  formed  yielded  on 
hydrolysis  a  mixture  of  cis-au(i  trnns-hexahydro- 
MOphthalic  acids.  Bayer  and  Villiger  were  able 
to  verify  those  resulta  by  the  actual  ledue- 
tion  of  iMphthalie  M»d  (Annalen,  1893*  276. 
255). 

5-Chloro-i«oplithalic  acid  is  prepared  by  the 
oxidation  of  5-chloro  ra  toluic  acid  with  alka- 
line permanganate  (Klag^  KoMveneg^  £ef. 
1895.  28.  2045);  and  Mfd-eAbr  md  Mm: 
brom  (it  rivativcs  are  prepared  by  oxidation  of 
the  correspondingly  sutwUtuted  ^lenes  (Kupp, 
Ber.  1896.  29.  ml). 

2-Nltro-  and  4-nitro-i'sophthaUc  iicids  have 
been  prepared  by  Uolleman  (Bee.  trav.  chim. 
27,  290:  Cbera.  Zentr.  1998,  n.  2011)  byoxi- 
dis'int!;  tho  corresponding  nitro-m-xylenos  with 
alkaliuu  permanganate.  Direct  nitration  of 
ijfophthalio  M^d  with  concentrated  nitric  aeid 
at  30*  was  found  to  give  97  p.c.  6-nitro-  and 
3  p.c.  4-nitroi«oPbthalio  acids.  The  2-nitro- 
and  4-nitro/«oPhthalio  aoida  melt  »t  800*  end 
245"  respeotiTely. 

ivoPmhalie  aHehyde  ia  prepared  in  theorettoal 
yields  fnun  tu  tetrabronio-m-xylcne  by  boiling 
with  polii.s.>«iuai  oxalate  la  aqueous  alcohol. 
It  melts  at  89'5*  and  exists  a.s  colourless  silky 
needles.  The  dioxide  n>«;lts  nt  ISO"  (Thiele 
and  Giinther,  Annalen,  lUUG.  347,  1U9). 

TerephUuUle  «eld  r ;;ara-phthAlio  ecid)— 

COOH 


in  nitrobenzene  solution,  and  is  "^aid  to  produoe 
a  yeUow  dye  (D.  B.  P.  210980;  Eng.  Bat. 
27088;  IML  1908-1910.  m). 

By  reducing  terephthalic  acid  with  sodium 
amalgam  in  aqueous  solution  through  which 
a  stream  of  oarbon  dioxide  -was  passed,  Baevcr 
(Annalen,  1888,  245,  142;  1889,  261,  257; 
1892,  269.  148)  was  able  to  show  that  two  atoms 
of  hydrogen  attach  themselves  to  the  a-oarbon 
atoms  in  the  molecule. 

Tmns-^^'^-dikydroierephlhalic  acid 
.COOH 


\ 


0 


crystallises  out  first  from  the  acidiBcd  product. 

Uld  may  bi;  chnracterideii  by  its  methyl  e^t^cr, 
m.p.  77* ;  the  acid  scorns  to  have  no  dofinilc 
melting-point. 

The  ri^- A^'^-acid  is  extracted  from  the 
mother  liquors  by  means  of  ether ;  its  salts  ave 
more  soluble  than  those  of  the  trstis-form.  The 

tran«-form  may  also  bo  prepared  by  el«  ( indysis 
of  a  warm  alcoholic  solution  of  terephthalic 
acid  containinc  aqueous  sulphuric  aoia  (Hetfe- 
ler.  Ber.  lOOfi.  39.  2933).  Alkaline  perman- 
ganate reoonvert*  it  into  terephthalic  aoid. 
As  the  double  linkings  are  both  situated  in 
0y  positions,  inversifm  into  acids  containing 
ajS-  double  linkings  i:i  readily  eUevUKl.  This 
takes  place  in  tivo  stages,  giving  the  and 
A^^aoida— 

COOH 


A^-dihydroierephthalk  acid 


COOH 

is  formed  by  the  oxidation  of  most  derivatt\  eii  ut 
benzene  having  carbon  ehldul  in  the  para  posi- 
tion, e.g.  the  terpenos,  para-xylene,  p-toluio 
acid,  &c.,   and   by   the   analogous  methods 

fjivcn  under  MoPhtlialio  acid,  such  as  the 
usion  of  p-disulpho  benzene  with  sodium 
formate  (Remsen,  Ber.  1872,  6.  379).  It  may 
be  prepared  Ijv  Bacver's  method  (Annalen, 
1888,  245,  139).  from  dibromo-p  xylene, 
G«H«(CH,Br),,  by  digestion  uith  potassium 
ncrtato  in  absolute  alcohol,  and  siihsf?quent 
oxidation  of  the  acetate,  C,n«(CH80  OCCH,)i 
with  alkaline  permanganate  ;  or  by  the  method 
of  Beibitciu  (Annalen,  1866,  133.  41),  in  which 
p-xylene  is  oxidi.^cd  with  chromic  acid 
mixture. 

Terephthaiio  acid  is  a  white  cr^stalliuc 
powder,  which  sublimes  without  meltmg;  its 

dlinrtJiiiJ  f— ter  melts  at  140*.  The  acid  is  very 
.^|):irinL'lv  suluble  in  water,  aleohol,  acetic  aci4, 
(  tlu  r,  or  '  tiloroform.  When  healed  with  lime 
it  yiekls  benzene.  Phthalie  acid  ])recipitate8 
terephthalic  acid  from  it^  salts  in  solution. 

Terephthalic  a<  id  in  thf-  form  of  its  chloride 
has  been  oondensed  with  «*anuno^uithraqttin<me 


X 


is 


H-^  ^CSOOH 

obtained  by  boiling  the  above  A~'^-acid  with 
water,  and  may  therefore  be  prepared  directly 
from  terephthalic  aoid  by  teduotion  in  hot 
.Hohit  ion .  Its  methyl  ester  melts  at  40*.  ]?\irther 
treatment  with  sodium  amalgam  produces  the 
a"  -tetrahydro  acid,  following  the  rule  that  it  IB 
only  a&  double- bonds  which  undergo  reduction 
under  these  conditions — 

OOOH  HOOC^H 

v 


f 


Hi 


H'      (  OOH 
a1.& 


h/  COOH 


COOH 


( 


COOH 


ohlnitii  il  fri'iu  vitln-r  the  a"'**- or  A^'^-ncid  by 
warming  \vith  enu-^iic  ivuda.  both  double  bunds 
faeiniE  now  in  a3  positions.  It  is  therefore 
read^j  prepared  by  reducing  terephthalic  acid 
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with  fodiain  arnalgani  in  alkftUne  solution. 
The  meiAyi  Mitr  melts  at  130*. 


COOH 


A^-dihydmenphOtdie  acid 


>0H 

I'lilirtnnide 


of 


PHTHAUO 

ACIXJ. 

I      PHTHAUDB  V.  LAcromts. 

I      PHYCITE.    M:  ritieul  with  erythrol  (7.r.). 
I      PHYSOSTIGMiNE  v.  Uiujeal  beak  ;  *ibo 

1  VkOI  1  VIKALOIDS. 

'      PiiyTl]f»  inoaitol  phosphoric  acid 

C,H.(P04H,)., 
ooooia  in  many  plant  seeds,  nsoftU^r  as  the 

caloium-niagiicMum  salt.  In  bran,  in  thv  sfcds 
of  red-fir,  p«aa,  beans,  pumpkin,  red  and  yellow 
lupin,  and  in  the  potato  and  other  tubers  and 
bulba,  the  greater  part  of  tlic  phosphorus  exists 
in  thiH  form  (FtiUtiu  and  ihirt,  Amer.  Chem.  J. 
1904,  31,  564). 

It  oooitxa  to  the  extent  of  2  P.O.  in  wheat 
bran  and  8  p.o  in  rice-bran  (Suzaki  and  others, 
Bull.  Coll.  Agric.  Tokyu.  1<»<>7,  7,  Ado),  and  is 
prvx>urid  from  thm  latter  by  extraction  with 
U'2  p.c.  hydfoehlorie  acid.   It  is  purified  1^ 
precipitating  ivitli  magnesia,  washing  the  pre- 
(  paratiuu,  di.s.-^tiiving  iii  acid  and  deuolouritmg 
with  charcfKil,  and  again  preoipitating  with 
magiH-.sja   (Contardi,   Atti.   K.   Atcad.  Lincei. 
ItKjy,  [V.J  la,  i,  l)-4j.    It  la  .soluldt-  HI  water  and 
'  dilute  alcohol ;  insoluble  in  In      <ic,  other,  &o. ; 
it  do^  not  cnvtalliae  (Posteroak,  Compt.  tend. 
1903,  1 37.  337  and  439).   In  plants  it  is  aaiooi. 
ated  with  an  enzyme,  ph\)hi.<e,  by  which  it  iS 
hydrolysed  into  inositol  and  phosphoiio  add; 
I  this  hydrolysis  can  also  be  brought  about  by 
dilutf.^  acids  or  b}'  20  p.e.  caustic  soda  at  220* 
(WintcTbtem,  Zeitisuh.  phytiiol.  Chem.  1908,  68, 
118;  aee  also  Neubcn?,  BioeJu-ai.  Zejtsch.  1908^ 
;  9,  657  :  Uvene,  ibU,  1908^  16,  389;  Meabeig, 
!  ibid,  lUU'J,  lU,  406). 

The  solution  of  the  pure  acid  is  stable  and, 
1  when  administeied  to  aoiouUs  by  the  mouth, 
nsttt  about  280*,  and  is  obtained  from  the  ir^  i  has  no  tU  effects  (Ifmdel  and  Underbill,  Amer. 
dibjdfo  aoid  or  from  the  dibromo-A^'^-aoid  by  ,  J'-  Physiol.  liKlfi,  17,  75) ;  35  p.c  is  absorbed  by 
nduction.   The  methyl  ester  melts  at  3^.  j      organism,  the  remainder  bcioA  eliminated  as 

CU-A*  telrahydnterephiMic  add  is  formed  inoiganto  phosphates  (Homer,  Bioehem.  Zeit. 

together  with  the  trans-form  by  reducing  the  a*'*-  ^«^^™RPnT  /  ^hvt^^rin  \ 
dihydro-acid  with  sodium  amalgam  in  the  oold.        PHYTOSTEROL  (phytosterm) 

I  CmHmO.HiO,  or  Ct^H^O 

TtM-ktaahydroterephihalicacid  ia  vegetable  cholesterin  (Hesse,  Annalen,  1872, 

.COOU  182,  176).   it  is  oontained  in  calabar  beans, 

>^  in  tihe  bailc  of  Smitamdis  vtrginiana  (Linn.) 

f  \  (Griittner,  Arch.  Pharra.  1898,  230,  278);  in 

X  /  the  bark  oi  Uerbtris  ;  in  Ergot,  in  the  leaves  oi 

>  Eri(Hiirttfon  crasaifolivm  (Benth.)  (Power  and 

HOOC^  NH  1  utin,  Pharm.  Rev.  1906  24,  300)  ;  in  pnmas 

is  form©*!  on  heating  the  tetrahydro  acids  with  '  bark  (Finnemore,  Pharm.  J.  1010,  [iv.]  .11,  t;04) ; 
aqueous  hydriodio  acid  at  240*.  It  melts  at  i  in  the  dried  rhizome  and  roots  of  the  yc How 
.300°;    \{^  methyl  r.4er  melts  at  71°  ( Baeyer,   jasmine  (Moore,  Chem.  vSoc.  Trans.  1910,  2226), 


prepared  indirectly  from  the 
A^-tetrahydrotereplithahc  acid  by  the  action  of 
ujetlivi  alcoholio  potash.  Its  mdhyl  exter  melts 
at  86*  In  accordance  with  Thiele's  view  of  the 
reduction  of  conjugated  double  linkings,  it 
reUueed  to  i&~-tetrahydroterephtbalic  acid. 

COOH 


A>»Ts<W>fdHiftwii|iiitfiq?fe  aM 


U  prepared  by  boiling  1  part  of  terephlhalie 
acid  in  oanstio  soda  for  40  hours,  and  gradually 
addinff  100  parts  of  sodium  amalgam  (4  p.c). 
It  melts  al>ovt'  300* ;  the  nuihyl  t^Ur  mcltf  at 
39*  (Baeyer.  Bor.  1886,  19,  1805;  Annalen, 
1888»  240^100;  1880,258.32). 

Tfun»'A*4elmhydrraerephthalic  add 
HCOOti 
\! 

\  \ 
COOH 


Ber.  188t>,  19,  180<j;  Amuikn,  ISiiS,  2i5,  170; 
1889,  261,  267).  Its  synthesis  has  been  accom- 
plished by  Mackenzie  and  Perkin  (Chem.  Soc. 
Ttnrn.  1892,  61,  174). 

The  CIS.  form.  m.j).  162*.  is  obtained  by 
redncing  the  very  soluble  bromo-hcxabydxo- 
tci«phtnalio  aoid  with  bbo  dust  and  aoetio 
amd.    T*s  methyl  esft  r  "loes  not  crvRtalh'se. 

2 : 5-dleliloroterephth«lle  add  haa  been  pre- 
paiod  by  Bocchi  (Oaa.  ohim.  iUl.  26,  ii.  406) 
from  the  dwhlonMTmeiie  by  oxidation  with 

nitric  acid. 

Terephthalte  alddiyde  is  prepared  exactly  as 
described  in  the  case  of  phtnaUo  aldehyde  (An« 
nalen.  1906, 347, 1 10).  R  existB  as  kmg  needles. 


and  of  the  Cimcifuga  racemosa  (Nutt.)  (Finne- 
more,  Pharm.  J.  1010,  [iv.]  31,  142) ;  in  the 
lichen,  Endocarjxm  miniatum  (L.)  Ach.  (Hesse,  J. 
p.  Chem.  1898,  [ii.]  68,  466) ;  in  wh^^it  germs, 
in  tlie  wild  cherry  bark,  in  rape  oil,  in  coeuanut, 
cottonseed,  and  in  nearly  all  vogetabie  oil:*,  and 
in  various  lamp  oils  (Marcusson,  J.  Soc.  Chem. 
Ind.  lUOl,  484).  It  has  also  been  b  und,  pro- 
bably in  the  form  of  esters,  in  certain  peaty  soils 
(Schreiner  and  Shorez,  Chem.  New.'^,  1012,  105, 
40).  Sep  also  Kerstein  (Chem.  Zentr.  iHW,  ii. 
91);  Miiggc  (Zeitschr.  Nahr.  Cenuss.  1898,  I, 
4.'>);  Schmidt  and  Kerstcin  (Ar(;h.  Pharm.  [in  j 
28,  49);  Mntthes  and  Hohdich  (Ber.  H»08,  41, 
10,  1691);  JMfttthes  and  Ackermaikn  {ibid. 
2000);  OoW  <AK«b.  Phacm.  1908,  246,  610^ 
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092} ;  Powers  and  Rogerson  (n>arni.  J.  1909, 

iv.  2',>,  7  ;  ibid.  1910,  [iv.]  30,  320) ;  Saiii  (f 'l.i  m. 
ZiHtr.  1003,  i.  03);  Tarbouriccli  uid  LUnly 
[ihri.  imi,  ii.  069);  Sanders  (Arch,  rimriii. 
1008,  240,  105);  Matthes  and  Heit.tz  (.6//. 
Hm.  m,  101);  Klobb  (Conipt.  reud.  IIW, 
I  !  i  Hi!)) ;  Power  and  Mooro  (Chem.  Soc.  Tran-s. 
imi,  mi)i  Dot6o  {ibid.  U9)i  Kogersuu 
{ibid.  1910, 1012) ;  Menocd  and  MoreBchi  (Chera. 
Zentr.  1910.  i.  1777). 

Mxtrtciton.  The  seeds,  bark,  or  leaves  are 
treated  with  Ugroin,  the  solution  ia  then  evapor- 
ated, the  rpsifiue  dried  between  filter  pajwr  and 
crysttillist'd  frum  alcohol.  From  oils  and  fats 
phytostorol  is  obtained  by  eaponification  with 
alcoholic  alkali  and  aufjbtHiuftnt  cxtmctioo  with 
other  (Raumer,  Zeitisch.  uugcw.  Chcm.  1898,  24, 
565;  Wolf,  Chem.  Zeit.  1898,  22,  805;  lli  idn 
achka  and  Gloth»  Pharm.  Zeotr.-h.  1909.  00 
933).  Phytoaterol  ciystalliaea  in  neediee  and 
ill  [^ilattss,  i.s  .s<)]ii!)lo  in  chloroform,  but  insoluble 
in  water  and  in  alkaiia  and  gives  the  same 
reaction  as  chnleatwol  witii  ohlorofonn  and 
sulphuric  acid.   It  ha«  m.p.  132''-130°,  Uxil  this, 

wuli  as  itfl  constitution,  vanes  with  the 
source  from  which  it  is  obtained. 

Windaus  and  Hauth  hnve  n^snlved  the 
crude  phytoaterol  uf  tvilabar  Ixatii  into  two 
constituents:  (1)  '^iigina^Urol  or  0-phyto«Urol, 
<-'soUMO,HgO  or  C«,H4.0,H,0,  m.p.  170"; 
la]^45-0l»  at        in  CHCl,,  which  givea  a 

sparingly  8Qlttble(roiiu<i«  and  an ace<a<e,  m.p.  14 1^ 
and  a  Mm-bromo-aetMe  deoftmpoiiing  at  211"- 

212^ 

(2)  Sitosterol  or  a-phijtosterol,  Cg^Hi-O  or 
C'sjH^O,  m.p.  13(^-137''  [a]j^-3M*  in  cliloro- 

form,  which  ia  identical  with  the  phytoaterol 
contained  in  wheat  germs  (Burian,  ffonateh. 

1807.  18,  551).  It  yifhU  ix  rcadUy  soluble 
brouiide,  and  when  reduuid  with  .'^odiuni  and 
alcohol  fuiniij  dihydrophyto/derol,  V^^Hi^O,  m.p. 
175",  the  dichloride  of  w  hich  on  nxiuetion  yields 
dih/drophfitost€H€,  Cj-H^^  m.p.  80°-81°.  It  ie 
probable  that  most  of  the  phytobtcrols  of  m.p. 
aboat  135°  consist  entirely  or  chieflv  of  sitosterol 
(Ber.  1906,39, 4378;  ibid.  1907, 40, 3081 ;  Ptckard 
and  V  acs, Chem. Soc. Trans.  iStOS,  lii2<) ;  Wiii-lau- 
aud  Welsch,  Ber.  1909,  42,  612).  According  to 
Thonia  (AnA.  Fharm.  1^,  S9)»  the  term 
phytostcrol  should  be  given  to  all  unsaturated 
alcohols  of  high  niukcular  weight,  which  give 
the  characteristi*  eliolosterol  colour  rwiction-n 
and  which  owe  tlnir  origin  to  physiological 
processes  similar  to  those-  producing  cholesterol. 

PfiytoHcrol  esters  may  be  obtained  by  heating 
the  alcohol  with  6  times  its  weight  oi  the  re- 
quired add  or  anhydride  in  a  sealed  tube  on  the 
water  bath.  The  melting-points  of  gome  of  the 
esters  differ  with  the  souree  of  the  phytoaterol, 
but  in  all  cattes  t  hey  are  considerably  nigher  than 
the  correspon'Mng  ehoU.'^lt ml  esters,  and  tliis 
can  be  used  aa  one  mctho<i  of  distinguishing 
between  tlie  two  alcohols  (Homer  and  Winter, 
Zeitsch.  Nahr.  Genus.sm.  llKJl,  4,  865  ;  Jaeger, 
Rec.  trnv.  chim.  HX)7,  2r>,  311  ;  Menozzi  and 
Moreschi,  I.e.);  for  other  methods  compare 
Kreia  (Chem.  Zeit.  1899.  23.  21);  Ottolenghi 
(Attl.  R  Aeead.  Lincei.  1006,  |v.]  15,  i.  44); 

Jaeger  (Hec.  tnn.  cliim.   lOOC..  IT..  334).  The 

^eparation  of  phjtostcroi  from  cholei«terol  is 
baaed  on  the  diffecenca  of  the  solubiiity  of  their 


,  dibromides  in  a  roixtuTo  of  ether  and  glaeuu 

acetic  ucid  (AVhulaub,  Them.  Zeit.  lOOO.  3lL 
1011).  For  the  drt^-ctiou  and  etttimaliuu  t.>l 
phvtosterol  in  fat.s,  .sec  Kreis  and  Wolf,  Chcin. 
/.If.  1898,  22,  805  ;  Foer.ster,  ih>:d.  ISHl*,  23,  J88; 
\\  ii  llde,  U)id.  254) ;  Kreis  ami  Kudin,  ibid.  986  ; 
•Juekonack  and  Hilger,  Arch.  Pharm.  1898,  230, 
367  ;  Ritter.  Chem.  Zeit.  1001.  26.  872  ;  ibieL 
1902,  26,  Rep.  100. 

I'or  ('tiler  literature  on  phytosterol,  compaic 

1  Power  and  Tutin  (Chem.  Soc  Trans.  1908,  WO); 

!  Molinaii  and  Fenardi  (Ber.  1908.  41.  2785} ; 
Hciduaehka  and  Gloth  (Cham.  Zentr.  1908^  ii. 

,  1519). 

I      PICAMAR  C,„H,40,  is  e;i<ily  ibtained  from 

wood  (;,r;  prefriahly  from  birch  tar.  whit  !; 
conluaib  it  in  largest  quantity.  It  is  isolateii 
by  means  of  its  potas.«ium  compound,  which  is 

'  purifu-d  by  recrvHtjillisution  and  decompose<l 
by  au  acid ;  is  a  colourleiis,  highly-refracting 
oil ;  b.p.  290^  (corr.);  andofap.gr.  M0228at  15". 
It  has  a  bitter  taste,  savouring  of  pepper* 

I  mint,  and  a  cliaracteristic  smoky  smell.  It  is 
only  slightly  soluble  in  water,  but  freely  .--i  .luble  lu 
alcohol  or  acetic  acifi    Its  most  chaructoristic 

'  reactions  are  the  intense  Une^green  otdonration 
whii-li  it  give?;  with  ferrie  ildoride  in  alcoholic 
Hulutiun,  &wl  the  iui>olnbiii  comiKjuuUs  it  forms 
with  the  alkahs  and  alkaline  earths.  Heated 

I  with  hydroehli-rie  acid  iit  1  lO'^  it  is  decom- 
pose<l  with  formation  of  methyl  chloride,  and  a 
crystalline  prodnct  (nLp.  80*^)  identical  in  com- 

j  position  and  properties  with  the  substance 

I  similarly  obtained  by  Hofmann  (Ber.  11,  329) 
from  dimethylpropyl])yrojj;all<>l.  This  rea(>lu- 
tion  of  picamor  may  be  expressed  by  the 
equation 

C.oU  1 40,+ HCl  -  C,H ,  ,0,+ CH  ,C1. 
The  diaeeto-  derivative  C,oH|,(C,HsO),0,  is 
easily  obtained  by  boiling  picamar  (one  part) 
with  acetic  anhydiide  (two  part.*)  for  two  hours. 
Recrystailised  from  alcohol,  it  is  obtained  in 
long  colontlesa  needles  (m.p.  SS"*).  This  ia  oon*- 
v(  li  ed  ])y  the  action  of  bromine  into  the  dihrorao 
derivative  ( 'ioHiplir,(CjH,0),0,.  The  iHjtaa- 
num  compound  of  picamar  C,(,H,,K,0«  is  easily 
I  btainrd  by  th(  addition  of  alcoholic  potasli  t<» 
the  akolioiic  ii*ihition  of  the  yubstance.  The 
above  results  indicate  that  picamar  is  the 
monomethyl  derivative  of  a  higher  homologiie 
of  pyTogalU>l,  probably  propylpyrogaJlol,  and 
may  be  represented  therefore  by  the  consti* 
tutional  formula:  MeO(',H,(C,H;)(OH),. 

PICEA.  The  spruce-tirs  :  a  genus  of  trees 
lM<l«>nging  to  the  conifers,  the  most  important 
European  member  of  wliich  is  the  Korway 
Spruce  (P.  exeeha),  oonstittitin|r  tlwi  *  White 

Norway,'  Chri'-tiania,  and  Paii/ig  dials  of  the 
timber  merchant,  much  uwd  for  tliHinng,  joistfs 
utd  rafters.  The  waste  portions  of  the  trunks 
and  smaller  branches  are  made  into  splint«>  f.  r 
the  nniteh  manufacturer  (v.  MatcBSS).  Spruce 
wood  is  also  used  in  the  manu&etue  of  paper 
(r.  CELT.rxosK).  '  Spnice  rosin  *  or  '  frank- 
incense '  is  mainly  obtained  from  P.  excdm. 
and  is  uspd  in  making  the  better  varieties  uf 
Burgundy  piteli  {v.  Bi  uGt  nov  wtva).  The 
bark  ana  ynung  eones  of  8i»nie«  arf  employed 
:»s  tannin^.'  in.it-iiids  by  tl;r  X.'r-e  pen.santry 
and  an  iufubion  ol  the  buds  in  milk  is  used  by 
.  them  aa  a  remady  lor  aeony.  S^nioo  beer  is 
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mado  by  addiM  *  dMootlon  of  the  noen  cone 

to  the  wott  before  fermentation,  needled 
of  tihe  Norway  spruce,  common  tulver  tir  {AbieM 
nUia),  iiutl  suiu<;  other  conifers  are  luied  in  the 
numuiacture  of  *uiiie  wool'  or  *ion:at  wool,' 
whidi  is  apnii  and  iroTen  irith  eotton  or  wool 
to  make  ^  hygienic  flannel.^  Tin-  Mack  .spruce 
(jP.  nigra)  is  chiefly  fouad  in  Canada  and  New- 
foundland. The  spimee  beer  of  America  is 
made  from  the  young  shoots  of  Ihi-*  tree  :  the 
concentrated  iufumna  of  tiie  buiLn  constitutes 
*  JBsseoce  of  Spruce.'  Another  species  found  in 
Canada  i.s  the  White  Spruce  (P.  o/Aa). 

Cloeeiy  allied  to  Picea  \ti  Tauga,  including  the 
HemUick  Spruco  {T.  ccinadeMsUlt  the  ba»  of 
which  is  used  for  tanniiw. 

Another  ally  is  the  i3ouglas  fir  {Pseitdotsuga 
Dowjlaait  Mn«I  P.  tiutcrncarpif),  wliich  fri'quciitly 
rises  to  a.  height  of  2(KI  feet  with  a  trunk  measur- 
ing 8  to  10  in  diwrneter :  its  timber  is  imported 
as  Omwn  pine. 

PICSNE.  Picene  is  contained  in  tiie  lt;ii^>l 
volatile  portions  of  the  residues  from  I  he  recti- 
fication of  petn ileum.  It  in  ono  of  the  leapt 
soluble  consUluuuts,  utid  ia  best  obtained  by 
continual  boiling  with  heavy  coal-tar  oils  and  a 
smail  quantity  w  strong  sulphuric  acid.  Fioene 
*  forms  small  omoniicss  IameLla\  -^lightly  affeoted 
hy  ordinary  solvents,  the  bedt  being  aniline, 
toluene,  and  the  heavy  coal-tar  oils.  Fuming 
snlphnrio  aoid  dissolves  it  with  an  emerald-green 
colouration  ;  ordiiuiry  sulphuric  aoid  acts  in  the 
same  wav.  if  in  the  Litter  uiuic  heat  be  gradu- 
ally ftnt^ied  the  colour  ul  the  solution  changes 
from  blue  to  greyish  blue,  and  finally,  at  the 
buiiing-jwint,  to  deep  grey.  II  forms  con- 
jugated sulpho  acids,  characterised  by  the 
beMttiful  bine'green fluorescence  of  their  aqueous 
Molntloas.  Picene  melta  at  335*  to  3:^7",  and 
b<>n>  at  51**-  t  Its  vapour  density  is  9-77, 

the  formula  i/^a^u  requiring  9-&6.  With  picric 
acid  it  forms  a  red  crystalline  oomponnd,  eaafly 
decomposed  by  water  and  alcohoL  It  is  ^n 
orange-red  crystalline  powder,  which,  on  heating, 
h  partly  decomposed  and  partly  volatilised  in 
the  form  of  tliin  needles.  The  latter  melt  at 
IW,  are  insoluble  iii  water  and  ikjdium  bisul- 
phite, but  easily  soluble  in  oold  sulphuric  acid. 
Whea  strongly  heated  with  sine-dust^  jpicene 
ia  obtained,  and  at  a  lower  temperature  pioene- 
oxide,  a  yellow  comjK)un  J  which  resembles  jiicene, 
melta  at  290",  and  has  the  formula  C^^^O. 
Dibromopioene  C„U,,Br,  is  obtained  by  bvomi- 
n/itiriff  a  solution  of  pioene  in  chloroform.  It 
ionnn  ioug  white  needles,  melting  at  2tH°  to  290°. 

PICOLINE,  PICOUmO  ACm  V.  Bon  oil. 

PICOTITE  t'.  Ctikomtte. 

PICRAJUC  ACID  V.  NiTKot  ui:NoLS. 

PICRIC    ACID    C«Ht(NO,),OH,  or  sym- 

OH 


mdHaU  trMlnpkmol, 


oldest  .irtifi'inl  organic  dyestuff,  Iiaving  been 
firat  prepared  by  VVouife  in  1771  by  the  action 
of  Strang  nitric  acid  on  indigo,  who  remarl<ed 
upon  its  remarkfilile  faculty  for  <lyeing  silk  a 
bright  yfUow  shade.  Haassmann  repeated  this 
preparation  in  1788,  and  investigated  its  acifl 
properties,  observing  too  its  extremely  bitter 
and  nauseating  taste  (J.  Phys.  Manli,  1788). 


Welter  obtained  it  later  as  a  def^adation  pro* 
duct  of  hsUk  with  lutric  acid  (Ann.  chim.  Pnye. 
[i.]  29,  301),  and  Liobig  was  the  tir^t  to  aiudyso 
tlie  substance,  dt -^t  ribing  its  salts  and  giving 
it  the  name  carbaznotio  fl«id  (Schwcigger's  Ann. 
47,  373).  Its  present  name  of  picrie  aeid 
((Jreek  wiV/joj  - bitter)  is  duo  to  Dumas,  who 
delinitely  established  its  composition.  Laurent 
eflected  its  synthesis  from  pliencl  and  ascertained 
itb  chemical  constitution  (Ann.  ohim.  Phys. 
[iii.l  3,  221). 

Picric  add  has  been  known  in  the  literature 
under  various  names,  such  as  yellow  gall,  bitter 
yellow,  or  as  chry.Holepinic  avid,  a  name  due  to 
Sohunck.  Concerning  picric  aci<i  there  is  an 
extensive  bibiiography,  much  of  which  is  duo 
t  i  >  early  workers  at  the  beginning  of  last  century, 
when  the  dyeing  properties  of  this  subetanco 
were  oonaiflered  important ;  only  a  selection  of 
tiiese  references  can  be  given  here,  along  with 
the  more  recent  investigations. 

Preparation.  For  its  laboratory  prepara- 
tion, one  part  of  pure  phenol  is  dissolved  in  an 
equal  weight  ol  <'oncentrntr<!  sulphuric  acid, 
and  this  solution  added  to  3  parti*  of  nitric  acid 
of  sp.gr.  1-4  in  small  quantities  at  a  time  ;  after 
the  hist  energetic  action  has  subsided,  the 
mfxture  is  mclull^  heated  on  a  water  bath  for 
2  hours.  On  eoohng,  the  product  solidifies  to 
a  mass  of  crystals,  which  are  colieoted,  washed, 
and  reerystallised  from  hot  water  (Laurent, 
Ann.  Chim.  Phys.  [iii.]  3,  221). 

It  has  been  obtained  by  the  action  of  hot 
nitric  acid  on  indigo  (Woulfc) ;  aloes  (Schunok, 
Annalen.  :^'>.  7  ;  65,  234  ;  c/.  Marchand,  J.  ^r. 
Chem.  ii.j  44,  (U);  Jloiauy  Bay  ox  Acaroid  reMn, 
the  resbi  of  XanDumhoea  haeiUi»  (R.  Br  J  (Sten- 
honse,  Chem.  Soc.  Mem.  3, 10;  liolley.W.  J..  1868, 
460 ;  Wittstein,  Dingl.  .1.  216,  272) ;  gum  h«mn 
(Lea,  Sillman's  Amer.  .7.  [ii.]26,  381 ;  Knpp,  Ann. 
chim.  Phys.  liii.]  13, 233); Mltciit  (Piria,  Annalen, 
56,  63);  Mltgenint  saHesUe  aeU,  pAIomtn,  cou- 
vuirin,  balsam  of  Peru,  irihromo-phenol,  the 
niirophencls,  and  in  general  is  the  ultimate 
product  of  nitric  acid  upon  most  mounplienoli<! 
snb^^tnnces      Harding*  Chem.  Soc.  Trans.  1911* 

yu,  io8r>). 

Other  interesting  methods  of  formation  arc 
the  following:  oxidation  of  sjmmetticai  tri- 
nitrobenzene  with  potasainm  mrioyanide ;  the 
acidic  nature  of  the  nitro  irroups  faeili'ates 
the  substitution  of  -OH  for  M  (Hefp,  Ber.  1880, 
IS,  2346) ;  aqueous  aodlum  carlxniate  on  pioi^ 
chloride  (Ber.  1870,  3,  98;  J.  pr.  Chem. 
1.  145). 

Mamifiicture.   Picrio  acid   was  formeny 

manufactured  from  acaroid  rrsin  until  Lau- 
rent's discovery  ol  the  fact  tlmt  it  forms  the 
end  product  of  the  nitration  of  phenol  led  to 
the  adoption  of  this  method  for  its^^oduo- 
tion.  At  first  impure  phenol,  b.p.  lW*-lflO^, 
was  employed  (Balard,  Wagner's  .T.  1802, 
r>8r)},  but  this  was  soon  replaced  by  the  pure 
crystallised  subatanoe  whieb  is  now  Tecy  largely 
used.  To  avoid  the  violent  reaction  %vhich 
ensues  on  nitrating  phenol,  and  to  Irfsen  the 
amount  of  resinous  by-products,  it  is  usual  to 
sulphonato  thr  pitenol  in  the  first  iu.sluncc,  and 
then  net  on  the  re.xidting  phenol.><id phonic  acid 
with  nitric  acid.  According  to  Marzcll  (Chem. 
News,  37,  146),  equal  weights  of  pure  crystal- 
Used  phenol  and  sulphurio  acid  (sp-gr.  1-843) 
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aie  hAated  by  hicam  at  100'^  in  iMgo  iron  veesek 
provided  with  niechauical  stinen,  and  tho 
action  iu  allowed  to  continue  until  a  teat  speci- 
moa  ia  oomiiletaljr  soluble  iu  water ;  atrong , 
nitric  acid  (4*5  niol.  prop,  to  1  mtA.  phenol)  ia  I 
then  gradually  added  to  the  copied  pruiluct, 
wiiicU  is  kept  wall  sUrtod  until  the  reaction  is  • 
oomplcto.    In  aome  works  tha  nitriitioti  is 
conducted  in  a  second  vcs-ifl,  the  piienolsul- 
phouio  acid  b»iut$  tirtit  diluted  with  twice  the  | 
quantity  of  water,  and  then  added  gradually  to  | 
toa  strong  nitric  acid  contained  in  a  stoneware 
▼etMoL  in  either  case  the  picric  add  is  obtained 
as  an  oily,  syrupdikc  muss,  yielding  large  ciyntals 
on  oooling ;  these  are  broken  up^  separated  from 
tha  motfipr*UqnoT  either  in  a  filter  press  or  ; 
oentriftigal  machine,  wjished  once  or  twice  with 
oold  water,  and  then  recryst&llised  from  water 
containing  about  1  p.c.  ot  niteio  acid,  or  p.c. 
of  bulphuric  acid.     In  this  wu}'  much  of  the 
accompanying  rotjiuuus  niallur  i^  removed  and  f 
tha  aoid  a  further  purified  by  convenkm  into  ' 
aodinm  aalt^  inBuffioieirt  aodift-lyo  or  sodium  ' 
carbonate  nolntion  (1>a,  Billiman's  Amor  J. 
[ii].  32,  182)  Ix'ing  added  in  the  first  instance  in 
order  to  bring  about  the  separation  of  the  i 
remaindeac  of  toe  reanoua  matter.  Tho  filtered  I 
liquor  is   then   rendenvl    distinctly  alkaline, 
whereby  practically  the  whole  of  the  sodiaiu 
picrate  is  precipitated,  owing  to  its  insolubility  I 
in  the  iUknlino  liquid,  and   the  preeipitate  is 
pressed,  waaiani  with  oold  water,  and  finally 
decomposed  by  adding  an  excess  <^  solphnxio 
acid  to  its  solution  in  DoiUng  water — an  excess 
of  acid  being  employed  inasmuch  as  picric  acid 
i^  practically  inaolttUe  la  a  solution  of  iodimu 
bisulphate. 

An  inereased  yield  of  picric  aoid  ia  said  to  be 

obtained  by  heating  pliuuul  with  pyrosiilphuric 
acid  at  lOO'^-llO'*,  and  nitrating  the  reaultinu 
phenoltrisulphonic  n^id  at  100°  by  the  gradual 
additiim  of  the  cul  nl  ted  quantity  of  «  .dinni 
nitrutij  (Eisenmann  an<i  Aichc,  D.  K.  I'.  61321 
of  May  8,  1889;  Eng.  Pat.  4539  .  f  IS89). 

E.  do  Lorn  de  fiera  has  ]\>tente<i  a  method 
for  the  preparation  of  picric  acid  from  crude 
phenol  (D.  B.  P.  51603  of  dune  9,  1889;  Eng. 
Pat.  18904  of  1889).  Tha  crude  material  is 
either  fractionally  siUphonated— the  first  ftae- 
Uous  consisting  nf  phenolsulphnnic  arid,  which 
is  suhsequuiitly  uitraU^d — or  converted  wholly 
into  aulphonic  acid,  and  tho  mixture  of  sulphonic 
acids  fraction.nlly  nitrated,  the  last  fracti^ms 
consisting  of  picric  acid.  The  sulpho  deriva- 
tives of  too  oresoLi  are  very  i^oluble  in  water. 

Kdhler  (D.  P.  67074 ;  FrdL  1890-1894, 
804)  desoribea  a  process  consisting  of  heating 
100  parts  phenol  with  1000  parts  concentrated 
sulphuric  acid  for  2  hours  at  170**,  wluclx  gives 
rifle  to  phenol  disulphonie  acid  •  96  parts 
(1  raoh-eule)  nf  dry  powdered  Chile  saltpetre 
are  now  added  aiul  he  ited  to  140'^.  'Ihxa  nitro- 
phenol-disulphoui  u  id  is  diluted  with  320 
parts  of  water  and  heated  to  SC-W  with  24  { 
parts  Chile  wiltpetre,  idlowing  the  tenipeniturc 
to  reach  140"  in  about  2  hours. 

Gutensohn  (D.  B.  P.  126197-  Frdl,  1900- 
1902,  116)  propoaes  to  obviate  the  explosiTe 
violence  nf  tht-  direct  nifr  idi.n  nf  [jfirnfil  by 
adding  a  solution  of  phenol  in  hoatod  parafllit 
oU,  or  other  similar  mineral  oil,  to  •■trong  nitric 
acid  wiiieh  haa  also  been  oovvfed  by  a  layer  of 


paraffin,  further  qnantitiea  ot  ihia  oil  being 
added  from  time  to  time  to  diasolve  all  the 

Wichardt  (Fr.  Pat.  345441  o£  liKM  ;  Frdl. 
lMS-1007,  13t)  suggesta  a  method  of  pre- 
paring picric  aoiii  witnOut  external  heating,  by 
admixture  witJi  aliphatic  alcohols.  A  95  p.c- 
yicld  is  obtained  when  SO  parts  phenol  are 
mixed  by  constnnt  sfir'Mi".  with  100  parts 
nitrio  acid  (sp.«r.  i-i)  uiui  30  parts  ulcokol. 
Crude  picric  acid  scparatea  on  cooling. 

WenghoSer  {Ik  K.  P.  125096  ;  Eng.  Pat.  16371 
of  1900;  Frdl.  1900-1902,  115)  hae  used  ani- 
line as  the  initial  nuitcrial,  tkinverllng  lhi>^ 
into  suiphanilio  acid^  and  treating  the  diazotised 
product  with  nitrio  add ;  50  grama  anilinp  yield 
110  grams  picric  acid. 

In  the  process  of  Wolffen«tein  and  JiuLers 
(D.  R.  P.  194883;  Eng.  Pat.  17521  of  ltK)7  ;  Frdl. 
1908-1910.  141.  142]  ■UH)  grams  benzene,  1350 
grams  nitiic  acid  lKp.gr.  1-3'J),  and  60  grams 
mercuric  nitrate  are  mixed  and  warmed  on  the 
water-bath.  The  products  are  380  grams  piciio 
acid,  160  grams  nitrobenzene,  2  grama  o- 
nitrophenol.  J  ho  nitrohcnzene  is  removed  by 
distillation,  leaviug  crude  picric  acid  as  the 
redduo.  Oxides  of  nitrogen  may  be  nibstitatcd 
for  nitric  acid  in  presence  of  emwr  mecoviy  or 
its  salts  O).  R.  P.  214045). 
'  The  Government  regulations  for  the  maan* 
factnre  of  picric  acid  regard  it  a*  nn  explosive 
except  when  it  contains  not  less  ilian  iialf  its 
weight  of  moisture. 

Properties.  Picric  aoid  crystallites  from 
water  or  alcohol  in  lustrous,  bright-yellow 
IcaflctK,  and  from  ether  in  rhoudiic  prisiu.-  melt- 
ing at  122*6*  i  it  sublimes  when  cautiously 
heated,  but  ezplodeB  if  heated  rapidly  (Betthelot, 
Aon.  Chim.  Phy.H.  [vi.l  16.  21). 

It  i8  sparingly  noluble  in  cold,  but  more 
readily  soluble  in  hot,  vater,  1  part  of  the  acitl 
dissolving  in  16C  part  -  nf  water  at  6*,  in  86  parts 
at  15',  81  pari.-  at  2(i°.  77  parU  at  73 
{)art8  at  26*\  aixl  in  2<i  parte  at  79*  (Marehand, 
J.  pr.  Cbem.  [i.J  44.  92). 

I      The  Rolution  is  more  intensely  coloured  than 

the  ordinary  er\>taniMd  .--alt.  and  dyes  the 
skin  and  animal  fibres  a  deep  yellow ;  1  m.g. 
of  acid  in  a  litre  of  water  coloufa  the  aolution 
quitf  appm  i  . 

Picric  acid  ilis.'olvee!  readily  at  ordinary 
tenijx>rature8  in  alcohol  or  moist  ether,  and  in 
about  10  parti*  of  benzene  :  it  is  aho  soluble  in 
concentratc<l  sulphuric  acid,  fornuug  a  oolotttleas 
solution,  from  wjiich  tho  picric  aoid  may  be 
partially  precipitated  on  dilution. 

Picric  add  can  be  obtained  in  cciomrluB 
cr\-;als  on  recrystaUising  from  concentrated 
hydrochloric  ncicl  (\V.  Marckn^Id,  JJcr.  1900. 
33,  1128).  iiy  washing  these  crystals  ^nth 
wntvT  the\  develop  «  j'ollow  colour,  and  the 
almost  coioiait^.s  mother  liquor  also  becomes 
yellower  on  ddmi'  ii  with  water.  If  ordinary 
ipieric  acid  be  dried  over  concentrated  pul- 
phuric  anid  in  a  vacuum  desiccator,  it  gradually 
aMflunics  a  lighter  coloui .  m  l  ul'iniately  become.^ 
almost  colourless.  Pure  and  perfectly  drv  picric 
acid  may  therefore  be  oonmdcted  a  oolourleBs 
compound. 

It  has  Ixicn  projiosed  to  ex))lain  thci>c  facts 
by  the  disKociation  tlieory :  as  with  other 
strong  aoida,  ioniaation  ia  effected  in  preeence 
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of  a  mer»  tvue  of  «ftter»  foraaing  CgH,(NO,)/>— 

Mid  H,  tb»  former  complex  ion  being  yellow. 
If,  hoTVTvcr,  to  thin  ionineu  sdlid  or  to  its  aqueous 
solution  another  dlrong  auid  liko  hydroobloric 
or  sulphuric  acid  is  added,  then  the  piorie  ions 
associate  again,  the  complex  ionii  disappear  as 
such,  and  the  solution  becotncH  paler.  Ordinary 
or  nuii-«t  picric  acid  and  the  fused  acid  are  botn 


tioris  whh.  many  uri'malir  hyiirDcail.-in-  and 
phenoLy,  givmg  cry»tuliine  additive  compouiidti 
with  a  fair  degree  of  stAbility  (Fritzscbe,  J.  pr, 
Ch.-iii.  [i.";73.  212;  Annal.-n,  109,247;  fiorthdot. 

Benzene  fortnB  such  an  addition  product 
CjH,,  CeH,(NO,)jOH,  which  cryRtallises  in 
yellow  needles,  m.p.  Sfi'-iH)" ;  it  decomposes 
at   thr   ordinary   temperature   in  a  vaoaum 


yellow ;  even  Apeoiniens  of  the  almo«t  coloiurleea  i  desiooator,  or  by  solution  ia  water, 
acid  give  an  tnteoscly  yellow  melt.   A  striking  I      Naphihakne  forms  a  moleeular  oompomid 

illustration  of  those  facts  may  be  obtained  by  .  on  fusion  with  picric  ut-id  or  on  mixing  alcoluillL 
shaking  commercial  picric  acid  with  light  petro-  aolutionii  of  the  two  conipofienti),  yielding 
laam;  as  the  solv  ent  is  a  non-di^ciating  medium  goldwi-yellow  aystab,  m.p.  149-6** ;  ecvenu 


»coloiirIts.<  solution  is  obtained,  containing,  how 
ever,  only  lililts  picric  acid.  If  the  colourluiib 
petroleum  solution  be  now  shaken  with  water, 
the  aofaition  becomes  intensely  yellow.  Nearly 
oolonrleta  pierito  acid  separates  from  hot  con- 
centrated polutiuns  of  li|,'ht  petroleum  as  white 


cutcctic  mixtures  may  ii\,-o  In-  obtained.  It  is 
decomjx..st<l  Ia  large  excess  ol  alcohol  (iiapo- 
sehnikoff  and  R<lultowg]fv,  J.  Bum.  Fbm*  Cbem. 
Soo.  1903,  35,  1073). 

The  antkraeene  deriTattve  is  obtained  by 
mixiiii;  roncentratt  <1  alcoholic  solutiLms  of  the 


cr^'stals  on  cooling.  Similar  bleaching  eflecta  ,  hydrocarbon  and  ooid,  when  beautiful  ruby-red 
on  de«>tc<»ation  tmfr^  been  obeerred  on  fabiios  |  needle  separate  having  the  m.p.  138* :  ii  ia 

tiu  rii.-t  K  (  S  dyed  with  picric  acid  by  Dreaper  and  resolved  into  its  components  on  dis^olvin^  in  a 
Stokes  (J.  Soc.  Dyers,  Col.  1909,  25,  10).  Urge  volume  of  alcohol,  water,  or  ether  (c/. 

Anhydrous  ethyl  ether  dissolves  picric  acid   Behrend,  Zdtwh.  physilttL  CfluMn.  1894,  IS, 

only  sparingly,  and  the  solution  is  colourless  183). 

until  a  trace  of  water  \h>  admitted,  whun  the  r  Phe.nanihrcne  j'ields  a  stable  picric  acid 
colour  develops,  and  much  more  picric  acid  can  derivative,  which  may  be  recryittaUised  trom 
now  be  dissolved  in  the  moist  c  thrr  (Bougaolt,  aloohol  and  obtained  in  golden  yellow  crystals, 
J.  Fharm.  CShim.  1903,  [iii.]  18,  11  li).  m-P-  143°  (Hayduck,  Annalen,  1873,  167,  177). 

It  hi.-  been  stated  by  Vignon  ((  ompt.  rt  iid.  Ammonin  lil>cratts  tin-  hydrocarbon  in  the 
1909,  148,  S44)  that  the  depth  of  colour  of  u  ,  pure  state,  uliurdmg  a  means  of  eepaxatiou  of 
pknrio  acid  aohition  varies  aooording  to  ita  OQn> '  phenanthrene  from  anthracene. 


durtivity.  Aqueous  solutions  dye  wool  and 
tiicn  beotmie  impoverished  when  their  conduc- 
tivity diminiihea  to  a  certain  value.  This  im- 
poverishment  can  also  bf  broucht  abont  by 
adding  hydrochloric  acid.  The  Uxation  ot  the 
dye  un  the  iih<rr«  Vignon  ascribes  to  the  action 


Phenol  and  picric  acid  form  an  fidfliti\c' 
compuuud  which  melts  at  53*;  it  di  comix.scs 
at  100*  or  in  a  desiccator  over  sulphuric  ncid  at 
ordinary  temperatures  (Goedike,  Ber.  iS'j'.l,  2t!. 
3042).  The  same  author  has  made  a  picratu  ot 
acetophfnone,  and  suggests  the  rule  that  substi* 


of  the  highly  ionised  dyeatnfi,  the  complex  i  tuted  phenols,  &o.»  only  form  pioxatee  when  the 
ookmred  ions  combining  with  the  fibre ;  it '  aubstituent  is  m  the  o^efto^pontion. 

\Trmh\  -crm,  therefore,  to  be  not  a  -ah-foniiing        u-Ifophthol  picrate 
plienoraenon  (c/.  von  (ieorgievics,  Ber.  1900,  39,  \  CioH,(OH),C,U,(NO,)30f[ 
1536 }  Sommorhoj^  Zeit.  Parb.  Ind,  1906,  5,  crystalline  in  orange-yellow  needles,  m.p.  189*, 


270). 

Stcpanoff  (Annalen,  1910,  373,  219)  states 
that  the  solubility  of  picric  acid  in  wat^>r  de- 
freaut)!!  by  (he  addition  of  hydrochloric  acid, 
mittl  it  roaches  a  minimum  w'hen  the  solution 
(  .i  taiii^  roii;:I;!\  0-5  millimolecule  of  picric 
acid  and  150  miUimoieoaies  of  the  mineral  acid 
in  100  CO.  of  sobtioii,  after  which  the  sohi- 
bility  iiicrrn  rj  as  the  concentration  of  hydro- 
chloric atid  U-conies  creater.  Ha  explains  this 
change  as  being  due  to  an  additive  comjKJUnd  of 
picric  acid  and  hydrochloric  arid,  which  is 
stable  orUy  in  dejinite  conceulranoiio  oi  hydro- 
chloric acid,  and  dissolves  readily  in  thi.s  acid 
when  the  concentration  favourable  to  the  <-xi8t- 
enee  of  the  addition  compound  is  reached  {cf. 
also  J.  Rii.>s.  riiv  .  (1u  II).  h>..r.  1910,  42,  495). 


and  i   M  r\  >oluble  iti  ali  i,li(d  or  ether. 

The  ^naphthol  derivative  exists  as  yellow 
needles,  m.p.  166*.  readily  soluble  m  ucohol, 

ether,  or  ch!i  n  form,  ultliouph  di  ( «/iiipo*-td  by 
ammonia,  tbmbination  is  huhI  to  take  place 
according  to  the  law  of  adsorption,  as  theamount 
of  compound  fonned  d>  jkmh  on  the  concr iitrn- 
tion  of  the  hydrogen  ;uu^  (IVltH-JolivtL  uud 
Henny,  Bidl.  ><h.  Chim.  1909,  [iv.J  5,  623;  cf. 
also  Kuriiofi,  ZeitMh.  physikal.  Chem.  1897.  23» 
90,  673 ;  24,  441 ;  and  Bruni,  Gazz.  chini.  iUl. 
1898,  2K.  ii.  oOS). 

It  has  been  sliowii  by  13runi  and  Tomaui 
(Cbem.  Zentr.  1904,  ii.  964)  that  compounds 
possessing  an  nllyl  KroujMng,  t  Tl  -CH  :  (  Hj  in  . 
the  fcidf  chiiin,  like  j^afrol,  methyl  eugenoi,  and 
apiol,  do  not  combine  with  picric  acid,  wfailat 


Other  soluhilily  metesuniiicnts  in  vahous  compounds  containing  the  imimjiyl  grouping 
BMdja.aadvariousot.horphyMicaIpropertiee,have' — OH=CH-(_'H,  react  na<lilv.  Dioxvmethv- 
been  nb  .  r  -  !  bv  FitulJay  (Cheni.  Soo.  Tran6.  ... 
1902, a] .  l^iu.,  .Si^ky  (Bull.  Soc.  ehini.  1902.  [iii.] 
27.  901).  Man  iiand(J.pr.Chem.  1848,  [i.]44.91), 
DolinaJw(Bcr.  1905.  38.  1835).  lacker  (Zeitsch. 
phv.MkaL  Chcm.  1903.  46,  827  :  1904.  49.  r.ti3). 

iiL^  .n!f  (.J.  pii  .rui.  Chim.  1903,  [vi.]  18,  116), 
^'^^^'j^^^y^y^a^^  Clicm.  1908,  01,  495). 

Ficric  apid  possesses 


leiie  roni|Kiunds  like  piin  ronnl,  Bnd  ke  tones  such 
as  cyclohexanoue  also  form  well-dehned  ptcrates. 
Gibson  describes  the  picrate  of  nitroanilinc 

(Chem.  ,Soe.  Ti  an.-.  I90f>.  93,  21(X>).  nnd  'J  ddeu 
and  Forsw  r  liavc  jtrtjiared  a  crystalbDe  dcriva- 
ti\i.-  of  pin,  III-  and  f»iori<'  acid,  m.p.  133* (ClMm« 
Soe.  Trans.  IMW,  Ki.  l:\ss). 

In  addition  lu  the  above  adtiitive  pioiluets. 


we  property  of  oombnung  m  molecular  pcopor-  picric  acid  forms  vety  oharucteriftic  crystalline 
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rlerivativcs  with  most  organic  bases  like  pyridine 
and  the  alkaJoiUB,  and  therefore  providi'H  a 
Ifwiy  and  rahiable  means  for  their  purification 
un<l  idcntilii  itidii. 

Reactions.  rUosphonu  peutachlurido  con- 
verts picric  aoid  into  trinittoehlortKbeniietie/  or 
picryl  chloride,  ni.p.  83**.  FrrrouH  salu  or 
alcoholic  ammonium  sulphide  reUiuc  lUe  acid 
to  dinitro-aminophenol,  or  picramic  acid,  m.p. 
1G8®-169'*,  which  was  fdririf  rly  uscd  sm  a  browTi 
dye  (Girfiurd,  Coaipi.  nud.  3ti,  421);  whilst 
aqueous  ammonium  sulphide  rcduci-.n  il  to 
Uiaminonitiophenoi  (Griew,  Annalen,  1809, 154, 
202).  Oontplete  rednetion  of  aU  the  nitro 
grrtupH  ia  efffflcl  hy  tin  and  hydroclilnric  acid, 
the  triamiuu[)henul  thus  formed  being  charac- 
terised by  the  deep  blue  oolonr  which  it  gives  in 
aqiiPou.H  solotioii  with  feXTtO  ohJorido  (BoUSSin. 
Wagner's  J.,  IhUJ,  530). 

A  hot  aolntion  of  picric  acid  reacts  with 
potaasiuia  cyanide  forming  a  strongly  coloured, 
brown-red  solution  of  picrocyaminic  or  wo- 
putpuric  acid,  C,Hs(NOj),N{CN),OH,  formerly 
laiown  as  a  dyostuff,  grenat  brown  (Ulasiwetr., 
Annalen,  1859.  110.  290 ;  Zulkotraky,  Wagner'tf> 
J.,  1868,  661  ;  Kop]),  Bcr.  1872,  5,  664).  A 
like  reaction  occurs  with  the  oyauidesj  of  all  the 
alkalis  and  alkaline  earth  metaUs,  atui  with 
maffncsiuni.  cadmium,  and  7,inr,  wiiilst  sdver, 
copper,  ami  mercury  cyanides  do  not  show 
this  reaction  (Vare^  Cbnpt.  rend.  112,  330; 
119,662). 

Borsche'  has  contributed  to  our  knowledge 
"f  this  as  a  general  reaction  for  nitrophenols 
(Bcr.  1900,  33.  2719,  2995:  1903,  3ti,  4357; 
190i^  37,  1843.  4388).  and  ascribes  to  ito- 
purpiuic  acid  the  constitution 

C6(N0,),(CN),(0H)NH0H. 
Boiling  picrfo  aoid  with  alkalis  seems  to 

eliminate  onf  nitro  group  as  aiimuuiia, and  both 
prussic  aoid  and  a  nitrite  can  be  detected  in 
the  aqueous  sohliioa  as  alkali  salts  (Wedekind 
nm\  Hncussermann,  Brr.  1902,  35,  1133). 
Oxidation  with  hydrogen  |»eioxide  in  presence  of 
ferrouij  salts  yield.s  an  intense  green  solution, 
and  the  prmiuct  reacts  with  ])hcnyIhydrazino 
(Fenton  and  Jones,  Chem.  Soc.  Trans.  liiOO,  77, 
7C).  Oxidation  with  chromic  acid  causi  s  no 
liberation  of  nitrogen  (Oechsner  de  Coninok  and 
Oombe,  Oompt,  rend.  1899.  128^  239). 

Sodium  ciirlxinite  snt  ni.s  possess  a  six'cific 
property  oi  precipitating  sodmiii  picrate  from 
solution.  A  single  drop  of  a  cold  ^atm  ited 
solution  of  a  ]>icrate  added  to  10  c.c.  of  a  1  p.c 
solution  ui  the  carbonate  produces  a  slight 
turbidity,  and  with  increasing  concentration 
o£  the  carbonate  solation,  or  larger  quantities 
of  the  xriorate,  the  phenomenon  b(>ooines  still 
moii'  con-piciious  (Rtii'haid,  Z<Ii-clj.  anal. 
Chem.  1904,  43,  269),  The  potassium  salt  is 
very  sparingly  soluble,  and  for  this  reason 
BtTves  a'^  a  qu  ilitafive  test  for  j)<)tas«ium. 

A  IttjdraziUi  jncrate  C,Hi(NOj)30H,N2H4  is 
deecribed  b\  Sill),  rrad  and  Philli})*  ((.'hem.  iSoc. 
Trans.  1908,  93,  474).  Picric  acid  stains  may 
be  removed  liy  a  solution  of  alkaline  sulphide 
or  polysulphide,  followed  by  a  thorough  washing 
with  soap  and  water  (Ikiugault,  J.  Pharm.  Uhim. 
1908.  18.  168). 

Dfiection  and  rfdimation.  Picric  acid  not 
Volatile  in  steam,  and  can  refwlUy  be  detected 
by  its  bitter  taste  and  the  sparing  solubility  ol 


its  potassium  salt.  The  usual  tests  are  6vc  in 
number,  and  are  given  below,  with  their  limits 
of  sensitivenesR  subjoined  t  I.  The  isopurpuric 

acid  nailinii,  shuwiii'.^  a  IiIihhI  r(<l  <:olnural  ion 
on  worming  picric  acid  with  potassium  cyanide 
and  soda;  limit,  1:6000.  II.  The  picramic 
ncid  leaction.  giving  rinr  to  a  Moud-rril  colour 
on  heatuig  with  sodium  hydroxiiic  and  grape 
sugar;  limit,  1:7000.  HI.  Picramic  aoM  re- 
action Avith  sodiiirii  hytlroxidc  and  ammonium 
bulpbidu ;  liiuil,  J  ;  12,5(Xt.  iV.  Yellowish- 
green  crystalline  precipitate  of  hexagonal 
needles,  which  nokrise  light,  is  obtained  when 
ammoniaeal  solution  of  copper  sulphate  it 
added  to  picric  at  id  in  watt  r;  limit,  1  :  SO, 000. 
V.  By  dyeing  white  wool;  degree  of  tielicacy 
is  1 : 110,000.  The  reactions  II.  and  \.  are  Icsh 
srn.-itive  in  presence  of  fats  or  otIn  r  ini]>nriti<  -. 
ilyjusjirt  (Zeilsch.  anal.  Chem.  IhUT,  3*;,  813) 
describes  a  method  of  eztiacting  and  treating 
mixtures  containing  picric  acid  only  in  traces 
in  order  that  the  above  tests  may  subsequently 
bo  applicable.  The  mttlioi!  consists  in  niaia  rat- 
ing the  substance  with  dilute  sulphuric  acid, 
mixing  with  8  volumes  of  06  p.o.  alcohol  and 
-li-cstincr  for  24  hour^  at  SO'-OO".  After  tiltra- 
tiun  and  evaporation  of  the  alcohol,  any  tat  in 
removed  by  shaking  with  light  petroleum,  anil 
fhf  liquiil  is  then  acidified  wWh  )\V(lriK  hloric 
acid  and  extracted  repeatedly  tllur.  In 

cases  of  picric  acid  |)oisoning  the  urine  is  alwayi? 
coloured  red- brown  by  presence  of  jpiccamic  acid ; 
the  picric  acid  may  bo  extracted  with  ether  after 
simply  aciditying,  and  the  ahovtt  teaks,  pre* 
feraDl^  I.,  applied. 

An  aqueous  solution  of  picsric  acid  fdves  with 
mcthvknc  bhic.  in  tht^  cold,  a  violet  floconlcnt 
precipitate,  soluble  ui  ether,  chloroform,  or  hot 
water.  These  coloured  solutions  vary  from 
blue  to  frrrrti.  When  the  solution  in  chloroform 
is  evajK>ralt<l,  a  violet  residue  is  obUiiue<l 
(Swoboda,  Chem.  Zmtr,  1896,  ii.  717;  Zeitsch. 
anal.  Chem.  1897,  36,  513).  Lacquers  tested 
in  this  way  for  picric  acid  should  first  be  dip- 
solved  in  a  little  alcohol.  It  is  claim*  <1  that  the 
picramic  ncid  test  (11.  and  III.)  is  scmiitive  to 
1  part  Tier  hundred  thousand  if  the  reduction  is 
elk ct I'd  with  sodium  hyposulphite  in  prrsfnce 
of  ammonia  (Aloy  and  l;\cbault.  Bull.  tSoc.  chini. 
1906,  [ill.]  38.  496). 

Picric  acid  diffi  r?  from  the  iiifrocresols  in 
the  colourations  of  i\a  rt-duction  products  with 
stannous  chloride  aiul  hydrochloric  acid. 

RujK'au  desf  rilie.s  the  application  of  the  i«o- 
purpuric  acid  ie^t  (I.)  for  the  colorimetric 
estimation  of  picric  acid  in  beer;  it  is  claimeil 
that  O'Ol  gram  of  acid  per  litre  may  thus  be 
recognised  (Chem.  Zentr.  1897.  ii.  813).  A 
reagent  is  iiL'Licsted  consisting  of  5  grams 
ferrous  sulphate,  5  grams  tartaric  acid,  and 
200  c.c.  of  a  brine  solution  ;  0-6  gram  ol  the 
sample  I'f  \"  rx  allowcil  io  How  nn  to  1-2  c.c. 
of  the  abu\c  reagent,  ami  2  drops»  uf  ammonia 
are  added,  and  the  mixture  gently  shaken.  A 
reddinh  colouration  appears,  sensitive  to  0*006 
gram  j)icric  acid  pc*r  litre. 

Sehwnr/.  (Monatsh.  1898.  M.  139)  has  usc<l 
a  volumetric  method  for  the  determination 
of  nitro  derivatives  generally,  depending  upim 
till  !i  Herat  ion  of  iodine  h\  liratin;^  in  a  cIowhI 
vessel  at  100*  with  au  iodate  and  iodide.  This 
has  been  impmved  by  Fsder  (Chem.  Soc  Afaatr. 
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1006,  ii.  d09|,  who  merely  mixes  potassium 
iodide  and  iooate  with  ihe  picric  ncid  solulion, 
iodine  being  liberated,  which  is  estinuited  hy 

titrating  with  thi()'^nl]>hatp,  using  stArch  m'Iu- 
tion  as  indicator.  Fur  the  evaluation  of  ^iorio 
Mad  salts  it  is  neccopaiy  to  acidify  with  mineral 
acid,  extract  hmzene,  evaporate,  nnd 

redii58olve  tht-  rt-sidue  in  water  before  proceeding 
with  the  alK>vf  titration.  The  use  of  a  potas- 
sium iodide  holtitiori  .iftfr  hroniination  with 
bromine  water,  iu  order  to  deUrminc  the  amount 
of  halogen  absorbed,  is  recommended  by  Allen 
(Chcm.  See  Ikmu.  1888,  63,  692).  Sinnatt  has 
Mnployed  Kneolit's  method  of  titmtaoo  with 
titanous  chloride  for  the  estimatiun  of  the  addi- 
tive compound  with  naphthalene  (Cbem.  Soc. 
Proc.  1905,  18.  297;  cf.  Colman  and  Smith, 
f'hoin.  Soc.  lYans.  1900,  77.  128).  Picric  acid 
in  iXM  compound!)  with  or^'anic  baaes  has  been 
estimated  coloriint  trieully  by  KatOSOW  (Zeitsch. 
physiol.  Chcm.  1894,  20,  166) ;  e.g.  ptomaines 
are  readily  separated  from  mixtures  by  the 
addition  of  picric  acid  and  the  eonipound  can  be 
weighed;  but  the  author  recommends  the 
detenu  inatioQ  of  the  oomhined  picric  aoid 
oolorinictrieally  either  by  the  Fpcotrophoto- 
meter,  ur,  better,  by  the  use  of  Hoppe-Seylcr'h 
double  pipette  {if,  Zeitech.  physioL  Chem.  16, 
005). 

A  gra\  iiiH-tric  determination  of  picric  acid 
is  given  In  Busch  and  Blume  (ZeitadL  ta^vr. 
C^cm.  1908,  21,  354),  depending  upon  the  pre- 
cipitation of  nitron-pierate,  and  involving  the 
use  of  the  reagent  *  nitron  '  (deseribed  in  Bcr. 
igo.*),  38,  856).  Kitxon  jpiciate«  which  is  very 
sparingly  solvble^  eoniiste  of  lemon  •yellow 
needles,  and  after  drying  at  1 10*  is  wi^pied ; 

the  weight  muItiplicHl  by       gives  the  amount 

of  picric  acid  present  in  the  solution  examined. 
The  motiiocl  is  not  applicable  in  pieoenee  of 

hydrobromio,  hydriodic,  chloric,  perehloric, 
nitrous,  nitric,  or  chromic  acids. 

An  alternative  method  of  evolution,  due  to 
Uta  (Zeitach.  anal,  aieni.  1008,  47,  140),  is 
recorded,  in  which  picric  acid  is  oxidised  with 
hydrogen  peroxide  in  so<Iium  hydioside  solu- 
tion, and  the  nitric  acid  produced  is  jneeiiMtated 
as  insoluble  nitron-nitrate  and  subsequently 
weighed:  1  gram  =30*037406  j^rani  of  nitrupen. 

£i<ario  aciU  may  be  quantitatively  estimated 
by  pceeipitation  irith  acridhie,  moe  aoxidme 
picrato  b  very  sparingly  soluble  in  cold  water 
(Ansohats,  Ber.  17,  439). 

AdvUtmHottM.  Oommeroiidpierie  add  some- 

timrs  contains  impuritie  .  wl  K  n  cither  are  by- 
products— e^g.  resin,  oxalic  acid,  &o. — formed 
in  its  mannfaetue  and  insoAoienUy  remoyed  hv 
washinjj:.  or  arc  fraudulent  nriditions.  Accord- 
ing to  Wuickler  (Wagner's  J.,  1858,  401),  the 
following  impurities  may  be  recognised  thus  : — 
(1)  Betin:  dissolve  1  part  of  picric  aoid  in 
60  parts  of  boiling  water,  add  ^wi,  ,^  of  tht»  weight 
of  ,«ulphuric  (teid  and  filter.  A:i  y  m  will  he 
left  behind  on  the  filter  paper.  (2/  Oxalic  acid : 
aaamine  the  speoimen  microscopically,  or  dis- 
solve  1  part  in  100  partB  of  wafer,  and  estimato 
the  amount  by  precipitating  wah  ammonia  uad 
calcium  chloride  solution.  (3)  Nitre,  or  sodium 
sulphate :  treat  with  alcohol  to  dissolve  the 
picric  acid  nresent,  and  examine  the  saline 
vetidiM  fay  tne  otdinaiy  method.  (4)  Sugar: 


neutralise  with  potassium  carbonate,  evaporate 
to  drj-nesfl,  and  extract  the  sugar  by  repeated 
treatment  with  alcohol  ;  then  examino  the 
al(  (>holi(  e.xtraci  for  sugar  in  the  u^ual  wa  \. 

Casthvla?.  (Chcm.  Kews,  15, 140)  states  that 
common  salt  and  alum  are  sometimes  used  as 
adulterants  in  addition  to  the  foregoing,  and 
trcatii  the  speoimen  with  benz^c  or  ether, 
which  extract  the  whole  of  the  picric  acid,  but 
do  not  dissolve  the  oxaHc  acid  and  various  salts 
which  may  be  ])rcyent. 

Uses  is  Ikdustby 
Lhjfing.  Ficrie  aeid  has  the  property  of 
dj'eing  animal  fibre.s  and  ti.s.<utM  (iineil\  m  an 
acid  bath,  but  is  not  fixed  b^  cotton  or  other 
vegetable  fibres,  unless  previously  mordanted 
with  albTimrn  or  vith  n  tm'rtiire  of  aluminium 
and  magnesiiuui  ai:etati.s  ;  hence  it  is  fiouetimos 
used  as  a  means  of  detecting  cotton  in  luidyed 
silk  or  woollen  fabrics.  Its  tinctorial  powers  are 
great,  and  it  produces  on  silk  and  wool  a  clear, 
lirif^'lit  yellow,  which,  compared  with  most  other 
yellows,  appears  to  have  a  greenish  shade ;  but, 
owing  to  the  ookmr  being  fast  neither  to  light 
I  nor  washing,  picric  acid  is  now  but  little  usetl 
as  a  yellow  dye,  although  it  is  Ircquently  em- 
ployed to  {produce  compound  oolours  with  such 
dyes  as  benzaldehyde-gieen,  methyl>Ti<^t, 
iiidigo-cariDine,  &c. 

Picric  acid  has  been  used  in  the  prepare ti<m 
of  certain  other  dyestuffif  of  the  nigrosme  and 
induline  class ;  it  isinsed  with  variou.i  monamines 
Mich  a.s  aniline  and  its  hydrochloride,  in  presence 
of  ammonium  vanadate,  and  the  spirit-soluble 
dye  converted  into  water*8ohible  dye  by  sulpho* 
nation  and  formation  of  the  sodium  salt  ;  a 
nigrosine  oolouriDg  matter  residts.    ihc  indu- 
i  lines  involve  the  u^e  of  aromatic  diamines  in  a 
!  similar  manner,  and  glycerol  is  added  to  the 
j  melt  (D.  R.  PP.  84293,84294;  PrdL  1804-1897 
44^.  451 ;  ef.  also  Baooveeeu,  Chem.  Zentr.  1608, 
I  i.  2034). 

Snbstantire  eotton  dyee  have  been  prepared 

:  from  picric  an<l  picraniinic  acids  by  heating  in 
I  aqueous  solution  with  sulphur  and  alk^ine 

subhides  (D.  R.  P.  116791 ;  SML  1900-1902, 

740). 

!  Trnmin^.  Its  use  ni  the  leather  uidii.-try  is 
meiitiuntd  l>v  Watenburger  (Leather  Manu- 
facture. 1901",  12,  64;  J.  Soc.  Chem.  Ind. 
1901,  596).  After  tanning  the  hides  with  pit^io 
acid  solution,  they  are  all<  iw  i  d  to  drain  and  then 
transferred  to  a  1  p.o,  taunin  extract  for  12 
hours;  they  are  afterwards  washed,  partiaUy 
dried  an«l  fat  li(iuore<l,  and  finishe<l  in  the  usual 
way.  The  picric  acid  is  fixed  in  the  grain  of  the 
material  in  a  permanently  insoluble  form. 

Exphtiivf^.     Pieric  neifl  is  Tisually  '■aid  to 

j  explode  on  beating,  but  Berthelot  ha*i  iwinted 

I  out  (Compt.  rend.  lOfi^  1159)  that  this  is  only 
true  when  very  small  quantities  at  a  time  are 

'  suddenly  heated,  for  when  heat»-d  in  any  quantity 
tlie  acid  melts  and  give.v  otT  vajiours  which  bum 

I  with  a  luminous  flame  without  ejqiloBion ;  picric 

I  aoid,  moreover,  does  not  under  ordinary  con* 
ditions  explode  by  percusHion.  The  picrates, 
on  the  other  hand,  are  r<>adily  exploded  by 
heating  or  pereussion.  and  have  been  cm* 
jiIovk!  as  explosives-  I'-ad  pirratr,  for  ex- 
ample, being  Uticd  for  idling  percusitiou  vap» 

.  (ftat,  J.  1874,  1124).  IHciatee,  however,  do  not 
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contaiu  sufficient  oxygen  for  their  coruplcto 
combustion,  and  hence  mixtures  of  potaMj^iuui 
or  ammonium  picrate  with  either  nitre  or 
ix>tai<8ium  chlorate  have  been  employed 
(VVapner'8  J.  1871,  318)— Bnigere«'  picrate 
pc>\v<ler,  for  <  xaiii]»k',  consii<tirig  of  64  p.c.  am- 
uoniuui  x>icrate  and  4t)  p.c.  potassium  nitrate 
(Compt.  rend.  60,  716).  The  volumes  of  gas 
liberated  by  the  explosion  of  lead,  strontium, 
barium,  and  jxitastiium  picrates  re8i>ectively, 
and  of  mixtures  of  potassium  picrate  with  45  p.o. 
of  nitre  or  50  p.c.  of  potassium  chlorate,  have 
been  measured  by  Roux  and  Sarrau  (Compt. 
rend.  77,  478  :  79,  757),  and  the  volunie  and 
ooiDj[»oution  of  the  gas»  togetheir  with  the  com- 
position  of  the  residue  produoed  by  the  ezplo«ion 
of  potassium  piorato  niulcr  varying  pressures, 
have  been  dcterniiued  by  iSarrau  and  Vieille 
(Compt.  rend.  93,  61). 

Mixtures  of  picric  and  various  oxidising 
ageutti  have  been  projxiscd  au  explosives.  Thus 
A  solution  of  68*3  parts  of  picric  acid  and  41-7 
parts  of  nitrio  acid  (s^gr.  1'6)  explodes  with 
great  violence  and  without  smokft  when  fired 
with  II  ilrtoiiufor  (Sprtngfl,  Chem.  Soc.  Trans. 
1873,  800),  and  mixtures  of  aoalotoiiB  composi- 
tion stiffened  with  Mbestos  have  oeen  patented 
by  Punshon  (Eng.  Pat.  2242  of  1880,  11432  of 
1885)  whibt  Tsohimer  has  patented  an  explosive 
consisting  of  1  part  picric  acid,  1  part  ooal-tar, 
and  5  parte  potassium  chloratt^  (or  potassium 
permanganate!  in  uUiut  the  saniu  proportion), 
which  is  fired  by  jxrcussion  caps  (D.  K.  P.  15508 
of  Feb.  6, 1880).  These  mixtures  with  oxidising 
agents  have  tho  double  effect  of  decreasing  the 
force  of  tho  expl(i>inn,  and  at  th«^  same  tinif 
increasing  the  sensitiveness  of  picric  acid  to 
detonation.  Hflinite,  one  of  the  most  powerful 
PXj>Iosivt'.s  invcatcd,  is  said  to  consist  solely  of 
compressed  picric  acid.  According  to  Tuipin 
(Eng.  Pat.  15089  of  1885;  D.^R.  P.  38734 
of  Jan.  12,  ISSG;  Zcitsch.  Cheni.  Ind.  1,  193), 
picric  acid,  when  obtained  in  nmsiies  (1)  by  com- 
pression, (2)  by  admixture  with  gum  arabic 
solution  or  with  a  suitable  fat  or  oil,  or  (3)  by 
admixture  with  3-5  p.c.  of  collodion,  can  be 
explodi'd  in  (ilo-cd  vi-.-x  l.s  Ky  1-3  ^^rams  of 
silver  fulminate.  The  best  results  and  the  greatest 
insensitiveneas  are  attained  by  fusion  of  the 
acid,  since  a  mass  of  fused  picric  acid  cannot  I>e 
exploded  in  the  open  air  by  detonation  witii 
3  grams  of  silver  fulminate  introduced  into  the 
interior,  although  shells,  torpedoes.  &c.,  fdlcd 
with  liquid  picric  acid  (fused  at  130*-145°),and 
coole<l  slowly,  can  bo  exploded  by  a  charge  of 
quiok'buming  gunpowder  or  a  ptiminfi  of  picric 
aoid  powdwdstonated  by  1-5  grams  (rffolBiiiwte, 
t  he  cxploakm  being  one  of  the  most  destamotive 
known. 

An  account  of  the  most  important  metallio 

salts  with  tlnir  characteristic  pro  pert  ics  is  given 
below.  Tlieir  clud  uitereut  lies  in  the  explosive 
nature  of  these  derivatives  of  pieric  add  {v. 

EXFLOSIVBB). 

Saxm  or  PioBio  Aon». 

The  metallic  salts  may  be  prepared  by  bring- 
ing tOL'tthcr  picric  ncid  and  the  carhonatc  or 
oxide  of  the  metal,  and  evaporating  the  ^olution 
until  crystals  appear  on  cooling.  The  references 
to  the  literature  on  this  section  of  the  subject 


are  too  numerous  to  l>c  given,  and,  moreover, 
the  results  published  by  different  workere  are 
not  always  concordant.  An  ezoeUent  resumi 
and  bibU(»raphy  is  given  in  »  PH*nr  by  Silo 
berrad  and  Fhiuipe  (CSiem.  Soe.  Tians.  1908» 
93,  474),  who  reinvestigated  several  of  the 
metallic  salts. 

Aluminium  salt  [C,H,(N0,),0],AI,16H,0. 

Pale  yellow  needles.  Changes  to  idrahydrntf  at 
80°,  which  is  a  pale  yellow  powder  decomp<J^ing 
without  explosion  on  heating. 

Anunoidum  salt  exists  as  a  yellow  and  red 
variety,  both  anhydrous.  Thoy  volatilise  with- 
out detonation  on  heating.  oohlUe  in  WtSTt 
sparingly  so  in  alcohol. 

Birtdm  UK  [C,H,(NO,)30],Ba.5H,0.  Deep 
yellow  prisms,  sparingly  soluble  in  ct)ld  water. 
I  It  becomes  onAydrcnM  on  heating  at  80**,  giving 
I  a  yellow  powder  yAi&ok  explodes  wltii  violenee 
at  333°. 

Cadmium     salt  [C,H,(NO,)aO],Cd,7H,0. 
Yellow  hexagonal  plates;  yields  vb»  anhydrous 
.  salt  at  80",  whion  is  yellow  and  explodes 
violently  at  886*.    A  pentahvdrate  also  exists. 

Calcium  salt  [C8H.,(NO,)s6],<  a.  lOHjO.  Yel- 
,  low  plates;  yields anAy(iroi(«  salt  at  80",  which  is 
<  a  yeUow  powder  exploding  with  violence  at 
A  pf  titahi/dralr  is  kno\m. 

Chromium  salt  is  busio  and  ot  roinplcx  con- 
)  stitution.    Green  crv.stnls. 

Cobaltsalt[C JL('NO, o.iHH.O.  l^mmi 
needles.    The  he-xahijdrate  is  b<;tter  kiiuuTi  and 
1  exists  as  brown  laminas.    Both  these  give  the 
'  dihydcate  at  80",  and  the  anhydrous  salt  at  1 50", 
the  latter  being  a  brown  powder  exploding  at 
320". 

Copper saU(;C«U.(NO.),0].Cu,llU.O.  Green 
prisms,  wfaieh  yield  the  ankydrwu  salt  at  80*. 

TfTis  latt<'r  is  a  green ish«yel]ow  powder,  ex- 
ploding violcntlv  at  282". 

Ferric  salt  [C,H,(NO,),0],Fo,llH,0.  Red- 

dish-vellow  crystals. 

Ferrous  salt  rCjH,(N0,),0I^Fe,8H,0.  Ob- 
tained fn>m  barium  salt  and  ferrous  sulphate. 
Yellow  hexagonal  prisms.  Beoomee  anhydroiu 
in  vacuum  over  sulphurio  aeid,  yielding  a  dark 
green  powder,  which  exploded  feebly  at  315". 

Uthium  salt  C,H,(N0,),0Li,4H,0.  YeUow 
prismatio  needles,  changing  gradually  into  the 
dark  oranyo-ycllow  inonohyiraie.  This  becomes 
anhydrous  at  ir>()°,  giving  a  pale  yellow  jx)wder, 
which  cxiil  i  K    at  .31S", 

Lead  salt  [C,U,(N0,),0]Pb.4H,0.  SiU^ 
yellow  needles,  yielding  monohydrate  at  80'^, 
and  the  anhydrous  salt  at  150"  ;  the  last  of  these 
is  a  yellow  powder,  which  explodes  violent^-  at 
270*  and  diflers  from  all  the  other  salts  in  being 
e.xtrcinclv  sciisitivc  lo  shock  or  friction. 

Magnesium  salt  {X.;gH,(M0,),0JMg.9H,0. 
Silky,  yellow  needles.  Forms  also  a  hexahydratt 
and  dihydratc,  all  of  which  become  aohydroos 
at  160".    l':xplodes  feebly  at  3t)7". 

Manganese  salt  rc.H  ,(N0,),0]Mn,8H,0. 
Yellow  prisms.  At  80  forma  trihjfdnttt  and  at 
160* becomes  anhydrous:  this  last  is  yellow,  and 

explodes  with  violence  at  ^'25°. 

MerourysalttC.U,(NO,).Oj,Hg.4H.O.  Diffi- 
eult  to  prepare,  as  it  tends  to  pass  into  the 

basic  hrxnhydrnir,  the  nnhydrou.<t  salt  of  wfaioh 
volatili.ses  without  explosjion  on  heating. 

Nickel  salt  (0,H.(N02),01aNi,9|H.6.  Green 
needles.  Hexahydrate   forms  green  laminn 
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Botll  jrieUl  the  dihvdratc  at  80^.  and  the  fttlhy-  r  pota&-iiuii]  pbenate  iti  aqueoas  nlooholio  SohltfoD 
drons  salt  at  150°,  the  latter  being  ft  gieen  i  (Will  erodt.  Ber.  1879,  12.  1278). 
pcwder.  which  explodea  at  33C*.  !      /  ;etyl  picrate  C,H,(NO,)30  0C  UH3.  Deep 

Potassium  salt  C,H2(N02),OK,  is  anhydrou.s.  yellow  crydtala,  ni.p.  76*.  Becomposes,  giving 
It  oiystailiaes  from  aqoeoiu  aolutious  in  yellow  1  acetic  acid,  at  120^  Obtained  from  picric  acid 
IrideMent  prismatio  needhe,  and  explodes  at  I  and  aoetie  anhvAride  (Tommasi  and  David, 
811*.    Sparincly  soluble  in  cold  water.  Annalen,  169,  107:    Heirik( ,  Bcr.   1898,  31, ' 

Sflver  salt  C,H,(N0,)30Ag.  YeUow  an- |  1400;  v.  Pechmann,  Ber.  1900.  33,  629).  Very 
hydrous  salt,  exploding  feebly  at  330°.  sohikle  in  mm  aloohol  or  etlier. 

Sodium  salt  C,Hj(NO.),ONa.H  ,0.  Minut<>, 
yellow  needles,  yielding  anhydrous  salt  at  150", 
which  is  a  pale  jeUow  powder,  raploding  feebly 
at  310* 

Strontium  salt  rCjH.(N0,),01,Sr,6H,0,  yel 
rnonuLydraic  at  80*,  and 
200*.   Explodes  violenUy  at 


salt  rc, 

vidils 


anhydrous  salt  at 
S40*. 

Zinc  salt  rC,H,(N0,)30]„Zn. 911,0.  Y.-llow 
prismatic  needles;  yields  dihydratc  at  80°,  and 
anhydrous  salt  at  160*.  which  is  a  brovrniBh- 
yeUow  powder,  exploding  vioUntly  at  350*. 
The  hexahydrtiU  has  been  preparinl  and  also  an 
oetohydnUe, 

Cj.  paper  by  Kast  (Chom.  Soc.  Abstr. 
1011.100,852:  Zeitsch.  ges.  Schiess-Bprengstoff- 


OmB  IhnoyATTvss. 
Pieyrl  eUoride  CsIIjiNOj)/'].  CrystaUises 
from  ether  in  amber-yoUow  tables ;  from  alcohol 
in  almost  colourless  needles,  m.p.  83*.  Obtained 

by  the  action  of  phosphorus  pcntachlorido  on 
picric  acid.  Like  picric  acid  itaelf,  it  combines 
with  aromatic  byatooarbooe,  forming  additive 

prod  lifts  (Pifani.  Annalen,  1854,  92,  326; 
Lifbtrniann  and  Palm,  Btr.  1875,  8,  378). 

Picryl  bromUto  C(H,(NO,),Br.  Elongated, 

paU-  ydlow  platofs,  ni.p.  122°-!  2:5°  (Jack?on  and 
Earle,  Amer.  Chem.  J.  1903,  29  212).  Obtained 
bv  nitratine  broniobenzene. 

PIttamlde  C^«(IiO.)^Ut  (trinitmiiline). 
Prepared  by  action  of  ammonia  on  picryl 

chloride  or   on  ethyl  picrate.    Dark  Nfllow, 


WBsen.  1911.  6.  7). 

A  sodium  peroxide  derivaiivt  of  picric  acid  ,  monoclinic  tables,  m.p.  188*  (Uepp^  Annalen, 
G«H,(NO,),0— ONa  has  beea  patented  aa  a  '  1882,  21ff,  S0O:  SalkoWsky,  Annalen,  1873, 

-      ■         -     -    -    -    •■        -(^r^  ]^7) 

Plcramic 


very  jwwerlul  expIo.sive  (D.  R.  P.  96855  ;  Frdl. 
1897-1 9(K),  47).  It  is  prepared  by  heating  6 
grams  of  sodium  peroxide  in  2(H>  c-.c.  of  water 
containing  15'9  grams  of  picryl  chloridi-  for  2-3 
hours.  The  solution  becomes  deep  brown,  and 
deposits  red-brown  prisma  on  ooolteg,  whiob  are 
sparingly  soluble. 

A  picra<bomte  explosive,  described  by  Billet 
(J.  Soc.  Chem.  In^l.  I'MK),  1144),  is  obtained  by 
beating  aqueous  tiolutions  of  sodium  borate  and 
pierio  aoio. 

Girnrd  (J.  Soc.  Chem.  hu\.  1900.  1M4)  gives 
•newiiu-thodof  preparing  picrat<'9  for  explosives: 
n  mixture  of  30  kilos,  castor  oil  and  10  kilos,  of 
powdered  picric  acid  ia  tncorporatc<l  with  the 
theoretical  quantity  of  the  base  in  the  state  of 
carbonate  or  oxide  ;  the  soluble  alkalis  are  u.'ied 
in  solutions  of  4&**B6.  The  oil  should  be  present 
in  not  lees  amount  thui  5  parts  to  lo  parts  of 
acid.  Metallic  oxiilo.s  may  bo  replacid  by 
oleates,  stcaratcs,  palmitates,  &c.,  the  fatty  acids 
diaolving  in  the  castor  oil  after  reaction*  The 
salts  are  di«.^olvfd  out  \vith  volatile  solvents  to 
avoid  the  inconvenience  attending  their  reouvory 
from  aqueotts  eolution. 


Etui  i'^'^  OF  PicRir  AriD. 

Methyl  pkjrate  (',lf,(N0,)j0CH,  {trinitro- 
amsoh).  Yellow  monoclinic  tables,  m.p.  64* 
(Ibet  and  Mehrten  .  P.rr.  8.  J.552;  Frdl.  1879. 
514).  Obtained  by  nitrating  anisole.  Decom- 
posed by  8trong  potassium  hydroxide  giving 
picric  acid,  and  with  ammonia  giving  tri< 
nitranilino  (Salkowski,  Annalen,  1874,  174, 
259). 

«ll]rlpl8fatsC«U,(N0.},0aUj^  Lon8.almo6t 
oolourusa  needles,  m.p.  78*8^  (Stenhouee  and 

Miillert,  Annalen,  1867.  141.  80;  Willgerodt,  R  r. 
1879,  12.  1277).  Obtained  from  methyl  ether  on 
reorystallieing  from  ethyl  akwbol  (Boos,  Amer.  I 
Chem.  J.  2(1.  449). 

Phenyl  picrate  C,H,(^0,),OC|ii..  Needles, 
flkp.  ISS",  fnfvnd  from  pieiyl  <mIoride  and  i 


acid  C,H,(NO,),(NH,)OH.  Ob- 
tained byreduction  of  picric  acid  withnmmonium 
sulphide  or  other  mila  reacents.  l\vd  crystals, 
m.p.  169*  (Girard,  Annalco.  1853.  88.'  281  ; 
Pugh,  ibid.  1855.  96,  83  :  Sluikenberg  and 
!  Rudolf,  J.  pr.  Chom.  |.u.l48, 426).  Used  formerly 
j  as  a  brown  dye. 

wPurpurIc  acid   (picrocyaminic  add,  or 
j  grenai  bruwn  )  v.  i>o-FrKPCBlc  ACID. 
PICRIN  V.  Digitalis. 
PICROGLYCION  Dn.rAMARA. 
PICROPODOPHYLUC  ACID  and  PICRO- 
PODOPHYLLDI  v,  FodophifUmn  ruin,  art. 
Bxaivs. 

I      PlOtkOrm,  PICROTOXIDE  v.  Picbotoxik. 
PICROTOXIN.  A  poisonous  crystalline  oom* 
pound,  somewhat  allied  in  its  phyaiokigioal 
action  to  strychnine,  which  octurs  m  *  Oooontns 

'  Indicus,'  thr  -mall,  licrry-like  fnn't  of  Atiatnirla 
^paniruUila  ((  nlr  hpi  ^oke)  (Bentl.  a.  Trim.  14).  a 
climbing  s)irui>  <>t  ICastem  India  and  the  Malayan 
i8luiul>^.    Thi'  (lni<;does  not  find  much  favour  in 
West<Tn  metlicine,  but  is  employed  in  India. 
Here  it  is  better  known  for  its  power  of  stupe* 
I  lying  fish  and  causing  them  to  rise  to  the  surface 
'  of  the  water  m  a  stale  of  intoxication,  and  as  a 
reputed  adulterant  of  malt  liquors.    On  account 
of  its  poisonous  properties,  it  sometimes  becomes 
necessary  to  search  for  it  in  beer. 

The  small,  black,  ovoid  fruit  cun«i>ts  of  a 
rough,  ta.stele.s«  pericarp,  enclosing  a  reiaform 
seed,  which  has  an  oily  and  bitter  tasti*.  The 
pericarp  does  not  contain  picrotoxin.  but  Pflh.. 
tier  ana  Couerbe  i.solated  from  it  two  crystalline 
compounds :  menispermine,  a  ba.se,  which  melts 
at  120*  and  forma  a  crystalline  sulphate,  and 
paramenMpertninf,  a  neutral  constituent  which 
melts  at  250*,  together  with  a  bro\m  muss, 
hypopicrotoxic  acid,  which  softens  at  100* 
(Ann.  Chim.  Pb.v  s.  [ii.]  64, 196).  Half  the  weight 
of  th*>  seed  is  stearin.  The  picrotoxin  existn 
to  the  extent  uf  0-4  to  1-0  p.o.  It  was  discovered 
in  1812  by  Boullay  (J.  Fharm.  Chim.  [I]  4.  0). 
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nCROTOXIN. 


To  prepare  picrotoxin.  the  method  of  Barth 
(J.  nr.  ObMn,  0*i91. 105  ;  J.  1 863. 586 )  and  1  art  h 

and  KretRchy  (HcMMltBh.  1.  9R)  is  UMUdllv  fullo  v(  <l. 
The  seed  is  exhausted  with  boihng  aiculiol,  the 
solution  evaporated,  and  the  fatty  residue  ex- 
tracted with  water.  The  aqueoiu  solution  is  then 
treated  with  lead  acetate  and  filtered,  and  the 
liltrnt<-.  aft  IT  rcinoval  of  excess  of  lead  by  iii<  and 
of  sulphuretted  hydrogen,  is  conoeatrated,  when 
oryntab  of  impure  piorotoxfai  wiiaiate.  Thoe 
iiri-  purified  by  ^uoceHsive  orystanisations  from 
l»i-nz('iio  aiui  from  water.  Sometimes  the  seed 
is  extraote<l  with  light  petroleum  in  the  place  of 
alcohol  (Miirck.  Arch.  Pharm.  [iii.]  20,  269). 

Acct)rilitiL' to  Biirtli  and  KreLschy  (Sitz.  Ber. 
81,  7;  t  I  'i.  1243),  crude  picrotoxin  is  a 
mixture  of  three  oompoUDida — ^picrotoxin,  pioto< 
tin,  and  anamhtin — wliiolt  are  separated  by 
fractional  crystalli'^fition  from  water  and  from 
benzene.  This  is,  however,  disputed  by  Patemo 
and  Oglialoro-Todaro  (Oacs.  ehitn.  ital.  10, 36 ; 
11,  49;  Ber.  14,  5391.  who  recanl  the  compounds 
named  as  ilccompoHition  prodm  is  of  a  perfectly 
definite  picrotoxin.  Retaining  t  !i>  term  picrotoxin 
for  the  original  substance,  tlicsi-  (rJuMnists  pro- 
po.se  picmtoxinin  as  a  name  for  the  picrotoxin 
of  Barth  and  Kretschy.  The  decomposition  of 
picrotoxin  in  thus  explained :  (J«UMOja(picro- 
toxin)=C,  jH,,07  (piorotin  of  B.  and  X.,  pn*- 
vioinly  calle<l  hydrate  of  picrotoxidc  by  P.  and  O,  \ 
4-Oi|il|«0,(nicrotoxiuinof  P.  and  O.,  picrotoxin 
of  A.  and  K.).  The  oonoluiions  of  I^item^  and 
Oglialoro-Ti ro  m-  supported  by  the  inv<-.tit:a- 
tion.«  of  Schmidt  ami  Liiwenhardt  (Ber.  14,  817) 
and  Sohniidt(  Annalen,  222,313), whilst  Barth  and 
Kretschy  have  replied  maintainins  their  original 
view  (Monatsh.  6,  66).  Ifeyer  ana  Bruger  (Ber. 
3 1.2958) also  haveoometothe  conclusion  that  the 
picrotoxin  of  Patent  and  OgUalorO'Todaro  and 
of  Schmidt  is  not  a  definite  compound.  These 
investigators  find  that  the  rmrvstallised  commer- 
cial compound  is  merely  a  mixture  of  picrotox- 
inin  and  piorotin  in  definite,  but  not  molecular 
jirojxiftions,  namely  54-55  p.c.  of  picrotoxinin 
and  45-46  of  picrotin.  It  may  be  partially 
separated  hlto  the  two  constituents  by  boiling 
with  benzene  or  chloroform  or  by  treatment 
Mrith  barium  hydroxide  (r/.  Angelico,  0az7.  chim. 
ital.  30.  ii.  645],  or  with  bromine  water. 

Keory^tailisod  commercial  picaxitoxin,  the 
ftierotnein  of  Patemi  and  Oglialoro-Todaro  and 
of  Schmidt,  consi.sts  of  brilliant  rhombic  jjrisms, 
which  melt  at  1  f)n"»-  2(K)*'  (Sch.).  It  is  intensely 
bitter  and  ji  i  .nous.  It  is  very  soluble  in 
ho*:  water,  a'cohol.  or  ben7one,  and  sparingly 
so  in  ether  jr  chlonjform. 

By  the  addition  of  bromine  water  to  a  hot 
aqueous  solution  of  picrotoxin,  monobromo- 
picrotoxinin  separates,  and  on  evaporating  the 
filtrate,  picrotin  is  obti^ined,  and  can  t>c  puri- 
fied by  repeated  extraction  with  «mali  quan- 
tities of  hot  chloroform  and  reorystailiBation 
from  wat'T  (M.  and  B.).  Picrotin  C,5H,.0, 
forin»  small  felteil  needles  or  thick  rht»mbie 
prisma,  m.p.  24S°-250*,  which  are  reatlily  soluble 
in  absolute  alcohol  or  acetic  acid,  Imt  only  spur- 
inuly  in  ether,  chluroform  or  benzene.  It  reduces 
K'-lding'.s  soluli'in  and  ammonio  nitrate  of  silver. 
It  iMKs.K4vs.seri  a  bitter  taste,  but  is  not  poisonous. 
BemoylpicroHn  (',5H,^0,B«  forms  (vilonrless 

needles,  m.p.  230-  ;  a  'fihrnznr/f  ih  rir<ifii;  ,  Ml. p. 

247^-248^  is  obtained  by  the  action  of  benzoyl 


I  chloride  at  190°.    AceJylpicrotin  CuiipUjAc, 
I  m.p.  244^-245*,  is  probably  identical  with  the 
eoin[M)und  described  by  Paterni>  ami  Oglialoro- 
Tudaro  aa  diaeetylpicrotoxmiiu    When  warmed 
with  fuming  nitric  acid,  picrotin  yields  a  nitn» 
derivative  anhydronitropicrotin  CijHisOjNOj, 
m.p.  260**  (M.  and  B.).    On  oxidation,  two 
isomeric  acids  CjjH,^0.„  are  obtained  a-picrotinic 
I  acid,  m.p.  245",  and  fi-piavtinic  acid,  m.p.  254** ' 
(Angelico,  GazB.  chim.  itaL  39,i.  896  ;  40,  i.  391  ; 
41,  ii.  337  ;  Atti,  R.  Accad.  Lincei.  [v.l  lH.  1.  473). 
Phosphorus  pentachloride  acta  aa  a  dehydrating 
agent  on  picrotin  converting  it  into  anhydro- 
picrotin  <'t-H,gOg,  m.p.  317"  (decomp.),  which 
dillurs  from  picrotin  by  not  reducing  Fehling's 
solution  (Horrmann,   l^  t.    i'A.    1903).  Picro- 
toxinin   Ci.H,,Oc,U,0,   the   '  picrotoxin '  of 
Barth  and  Kretschy,  is  best  obtained  by  the 
reduction  of  bromopicrotoxinin  with  zinc  and 
acetic  acid.   Picrotoxinin  crystallises  in  rhombic 
taUes,  vliieh  become  anhydrous  at  100*  and 
melt  at  200°-201°.    It  is  bitter  and  exceedingly 
poisonou-s.    It  dissolves  readily  in  hot  watt  i , 
I  iMjnzene,  alcohol,  ether,  or  chloroform  ;  it  i.- 
[  also  soluble  in  alkalis,  but  is  not  repreoipitatcd 
on    the    addition    of    acid.s.    Sulphuric  acid 
develops  an  intense  orange-red  colouration,  and 
when  oydrogen  chloride  is  led  into  an  etheceal 
.solution  of  the  compound  p<^lyraertBation  ocenre 
and    jiirrotnrirfc,    in. p.    3U8°-310*',    is  formed. 
Bromopicrotoxin  CiiU^^BrO^  is   most  readily 
obtained  1^  adding  bromine  water  to  a  hot 
nearly   saturated   aqueous  solution   of  picro- 
toxinin until  the  sohitiuu  renuiins  jjermanently 
yellow.    It  separates  from  absolute  alcohol  in 
glistening  needles,  m.p.  259°-260°.   With  lx>nzoyl 
chloride  it  yields  a  crystalline  benzoyl  deriva- 
tive, which  melt«  at  237'-23S°  (Sch.).   On  reiluc 
I  tion  by  hydriodic  acid  and  phosphorus  both 
I  ]^erotin  and  ]rierotoxinin  vield  jnerotoxic  add 
CnH,,(),,  m.p.  i:U^,and  also  a /.v/one  Ci^HigOg 
(Angelico;  UjjUaloro-To<iaru  antl  Forte,  Gnzz. 
chim.ital.21,n.213).  Anamiriin  Ci  ,,11  nOnOCOurs 
'  in  small  prop<irtitin  in  the  seed,  ami  collects  in 
I  the  aqueous  mother  liquors  in  the  preparation 
of  picrotoxin.    It  is  diatingnished  by  its  sparing 
solubility  in  chloroform  and  benzene.   It  is  not 
bitter,  is  not  iK)i8onou8,  and  does  not  reduce 
Fehling's  solution  or  ammonio-nitrate  of  silver. 
When  heated,  it  chars  without  melting  at 
(Bartli  and  Kretschy). 
CoccnJin  ^i^tS^xo  is  another  constituent  ot 
the  seetl.  discovered  by  Lowenhardt  (Anualon, 
222,  353}.  and  occurs  only  in  small  propor- 
tions.    It  is  found  in  the  alcoholic  mother 
liquors  in  the  preparation  of  picrotoxin.  It 
crystallises  in  needles,  is  difficultly  soluble  in 
.  hot,  and  insoluble  in  cold,  water,  alcohol,  or 
'  ether,  and  does  not  give  the  colour  reactions  of 
picrotoxin. 

For  the  detection  of  picrotoxin  in  beer  the 
I  ehemiesl  reactions  axe  not  of  much  use.  Ex* 

tracts  are  prepared  which  are  tested  physio* 
loL'icallv  [cf.  Jjiinglev,  Amer.  J.  Sci.  [li.]  34,  109; 
Schmidt,  .1.  lsfi2.  029;  Kohler,  J.  1868,  796, 
S93  ;  lUas.  J.  1S72,  930  ;  Bepaire.  J.  1872,  946; 
Palm.  Zcit^ch.  anal.  Chem.  24.  550).        A.  S. 

I      PICROTOXININ  V.  Picrotoxin. 

'  PICRYL  BROWN,  A  oolonnng  matter  belong- 
ing to  the  class  of  yellow,  orange-yellow,  and 
brown  dyes  intr  nlnccd  by  Noltin'j:  and  v.  S  ili.s- 
Mayenfeid,  and  obtained  cither  by  sulphonating 
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oHro  deciTatiTea  ot  aeoondaiy  ami  tertiary  .  ideal  p'  ;meut  should  be  last  to  Ught,  unchanged 
aroniAtic  aininea,  or  by  tho  aotJon  «f  raen  I  by  exfOBiiTe  to  the  atmosidiere  and  moifitiire, 

"  (impounds  as  diiutmcliloiulK'nzfiK-,  triiiitro-  prcM»f  ,.;aiti.-t  1 1n-  action  of  acids  or  alkflIi^,  uiitl 
chlorobenzeue  (pioryi  chloride),  chlorotetrani-  utiaffi'et(.><l  by  sulphur  oompouuds,  such  as  sul- 
tronaphflialeiie, on  the  ralphonie  adds  of  I  {thurf'tted  hydrogen  or  carbon  disulphide.  Of 
arumatic  amines  (D.  R.  P.  22268  of  Aug.  31,  th.  l  irL^'  number  of  pigments  known,  com- 
lii82,  expirtxi  Jan.  1887  ;  W.  J.  Iss3,  545).  jmrativcly  few  fulfil  all  these  requirements. 
It  is  prepared  (1)  by  sulphooating  trinitrodi-  In  particillaT  eironinstancos,  et^pecial  qualitie^i 
phenylaniint'  (/•/.  Townshend,  Ber.  7,  1249)  become  necessary :  thxis,  for  decorative  and 
with  2 J  tiuies!  iti  weight  of  40  p.c.  anhydro-  fresco  work,  pigment*  must  be  fast  to  lime,  for 
valphuric  acid,  or  wit  h  5  times  its  weight  of  ceramii  u<r  tlu  \  must  lie  pmnf  against  lire,  and 
milpliiiric  add  of  Qd^B^.,  or  (2)  by  boUing  a  i  if  the  paintiugs  have  to  bo  lacquered,  they 
oonomtntod  aqveom  niatioii  of  3  parte  snl*  |  must  be  fast  to  vamisb. 

phaoilic  acid,  3  parts  picryl  chloride,  and  2J        By  some  authoritie  s,  tin  t<  rm  •  permaiu  iu  e ' 
pikfta  of  sodium  acetate.    Picryl  browa  ia  soluble  i  is  restricted  to  unaltcrabihty  of  hue,  and 
mtvatar,  and  in  an  add  balli  dyoa  aUk  and  wotA  'durability '  to  the  oonservative  etfcot  of  a' 
vdlow.  pigment   npon  the    surface   "Hii^h   it  rnvrrs. 

PIGMENTS  {L.  piytneiUuhi,  from  pinffcn).      :  Pigments  uiaUauged  by  admixtuic  witli  other 
Definition.     Insoluble    ot>l()uri'<l    iK)w<lers,   colours  are  said  to  possess  inertia.  Covering 
yii'ldiug  paints  when  admixed  with  suitable   power  and  body  are  not  convertihle  terms. 
me<Ua.    This  definition  excludes  dyes  or  stains.   Spreading  or  covering  power  applies  to  the 
u^iich  are  soluble  in  the  vehicles  used.  eapiiliility  of  i)cinu  (■xtt  ndt'd  '>r  .s))iead  over  a 

History,  The  use  of  pigmente  «an  be  traced  |  large  surface.  Body  refers  to  opacity, 
back  to  tmnote  antiquity,  ev«n  to  palaolithie  After  an  aooount  haa  been  given  of  tibe 
time».  Tliou'-anrls  .)f  years  beforf  the  (lirlstian  i  origin,  comjxwition,  and  salient  rlmracf eristics 
era,  the  ancient  Ki/yplians  excelled  in  pictorial  j  of  the  pigments  in  general  use,  tiie  subject  of 
art.  In  Aaayria.  in  Lydia,  from  the  eighth  stability  or  permanence  will  Iw  dealt  wth  more 
crntiirv  n.c.  and  by  the  lonians  and  Phocseans,  '  fully,  and  the  ctilours  will  }»•  divide<l  into  ^rfouiia, 
from  aliouL  llie  sixth  century  B.C.,  painting  was  according  to  the  degK'Cs  ot  skibility  cxliibitetf. 
dkiifttlly  practised  and  held  in  higli  esteem.  Origin,  cUtssification,  and  characUri9tic9» 
Cimon '  of  Cleonae,  his  sucoesaots  Polygnotus  The  majority  of  pi^mentSt  wheth»  artificially 
of  Thasos  (403  B.C.),  Apelfea  of  Colophon,  and  prepared,  or  obCamed  aunott  directly  from 
Zeuxi-  of  Hcraelea.  and  other  early  |iaiiitfr,^  natural  '^ourres,  .-uch  as  th'<  oehrt-s  and  otlier 
worked  chiefly  in  fresco  and  tempera,  Mith  a  j  coloure<l  eart  hs,  are  of  mineral  or  v^ctahle 
limited  range  of  pigmenta,  nearly  all  mineral  I  origin.  A  few,  suoh  as  sepia,  porree,  mummy 
Encaurtic  was  not  commonly  practised  until  (sometime^),  and  the  preparations  derived  from 
after  the  time  of  Alexander  the  Great.  The  ,  the  several  si>ecies  of  Coccus,  are  animal 
pwrnMita  were  mostly  the  Ofibree,  red  lead,  cin-  imvduels. 

naoar,  orpiraent,  chalk,  gypsum.  Upis  lazuli  (?),  [  The  nativ«;  earths  are  levigated,  dried,  sifted, 
indigo,  carbon,  an<l  certain  special  colours,  sucli  graded,  ground  and,  in  certain  cases,  calcined, 
as  '  Egyptian  iiliie  '  (a  copper  fritt  or  glass)  Most  artificially  prepared  pigments  are  manu- 
and  *Tynan  purple.*  fVom  the  aoooonta  given  <  factured  by  wet  precipitation  methods:  in- 
by  FUny  the  £laer  and  nieophraatns,  it  would  I  stances  are  chrome  yeUow,  Prussian  blue,  and 
appear  that  a  blue  j)ippared  from  lapis  lazuli  antimony  vermilion.  In  a  large  number  of 
was  not  known  in  classical  time."?.  li»d  lead,  or  ;  cases,  however,  dry  ])rocesses  and  various 
minrom.  was  used  for  the  coloure<l  statue  of  tem|ieraturea  are  requimi ;  e.7.  artificial  ultra- 
.Tiipitr  r.  «et  by  Kinir  Tarqiiinius  Prisciis  in  thi  marine,  vermilion,  and  i\  ory  iilaek.  Lakes  are 
Human  CapituJ.  'J  he  vegetable  eoloura  uiicKiktiy  made  by  precipitating  oruauii  uuluuiin^  luaiurs. 
used  have  probably  for  the  most  part  decayetl.  which  may  be  of  vegetable  or  animal  origin,  and 
leaving  no  traces;  but  a  pink  madder  lake  and  |  at  the  present  time  are  freq[uently  so-called  coal- 
a  yellow  lake  have  been  discovered  among  the  '  tar  coloum,  in  conjonction  with  alumina,  lime, 
pigments  of  the  ancient  Egyptians.  Until  iniite  ut;d  the  lik.  .  Sjx-cial  methods  are  cniployed  in 
recent  timea,  artists  prepeired  and  ground  .  the  manufacture  of  certain  pigments,  such  as 
tlieir  own  pigments ;  thn  work  is  now  almost  |  white  lead. 

invariably  done  by  the  colour  manufacturer.  1  The  cla*4sifu  at  inn  of  the  mine  ral  i>]i'i\\i  u{iif 
i'rojacrtic^s.  Pigments  must  be  durable;  adopted  in  this  iirticle,  strictly  toliows  the 
intfohible;  inert,  i.e.  unaffected  by  one  another :  on  I  inaiy  grouping  of  the  metal.^  pnsetit,  as 
in  general  indifferent  to  the  ni'dia ;  nf  good  they  are  se|>arate<i  in  nnulysis.  iSiiic  ioue  and 
body  and  covering  pt>wcr ;  easy  lo  manipulate  '  carltorui(  «'<ius  pigments  follow,  and  orirnnic 
with  vehicles  on  the  palette,  and  of  a  fine  shade  colouring  matters  are  de8Crili<<i  l  i  t.  When 
of  colour.  Certain  pigments,  when  usetl  in  oil  poH.9ibh'  the  colours  follow  in  the  order:  white, 
pAintfl.  possess  the  additional  projK-rty  of  yellow,  re«l,  green,  l)lu«-,  brown,  anrl  bliw  k. 
facilitaliriL'  thi  (!r\in;:  of  tbr  oil  with  which  Pigments  containing  mercury.  Three  nier- 
they  are  mixed  :  white  lead  is  a  conspicuous  ,  cury  pigments  oidy  will  be  included  in  the 
example.  The  characteristics  here  laid  down  are  |  following  summary. 

those  UHually  desired  :  but  there  are  exceptions  Wrmilioit.  riuimhur,  zlnvohfr.  mermric  snl- 

in  the  case  of  pigmunts  used  iu  art.  Tbiis  some  phide.  lIgS  ;  a  l*rilliant  *;olour.  usually  prepaied 
uf  the  colours  most  valued  by  artists  po-sess  I  fn»m  its  «'k'ments.  which  are  at  firs«t  caii.sed  by 
ConsHlernbh*  transporency  ;  in  water-colotn  u  orl-  ^ini|>Ie  attrititm  orol  b<  r  means,  te- (  Minlone  into 
the  conditions  of  arjing  are  alloiiethrr  ditTert  ni  a  bla«  k  ?n«s.<».  ealliil  '  e(  hiops.' ehi«  !!\  ;lIllorflbf>lls 
from  those  in  oil-painting.  iiK  r(  nry  sulphide,  together  wiih  free  ir. 
In  regard  to  durability  or  permanence,  an  i  i'he  molecular  change  into  the  scarlet  ^sulplude 
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is  effected  by  fiil'Iimation,  troatmc  t  w'th  lied  lead.  Orange  lead,  minium,  mertnige, 
alkalis,  alkaline  polT,bulphides,  or  the  li  k.  Paris  red,  PhjO,.  sometimes  Pb^O,,  a  fine 

Numeioaa  other  niethods  of  man  u'acture  {  orange-red  pigment,  which  very  quickly  dries 
have  been  stiggestcd  aud  pmotisecl.  Vermilion  in  oil  but  ia  discoloured  by  stilphun  ttrd 
possesses  great  opacity,  liut  dries  imperfectly  hydrogen,  and  is  incompatible  iu  iulmixtiire 
in  oil  and  is  liable  to  Keparatc  froiu  the  with  certain  sulphur-containing  pigments,  such 
vehicle  used.  It  is  permanent  in  oil,  durable  ,  as  lithopone  and  oadmitnn  vdJoir.  As  » 
in  tempera  and  fresoo,  but  changeable  in  water  I  priminff  eoat,  in  oonjiUMjtion  mth  white  lead 
colour  by  the  influence  of  the  solar  rays.  Sul-  |  for  onJinary  wurk.  it  is  cxin  nirly  useful, 
phuretted  hydrogen  docs  not  affect  it,  and  in  j  Orange  mtveral  is  a  khs  ik-nav  furm  of  rod  lead, 
oil  it  can  be  mixed  with  all  except  certain  copper  I  Sublimed  blue  lead  is  a  mixture  of  basic  sol- 
pigments.  As  it  is  a  %ol,itil«-  rnmponnd,  it  ifl  '  phale,  2PtiS0j-PI>0,  with  load  sulphide,  Fiilphife, 
ineligible  for  enamels  aiul  t<  lumn  ware.  oxide,  and  wii  boii.    It  is  used  to  a  consiUcruble 

Brilliant  scarlet.  Royal  scarlet.  Pure  scarlet,  extent  as  a  protective  pigment, 
mercuric  iodide,  Hglj :  extremely  brilliant  as  a  j  Pigments  oont&inlng  diver.  The  metal  in  a 
pigment  and  of  good  body,  but  fugitive  in  oil,  finely  divided  state  has  occa«ionaUy  found  em- 
useli  ;^s  in  wat-  r  colour,  inimiscibl<-  with  lu.itiy  jiloyiiii  iit  as  ,i  pii^nit  iit.  ami  the  use  of  the 
other  pigments,  and  too  costly  ior  practical .  chrumate,  Ag^OO^,  bos  been  proposed.  Coatli-> 
piir}>')-c8.  I  ness  and  extreme  sensiti-venees  to  sttlphurctted 

Mercufous  chromntf  Hg/VO,,  and  tnfrc\mc   hydmrrnn.  nre  siifficiont  deterrenta  to  a  common 
cAroma/c  HgCrO 4,  red,  liighly  alterable  products,   application  of  silver  ptgineat«. 
obtainetl  in  the  wet  way  by  double  decom^Msi-  ;      Pigmentt  containing  Copper.    Vatidyke  red, 
tion.   Nearly  valueless  as  pigmenta,  although  foe  conper  ferroeyanido,  CujFeC^^,  is  a  bn)\viiish- 
and  attractive  colours.  i  red  pigmeut,  occasionally  used  in  artusUu  immt- 

ngmentS  containing  lead.  Of  high  import-  ing,  but  it  is  untrustworthy  and  liable  to  darken, 
ance  among  the  lead  pigments  and,  indeed,  j  Vert  de  (iris,  Yerdirn'i''.  Vert  de  Mont* 
among  commercial  pigments  generally,  is  vkUe  peBier,  Ornuifmn,  hnnxe  t  iippcr  acetate,  varies 
hnil,  r  Alofl  also  Kr<  <<r  Krmniitz  white,  Berlin  in  hu'  iK  cdr' linu'  tn  the  I'ssieity  of  the 
while.  Silver  white,  Cermsa  alba.  L'iruge,  Blci-  ,  compound,  Grteu  verdigris,  of  the  brightest 
wetM.  JBfeme  ife  PkvA,  Shne  d^ar^ent,  and  Fhke  I  tint,  is  2Cu(C2H30i)2-CuO,eH,0  :  blue  verdigris 
wAiV*.  2PbC0j.Pb(0H)j.  Tlii^^  >a'.ic  carlwnate  is  ni(C,H  ,Oj, (',10.011^0  :  but  of  her  f.vic 
of  lead  in  one  of  the  most  rapidly  drying  pig-  aceUites  are  known  mul  ihe  commercial  pigment 
ments  commonly  used  in  oil ;  it  possesses  great  is  a  variable  mixture  of  several  of  thcMC  saltn. 
opacity  and  covt-ring  power,  and  is  facile  in  It  is  made  by  the  action  of  acetic  acid  ujK^n 
working.  Miseibh'  with  most  durable  coh)urs,  copper  in  the  presence  of  air  anil  moisture, 
it  promotes  the  drving  of  many  which  have  This  pigment  i-^  iim  U-,-«  m  water-colour  i^inting, 
alignt  siccative  qualities  of  their  own.  Un>  j  injured  by  sulphuretted  hydrogen,  carbon  di> 
fortunately,  white  lead  is  highly  poisonous,  its  *  oxide,  and  moisture,  immiscible  with  sidphide 
manufacture  in  attojule<l  with  risk  to  tlie  and  some  othrr  pigments,  and  is  a  powerful 
operatives,  it  is  readily  discoloured  by  sul-  poison.  In  oil  it  dries  well,  but  is  only  per* 
pnuretted  hydrogen,  and  used  with  oil  it  eniit^  maaent  if  '  lockKl  up  *  by  the  presence  of  a 
a  na!i=''*nu5!  odour.  Xiiin1>rrl(  ss  sub  1  itntr^  have  large  qiiantit  v  nf  a  rt  -iuous  varnish, 
been  proposed,  ol  which  perhaps  iithoponc.  zinc  Mtniiitain  grtm.  Green  verditer.  Malachite,, 
oxide,  and  *  non -poisonous  wliite  lead,'  art^  the  Mineral  green,  or  lirrggrfin,  the  natural  green 
best  known.  The  supersession  of  lead  products  hydroj^carlxuate  of  copper,  CuCOa-(Xi(OHa). 
by  zinc  white's  is  undoubtedly  exten<Hng  apace.  TTiis  is  the  mineral  malachite,  finely  ground,  and 
*  Non-jHjisonou/i  white  lead,^  or  jxil- ut  white  is  k;[(>\\ti  to  have  been  u^i  il  by  the  CiiaHO- 
kad,  and  '  gubiitned  white  lead '  are  composed  ^  Roman  artists.  M  an  oil-paint  it  is  moderately 
chiefly  of  lead  sulpliate,  with  small  proportions  durable,  but  it  is  liable  to  darken  and  assume  a 
of  lead  and  zinc  oxides.  The  la^t -naiiie*!  is  a  browni-jh  or  olive  finf.  niirl  f(»r  \rater-eolour  it 
ba«io  sulphate  with  some  zinc  oxide.  These  is  unsuitable.  It  will  blacken  if  mixed  with 
products  are  little  affected  by  sulphuretted  cadmium  yellow,  ultramariri' .  Sic,  and  ia 
n.vdrogen,  and  are  virtually  non-poisonous:  highly  sensitive  to  sulphurett-ed  hydrogen, 
but  the  covering  [Miwer  of  a  lead  auuihatc  pig-  Schteeinfurt  art  en,  Mitia  green,  Vcri  Paul 
ment  is  less  thiin  that  of  white  Icadr  «nd  the  Vfrnm^^c,  Vert  de  Paris,  Emerald  grrrn,  cuprio 
drying  quality  is  inferior.  <  aoeto-arsenito,  Cu(C,H  jOj)j3(CuA8,0.).  is  an 

Lead  oxycMorid^  PbClj.PbHjO...  wmetimes  exceedingly  fine  but  very  poifonous  colonr,  x**- 
called  Paltin  "I  kite  lead,  is  oeca.sion ally  ii  ed  pared  by  heating  together  ver<li;„'ri-.  w  itt  r.  aiMl 
a«  a  white  pigment, as  also  have  been  the noniml  arsouious  oxide,  the  precipitate  formed  being 
carbonate,  sulphite,  hydroxide,  and  other  salts  washed  and  dried.  Inadvisable  for  use  as  a 
of  h  ad.  .'Ml  are  less  satisfactory  than  the  basic  water-colour,  it  is  durable*  in  oils,  but  mu.st  not 
uarUmate.  '  be   mixed   with  sulphide   pigments,   such  a.«i 

jTuntSr**  ^ilUnv,  Cn«irl  t/'^lluir.  MonlptUicr  cadmium  yellow  and  ultramarine,  nor  exposed 
wettrwi;,  or  TVrorio  ?/t//o/r.  I'M 'in.TPIiO.  is  aiiotlier  to  sulphurettt-d  hydrogen,  which  quickly 
basic  lend  chloride,  now  superseded  l>y  chrome  darkens  it.  Kmerald  green  is  somewhat  de- 
y(  llow(<.  fieieiit  in   body  and  dries  slowly.    It  is  not 

i/dd^rtcof  and ^iMaiVe are,  respeotivelv, yellow  trustworthy  for  tempera  or  fresco  work, 
and  red  modifications  of  load  monoxide,  PliO.  SektcUri  grten,  a  basic  copper  arscnite, 
llii-  nion<Jxide  i-  now  N<ar<rly  used  fi-  a  varying  soniewhat  in  eoniposition,  is  a  pale 
pigment,  but  as  a  drier  is  of  consideralde  green  pigment  of  nii  extremely  poisonous 
importance.  Large  qunntitios  are  used  by  charaet<T,  and  is  now  seldom  used.  Sul- 
potters,  glassmakers,  and  rubber  manufacttuers.  phurettod  hydrogen  and  sulphide  pigmcnt«  are 
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even  moce  injttiioiui  to  it  Uiaa  to  Sohweininxt 

green. 

liruhswiek  green  was  formerly  basic  chloride 
of  copper,  CuCit'3<-!uO,4HtU,  iiuw  not  used  as  a 
pigment.  The  n»mo  is  now  h  pplied  to  a  mixtnra 
of  Pruiisian  blui-,  i  hmiiu.'  vlIIuw  mxl  bar\ tcs. 

Mountain  blue.  Blue  verdtter,  tiics^ylite, 
Azurite,  Blu€itA$$,  or  BerpUcnt,  the  natural  blue 
hydroxycarbonfite  of  copper,  2CuC0j'0u(0H);£. 
Both,  this  and  the  green  hydroxycarbuuutu 
(above  dcKcnlKdj  have  been  artificiaily  manu- 
taotoced,  but  not  with  oonspiouous  success. 


Bine  ▼erditer     not  permanent,  and  is  a  pis- 
t  little  used,  artificial  ultmmuiiie  and  oomut 
having  «apeneded  it. 


tiR-n 


Lime        and  Bremen  M«t  an  eMeutiallv 

c5op|Kr  Lylruxide,  Cu(<>Tfi_.  a.s.•^ociated  with 
calcium  sulphate  and  c(>p{Kr  carbonate  re- 
speetivdys  both  were  formerly  muoh  used  in 
flcconfivo  work.  Blue  hikes  from  coal-tar 
ti^c;«  atid  urtiticial  ultranuirme  have  virtually 
driven  these  pigments  off  the  market. 

Stannate*  phosphate,  borate,  silicate,  and 
other  raits  of  copper  have  been  Uied  as  pig- 
ni'         '  it  not  very  bucccs-full  . 

Pigments  eontatnlag  mUniunu  Cudmiutu 
ydhw^  pale  enimMMi,  crange  taiminm^  Orient 

yellow,  rn'^^nvf  yeUow,  aurora  ydloir,  ^  r  .  nn- 
cadmium  s*ulphide,  CdS.  The  caduiiuiu  jug- 
inents,  if  free  from  uncombined  sxilphur,  may 
safely  be  iiiixe<l  with  white  lead  in  oil;  and,  being 
themselves  uualiccted  hulphurelled  hy<lrogeu, 
they  hinder  the  darkening  of  flake  white  by 
that  gM.  Luchtt  air,  and  moistuve  have  little 
«liMt  upon  the  pan  oadmhiin  ooknus  when 
used  in  oil-painting,  but  the  paler  shades  an 
extxemoly  fugitive  in  wator-colour,  and  the 
proaenoe  of  nee  salphttr  is  veiy  detrimental 
since  it  enhances  the  tendency  to  fade. 
Cadmium  pigments  are  entirely  incunipatible 
with  the  coppi^r  gieena  and  blues,  and  exert  a 
darkening  action  upon  Naples  yellow,  chrome 
yellow,  Cassel  or  Turner's  yellow,  and  the  like. 

yetitral  orange^  PtnUy^a  neutral  orange,  is  a 
ntixtim  of  oadmium  sulphide  with  Venetian 
nd. 

Pigments  containing  bismuth.  Pearl  white, 
baiiio  bismuth  nitrate,  Bi(0H)tN09,  or 
(Bi(N0s)t-2BK0H),].  is  of  httle  value  as  a  p;ig- 
ment,  owing  to  it«  susceptibility  to  the  action 
of  sulphuretted  hydrogen,  which  darkens  it 
mon  rapidly  than,  tead-oompoonds.  Biamuth 
white  was  formerly  u.sed  as  a  face>powder  with 
somewhat  doubtful  a<l vantage. 

Another  bi>iiuith  salt,  (JBiOCl.Aq.,  or 
[2(Bia«-Bi,0,)UaOL  »  c«llc<l  pearl  white,  a 
name  whlon  nae  aliio  been  applied  to  indigo- 
tinted  flake  v.  h  rr' 

Pigments  containiug  atUimony.  Antimony 
ifljUta,  aatiJnonious  oxide.  Sl.,0,.  timls  employ- 
ment as  a  substitute  f<>r  tl  ik<-  whitr.  purticularly 
on  the  Continent.  lu  uiU,  c*|Jtt  liiUy,  this  pig- 
ment is  durable  and  trustworthy.  Another 
aatiowoy  white  is  powder  of  algaroth 
Sb40,-2SbCl,. 

Antimony  yellow,  true  Napha  yellow,  Jaune 
d' Antirnoint,  OiaUo  di  NaipUi,  ia  baaio  lead 
antimoniatc,  PbO.SbjO,,  and  is  now  uraaOy 
prcpan  d  I'"-'  hi-.r,  invr  li'^i  tlier  potAHsintii  anti- 
monyl  tartrate,  lead  mtrate  and  sodium  chloride. 
The  product  ia  oooled,  waahed,  and  ground. 
Numerous  other  ppneoaaoa  have  been  used. 
V.JL.  IV.— T, 


Naples  vellow  is  fast  to  light,  but  is  readily 
attacked  by  sulphurettcil  hydrogen,  oven  in 
oil-painting  ;  i.s  diheoloured  by  contact  \nth 
iron  and  is  inadmissible  in  oonjunotiou  with 
indigo  and  variotis  other  organic  pigments,  such 
as  the  yellow  lake.s  and  cochineal  products. 
Naples  yellow,  or  an  aiiied  antimonial  yellow, 
has  been  used  for  many  centuries  in  enamels  and 
f)otterv  ^\-are.  It  is  wisui table  for  water-colour 
paiiilmu.  Several  imitations  of  this  pigment 
are,  or  have  been,  in  the  markat :  <nio  is  a  mix- 
tun  of  cadmium  yellow  with  aino  white;  another 
was  a  variety  of  yellow  ochre  (Church). 

Antimony  vtrmilion,  antimonzrunober,  anti< 
monious  sul^ihido,  Sb^Sa,  ur  oxysuiph&de^ 
28b,S„Sb,0„  is  a  fine  red  pigment  of  ntis- 
factury  covering  power,  but  linuted  application 
owing  to  Its  sensitiveness  to  dilute  alkalis  and 
aoids.  The  methods  of  manufacttu-e  are  based 
upon  t!ic  mteractiim  of  the  alk/iline  or  alkaline 
eartiiy  thiosulphatesi  and  aulimoaioua  ckluride. 
An  orange -coloured  variety  of  this  pigment, 
antimony  orange,  is  made  by  using  sulphuntted 
h}'drogen  as  the  precipitant. 

Pigments  containing  arsenic.  Tho^e  in 
which  arsenio  is  associated  with  copper  have 
already  been  oonsidered.  Then  nmain  the 
arsenic  .-tdphidcs : — 

Kniy'a  yellow,  Moyul  ydlow,  arsenic  yellow, 
(utripigmentum,  orpimerU,  ai^cnic  trisulphide, 
As.JSj,  a  brilliant,  but  fugitive  and  extremely 
i>oiBonuUa  pigment,  immiscible  with  lead,  lucr- 
cury,  and  copper  compounds,  and  now  almost 
entirely  superseded  by  the  ohromiam  colours.  It 
is  preparecf  either  by  precipitation  or  sublimataon. 

Arsenic  red,  araruic  orange,  realgar,  arsenic 
distilphide^  Aa^m,  This  pigment,  prepared  by 
a  fusion  and  subumation>roethod,  is  abo  highfy 
poisonous  and  g' m  r;!!\  'in  uitable  for  artists'use. 

Pigments  containing  tin.  Tin  wluU^,  dUnnic 
hydroxide  or  orthostannic  acid,  Sn(OU)«,  is 
used  in  enamel-  and  glass-making,  but  scarcely 
at  all  for  ordinary  decorative  or  artistic  work. 
To  a  very  considerable  extent  it  ha.s  taken  tlio 
place  of  bismuth  suboitiate  and  ox^oaibonato 
as  a  lace-pigment. 

Mosaic  gold,  aurum  oiu^ivum  or  Tnosa^um, 
'  Bronze  pmodttt  staimic  sulphide,  SaSg,  a 
lustrous  yellow  scale-pnpantkm,  made  by 
healing  ft  mcr<  -irv  t  in  amalgam  to;^ether  witu 
iiulphur  and  amnionium  chloride  ;  or  a  mixture 
of  tin  monosulphide,  SnS,  with  merooiio  chl<  >rjdc 
is  heated.  Another  'bronze*  is  prepared  by 
fusing  together  stannic  oxide  and  sulphur.  A 
fused  mixture  of  tin  and  bi.smutli.  to  which 
mercury  is  added  bcion  the  liquid  has  cooled, 
yields  a  8ilyer>tinted  metallic  pigment. 

Other  comfKiunds  of  tin,  .'^udi  as  'tin  .salt  * 
(stannous  chloride,  SnCl.),  HUiutiic  oidonde, 
SnCl«,  '  pink  salt,'  .SnCl^'^NUiC  1,  aixl  sodium 
Htannatc,  Na,lStin^„;UI^{),  alt  imuLii  n()t  fiigments, 
are  largely  used  in  the  inauutactui-e  ul  the  lakts 
colours. 

Pigments  containing  gold.  The  use  of  hnely 
divided  metallic  gold,  whether  in  the  form  of 
leaf,  or  otherwise,  by  nu  iliajval  arti.st- .  immki-h 
scribes,  and  others,  in  piuturos  and  illuminated 
manosoripts,  also  in  the  colouring  of  crimson 
gla.H<,  i>  v.rll  knuwn. 

(Jtiasius'  purjiit,  gold  st annate, 
AuaSnO,-SnSnO«,4U,0  or  AU(,3SaOs, 
is  used  in  glass.w«n  and  ommio  art. 
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Pigments  containing  aluminium.  iin 
meUti,  tiiiely  i»uwden.Hi,  now  rccfivca  a  widt 
aDfilication  w  tlio  pigmentafy  eonntifcuent  of 
alttnunittm  pamt. 

Ktuilin,  China  clay,  tiydratcd  aluminium  sili- 
catc.  AI;03-25SiOj,2H20,  is  durable  and  practically 
unalterable  m  a  pigment.  In  oilii,  it  ia  some- 
what defioient  in  ooTci  ing  i>ow0r,  but  in  'water* 
c<d<air  and  tempera  painting  it  is  a  vfiy  licrvicc- 
able  white  pigment,  and  mav  fulfil  tlie  lunttion 
of  a  •  filler.'  ThaUt  a  *  Ghiiu  k  u  lute,'  f.n  u  ater- 
coloiir  paititing,  may  contain  3  jMirt.s  of  kaolin  to 
1  part  ui  zme  uxide.  The  procciw  ut  muuufacture 
cunHist.s  in  levigating  and  dr>'ing  the  natui-al 
olav,  tiie  main  impuzitieB  in  wnioji  are  flakes  of 
imdeoomposed  mioa  and  crystals  of  qnaita. 
Kaolin  is  much  used  in  the  manufacture  of 
paper,  and  it  Li  au  inexpensive  carrier  for  lake-  [ 
pigments. 

Alumina  AlgOj,3H,0,  though  not  nscfl  ns  a  ' 
}ji<.'ment  alone,  is  a  comjjoncnt  of  maiiy  iaikeij,  i 
and  occasionally  forms  part  of  various  oomjXHjite  I 
white  pigments,  suoh  as  satin  wliite,  l^nc  fixe,  \ 
and  the  like. 

Ultramarine,  BUu  d'Oulnuur,  itne  of  the 
most  permanent,  trust \Mirkhy,  and  beautiful 
of  pigments,  «as  form*  rl\  obtained  exohmvely 
from  the  rare  and  costly  iniiu  ral  hipi.'i  luzuU.  a 
variety  of  hauyne,  by  an  elalwrato  and  tedious 
dntriataon  metliod.  The  chief  oonstitucnus  of 
ultramarine  are  alumina,  soda,  silica,  and  kuI- 
phur.    The  formula  is  doubtful,  but  may  be 
Na4{NaS3Al)Al,(Si04),   (Broggcr    and  Back- 
strom).    In  1828,  Guimet  succee<lcd  in  manu- 
facturing artiticial  ultramarine,  a  pigment  little 
inferior  to  the  natural  protluci  ot  the  same 
composition,  equally  permanent  both  in  oil 
and  water-colour  painting,  and  moderate  in 
price.     Several   vari(fie>  of  artificial  ultra- 
marine are  made  :  suipkulii  ultramarine,  wlm  h 
possesses  a  pale  greonish-bluc  nhade  ;  soda 
ultrnraariue,  poor  in  silica,  the  purplish-blue 
product  most  in  use;   and  soda  ultra ujarine, 
rich  in  silica,  a  pigment  niostly  used  by  j>a]H-r- 
makers.   Litne  grten  or  i^eea  iwlraifianne  is  the 
first  stage  in  the  manufacture,  and  is  the  colour- 
ing ingredient  of  green   waff  r-paints.  By 
roasting  with  sulphur,  kt^h  ultramarine  is 
'  ooloiured,*  i.t,  it  is  caused  to  assume  the  axure 
tint.    Other  varir-tie«  of  ultraniarino  than  those 
meutiuucd  are  red,  violcL,  and  ytUoto  uUramarim. 
The  raw  materials  used  in  making  artificial 
ultramarine  are  kaolin,  silica,  soda,  carbon, 
Hulphur,  and  sodium  sulphate.    Mineral  grey 
and  ultramarine  ash  are  grey  and  bluish-grey 
residual  products  from  the  processes  of  treat- 
ment of  the  mineral  lapit  taztdi. 

VUramarint  t  inlrt  is  ulitaiiMMl  when  tin-  soda 
blue  in  heated  with  .'^al  anniioniae  iur  aiaiiy 
hours  at  a  temperature'  o  t  a  I  m  <  u  t  1 M".  Furt  her 
heating  with  steam  and  hytlroeldoric  acid  con- 
verts tlie  violet  i>i^nient  into  nil m marine  red. 

Pigments  containing  iron.  y>Uow  ochre, 
viincral  ytUow,  Hotuan  ochttf  OxJ'ord  ocitrt,  stone 
yelloir,  brofim  ochre,  golden  ochre,  Chinese  yettotc, 
&c.,  are  stlicimis  mid  aruillaet  ous  eanlis,  often 

containing  as  impuritius  lime,  barium,  and 
other  meUtllic  salts,  but  all  owing  their  yellow 
or  brown  colour  to  the  prfwiue  of  Iiydrattd 
ferric  oxide.  The«se  colours,  winch  are  pic  pared 
for  the  market  by  oarefid  sampling  snd  elutria- 
tion,  are  mined  in  many  parts  of  the  world,  are 


fxrcfdinsjly  lasting,  have  no  effect  ujwi  other 
pigiuciiu,  are  not  injured  by  light  or  by  impure 
utmospliere.'i,  and  they  can  be  used  with  any 
medium.  Ochn-s  vary  in  opacity,  as  they  vary  in 
com(K>sitioii  :  most  of  them  po«H>«sfair  covering 
power.  I'liinient^  of  this  class  were  used  In  iho 
ancient  E^ptians,  Assyrians,  Greeks,  aud 
Romans. 

JRaw  Sienna,  Terra  di  Sit mt,  Italian  earth,  is 
a  bruwuer-tinted,  luaugainitiiruus  yellow  oohre, 
occurring  in  Tuscany,  in  the  vicinity  of  Rome, 
Cypms,  and  elsewliere.  Some  American  pirnna*^ 
arc  of  very  serviceable  quality.  Raw  sieima  m 
fitted  for  oil,  w»ter<cok>ur,  tempena,  and  freaoo* 
painting. 

Bttftil  Sienna  is  a  pigment  of  an  orange- 
brown  tint,  }>ernianent  and  suitable  for  e\ery 
sort  ol  artistic  work.  It  is  made  by  cautiously 
oafeining  raw  sienna. 

Kid  (X-hrf,  Scarlet  cithrf,  Rid  chalk.  Ruddle, 
Bole,  sniapis.  Terra  roaa,  &c.,  arc  varieties  of 
the  native  anhydrous  ferric  oxide,  or  red 
hsematite,  Fe20,.  AH  are  durable  pigmenta 
and  good  driers. 

Indian  (or  Persia  u)  nd  is,  in  strictness,  a 
native  iwoduct  (also  hmuatite),  of  a  somewhat 
]>xirpliBh  shade,  imported  from  the  East.  But 
.some  so-ealled  Indian  rid  is  nianufartured  by 
calcining  ferrous  buiphatc  (copperas,  or  green 
vitriol),  FeSO^.THjO,  or  by  roasting  yellow 
ochre  for  aliout  12  hours. 

Liyhi  red,  Burnt  ochre,  Brun  rougt,  aXbO, 
calcined  j  ellow  ochre.   The  period  of  heating  is 
10  hours.   This  pigment  is  an  opaque,  ^er> 
manent,  and  innocuous  colour,  of  a  scarlet  tint, 
tempered  by  shades  of  lirown  and  grey. 

VemUan  redt  Ct^cothar,   Caput  mortuum 
vitrtoU,  Orocwt,  Bovffe.  Th»  natural  pigm^it 
known  as  \'enctian  red  is  n  vanVty  of  red 
ha;matito,  of  »  purer  red  than  either  light  red  or 
j  Indian  red,  but  the  artificial  pvodaote  are 
I  obtained  by  calcininp  copjX'ras,  or  the  ochres. 
I  Time,  in  the  case  ot  the  ochres,  about  8  hours  ; 
!  temiH'rature,  a  low  red  heat.    If  pure,  Venetian 
I  red  is  tminjurious  to  other  permanent  colours, 
I  but  soluble  salts,  especially  sulphates  and  traces 

of  acid,  iinisl  he  al)sent.    The  last-named  excrt 
a  detrimental  action  uix>n  organic  picinents, 
i  such  as  indigo;  upon  the  vemole  used;  and 
^ho  on  the  Burfaoe  coated,  if  this  chance  to  bo 

of  uiet«.l. 

Prussian  brown,  a  rarely  used  pigment  con- 
sisting  of  ferric  oxi<le  in  admixture  with  carbon 
and  made  by  carefully  calcining  Prussian  blue. 
It  is  TXTinanent  and  a  -ood  drier. 

Mart  ydioWt  Mar«  oratuic,  Mara  red.  Mar* 
brawn,  and  Mart  viaUt.  These  are  artificial 
ferruginous  pi^mi  ids,  jirejiare<I  liy  precipitating 
salts  of  iron,  with  or  without  the  addition  of 
alum,  by  milk  of  lime  or  an  alkaluie  hydroxide, 
dryintr,  and  i  .dc  inlnij  the  precipitates  at  various 
temjx>rature»,  according  to  the  colour  required. 
'J'he  Man  pigments  )>rest>iit  no  jmrticular  ad- 
vantages over  the  ordinary  iron  yellows  and 
reds,  and  they  may  bo  somewhat  injurious  to 
certain  of  the  mad*!'  r  pigments. 

Terre  v&rte,  Verona  green,  Veronese  earth. 
Often  earth,  ftc.,  are  pale,  liluish-green,  natural 
pigmeiitf,  I  Mii-i^-iiii;.'  essentially  of  an  alkaline 
and  magne-Hiaii  Icriuus  silicate ;  but  as  the 
localities  arc  numerous,  con.sidera  ble  variationa 
I  in  composition  are  observed.   Tern  verUt  is  one 
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of  the  most  inert  and  pcrnirtnent  pigmcnta  u.scd  Sidtrin  ydlow,  basic  fi  rrir  tlir<.m:ito, 
by  Artists^  but  it  is  deficient  iu  body  and  m-  l;vf(CTO^)^  u  a  samowhat  palu-hued  pruduct, 
tenuity  of  hue.  It  is  ftvailsble  for  painting  in  very  stable,  useful  in  stereoohromy  (wntcr-glass 
iAl,  \v  >trr  colour,  teiniK-ra  and  fro»c(i.  imiiitiivL).  nid  ofoccMnocialapplioation  in  wttter^ 

I'ni4Msian  Chinese  bluet  Antwerp  blue,    cuiour  wurk. 

Btfiin  U«e»  Paris  Mtte,  j*(rf«6le  blue,  Arouse  blue,  Voppir  ckronuitc  Cii(  rOf  is  a  retl  salt,  somc- 
Haxonblm,  &c.  This  pigment  occurss  in  several  what  dull  in  hue,  whic  h  fuis  tic^-n  pn'p>sed  and 
torms.  Commoiii^,  it  a  mixture  of  imtassium  actually  UiMH.!  a«  a  pignicul,  bu(  it  ih  tugitive 
ierric  ftrrocyanide,  KjFe^Cyu,  \vith  ferric  forro  and  of  little  ptactioal  value.  The  equally  un* 
c\-aDide,  FeTCVts  ;  but  the  most  permanent  serviceable  mercury  and  silver  chromates  have 
torm  m  ferric  ferrocyanide,  FcjCy,,.  Some  of  already  been  mentioned  (f.  aupra). 
the  varieties  nametl,  such  as  Antwerp  blue  and  Chrome  red,  Austrian  cinnalxir.  Orange 
Jj^ihs  blue,  contain  other  in^odieuts  and  ore  j  chrome,  Dtrby  red,  Chinese  reds  &c.,  im-^ic  lead 
inferior  to  the  true  Pinissian  blue,  Tvliioh  is  an  ehromate,  PMVO^.PbO  or  Pb,Cr04(0ll  i^,  is  an 
intfti-«-  (dlcfur  with  a  .slight  ^Tvciiish  shade,  is  uninL'i  -sciirli-l  pi^tiu  iit ,  nnnlc  l>v  hratmt;  norraal 
permanent,  miscible  ulth  other  pigments  and  lead  chromatc  with  a  dilute  solution  ot  sodium 
oiefal  bcFth  in  oils  and  wster-oolour.  It  is  not  i  or  potassium  hydroxide.  The  shade  obtained 
availablr  for  fr^^^^f•^-^vrlrk  or  enfimcl>.  Though  depentbi  ujioJi  the  extent  to  ^^hi^h  the  rcnction 
liable  to  fade  in  a  strong  light,  it  recovers  it*i  in-  '  proceeds.  Liki  ihi«  veliow  chrunieH,  the  chrome 
tensity  of  hue  when  kept  in  the  dark  for  a  while.  |  reds  are  incompatible  with  sulphide  pigments, 

P^ments  eontalniiig  ehromlum.  Chrome  such  as  eailmium  yellow  and  ultranianne,  and 
ytlhw,  normal  lead  ukrumate,  PbCr04,  is  a  salt  i  they  are  liable  to  tuni  green  m  the  presence  of 
of  a  full  yellow  hue,  prepared  by  a  simple  reducing  substances,  such  as  oxidisablc  organic 
(TO^ipitation  process.  Usoal^t  mixed  or  diluted  ,  pigments.  But,  unlike  the  yellows,  they  may 
chrume  yellows  arc  met  with  in  oommeroe,  lead  |  be  used  with  caution  in  tempera  work. 
Kulphat^.  barium  sulphate,  or  gyj>sum,  Ix'ing  Chrome  green,  Vtrl  de  chrome,  lni>:  rhrmni 
i«ociate<l  with  the  lead  ohtomate :  exampl^  i  grun.  Prepared  by  (a)  igniting  ammonium 
wePbCr04'PbjS04andPbGrO«*2Pb804.  Cologne  I  diduromate,  (6)  igniting  mereorous  dichromate, 
yHyr  eiirisists  tif  h-a<l  chromate  and  snlphntc,  (c)  heating  t%'ether  |«'>tassinm  chrnmnte  nnd 
sometimes  with  calciuin  sulphate.  i^aris  .sulphur,  (a)  the  ignition  ot  u  mixture  of  potas- 
feilMS  is  a  mixed  '  chrome  '  of  a  somewhat  I  slum  diohiomate»  ununonium  chloride,  and 
similar  tv-pe.  Other  procluct'^  nrr  jnimroae  sodium  carl)onatt>.  This  fine  pigment  is,  or 
chrome,  pale  chrome,  middle  chrovu  ,  uiul  rfc*^) ;  should  be,  cith«  r  approximately  pun  ,  anhydrous 
elrenw.  These  oolours  are  far  from  [>er-  ehiomium  sosi|uioxide,  0)0,,  or  (according 
manent,  being  sensitive  to  the  action  of  sul-  to  another  process  of  manufacture)  ciiromium 
phuretteil  hydrogen,  darkened  in  admixtun-  phosphate,  Crj(l'04)...  Some  products  are  a 
with  «ulphi«le  pigments,  and  liabk  to  change  in  ,  mixtun>  of  the  two  compounds.  The  oxide 
ths  presence  of  reducing  Bubatances.  For  i  pigments  are  of  liner  hue  tiian  the  phosphate 
vater-cokrars  and  distemper  (tempera)  painting,  >  ooTours.  Chrome  green  is  one  of  the  most 
the  yellow  chromes  are  (niito  iinsuitalile.  In  jMiiiiiunrit,  uenernlly  tni^twnrtliy,  and  widely 
'mU, theyare permissible,  wiihcertain  liuiitatiuns.   ajiphcabte  colour»  u^ed  by  artists. 

Zinc  dtrome^  Citron  tfeUow,  tine  chroinate.  Mixed  ehnme  gn  tim  ate  mixtuxes  of  chrome 
ZntVOj.  is  ,1  pale  yellow  pigment  of  fairly  good  yello  .x-,  linrium  sulphate  or  ay|>sum,  and  Prus- 
oyveniig  pavt-r.  less  used  alone  than  for  aujiocia-  siau  Ifhie.  These  are  gn«tly  inferior  t»»  true 
ting  with  Prussian  blue  in  the  pioduotion  of  i  ohroine  ^'n-en  and  are  unstable  in  the  presence 
rariou^  shades  of  mixed  greens.  The  com-  \  of  sulphur,  linie,  alkalis,  and  oxidisable  vege* 
jo^ition  of  this  pigment  is  sometimes  repre-    table  or  animal  pignjcnls. 

M-nted  by  the  formula  3(ZnCr04),KjjCr207.  Viridian,  Veridiuu,  Vividian,  (Juifjnct't' green, 
Zmc  chrome  is  not  afiected  by  sulphoretted  |  MUtkr*4  green,  Vtrl  nnrraude,  h\(trat<-d  chro- 
hydrogen,  and  is  miseiUe  willi  moeti  other  '  minm  sesquioxide,  (  r  n  |.2HgO,  is  prcjwired  by 
pigments  wiilinit  ileterioration.  Aeids.' alka-  calcinii;^'  a  niiMure  <it  ei  x-tallised  boric  acid 
lis,  and  organic  compounds  attack  it,  the  la«t-  ^  with  about  one  thini  itxS  weight  of  }K»!a^ium 
iisined  havinf  a  tendency  to  change  the  oolonr  '  diehromate,  treating  the  residue  with  hot 
hom  yrlli  u  to  j^reen.  uater,  washing,  \\i  r  _rindiiig,  and  drying.  One 

Ltmoyi  c/trome.  Lemon  yellow.  Baryta  yetlow,  of  the  most  \uiuAtjic  pi^meuta  used  in  art, 
Bariwm  ckrome,  permanent  yellow,  ydUm  '  viridian  is  universally  apphoabfe,  without  action 

marine,  SteinbiiUer  yellow,  and  Jaune  d'Outrrmt  r,  uptjn  other  pignietits,  and  absolutely  ]H'rnianent. 
are  names  given  to  l>arium  chromatc,  B<iC'r04,  |  Though  called,  in  France,  I'tr*  tmtrandr.  it  is, 
tllS  most  stable  of  the  chromium  jML  itients.  ,  of  course,  entirely  dislinei  from  the  fugitive  and 
Pfeparwl  by  the  double  decomposition  of  Ijarium  poisonous  emerald  green  already  described 
chloride  and  potassium  chromatc,  filtering,  among  the  copi)er  pigmentf. 
wTi^hing,  drying,  and  yrindiiiL,' ;  lemon  yellow  Pigment  containing  nickel.  Xii  hl  t/dlvw  is 
m  obismed  as  a  very  pale,  moderately  opaque,  a  permaueut  colour,  obtained  by  precipitating  a 
sad  serviceable  pigment,  which  can  be  used  with  solution  of  nickel  sulphat<>  with  sodium  phos- 
»>*fety  in  oils   and  fresco.    For   water-e. ,Ii xn-    oli  i;.  ,  washing,  di  ,  I  iLT-itiii2. 

psinttng  it  is  IcHS  suitable,  the  yellow  assummg        Pigments  containing  cobalt,   t  obalt  j/iUvu; 
s  greenish  hue  mder  unfavourable  conditions   Aureolin,  cobalto-potsmium  nitrite, 
of  exposure.    The   greatly   inferior   Htmntinn  K^l  ■u,(N< )  li  -.J-H  O, 

mllow,  Htronttum  cbromate,  SrCr()..  is  not  in-  ,        "     i   i.*.  .  . 

^,      V*i-A  ^  J  <     iL  11  or  sodium-potassiuin-eoltalt  n  trite, 

fiequentlv  substituted  for  baryta  yellow.         ,   *  u-  v      vwv     u  «i 

LiW  "cAroww?.  calcium  chromate,  CbCiO^,  is  '  K^Nat  u(.\Uj)4.U,U, 

a  similar  pigment  of  little  value  t  i*  »  bright  yellow,  durable  pigment,  which  is 
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without  action  upon  other  piijnifnt*!,  witli  the  ,  of  division,  «*aB  at  one  porioti  much  used  as  a 
uxception  of  tho  iaktai,  atid  is  uul}  wry  slowly  j  pigment.  Artiliciol  ultramarine  ha.n,  to  a  great 
fttt&cked  by  Hulphurotted  h3'drogon.  Auroolin  I  extent,  replaced  it.  Suialt  ia  dctieieiit  in 
ii  permanent  in  %v<itcr«colour.  as  well  aa  in  oUa.  ^  ohroniAtic  and  ooveriug  power,  hot  it  is  perfectly 
OobaU  pink,  maijm*ia<tibaU  pink,  is  prodnoed  I  durable  and  without  injnriona  effoot  upon  any 
when  a  thin  paste  of  tinely  dividt  ti  niacin  siuia    ullicr  pigmcntis 


oarbooate  together  with  an  aqueoua  ttoiutiou 
of  cobalt  nitfate  is  dried,  and  sttbeequently 

ignited  in  a  rnvrrod  vessel  at  a  high  tempf-rature. 
Strongly  ignited  eobaltoua  aracnat^j  and  phos- 
phate are  also  of  a  pink  or  fozglove-md  ookrar* 
inclining  to  violet.  These  pigments  are  nome- 
timcs  loiown  aa  '  cobait  red  '  or  '  cobalt  violti.' 

Rinmann's  grten,  Cobalt  green,  sometimes 
tetmed  stnc  irrssn*  cobalt  anoate,  CoOZnO, 
is  a  delicately  diaded  and  arUstioally  satis- 
factory  pi^'iiiont.  (if   yrc.it    jMrniaiunce,  and 


CcinUewn,  CertUatn  bluet  Catlinblau,  Bltu 
tihiUt  cobalt  stannate,  is  a  greenish  -  blue, 

l)ermauent,  aeini -opaque  colour,  made  by 
Igniting  stannic  oxidu,  previously  moistened 
witll  a  solatioii  of  cobaltons  nitrate.  It 

Eoseesses  the  advantage  of  appearing  lens  violet 
y  artificial  light  than  the  other  colwlt  blues. 
Cobalt  broten  results  when  cobaltous  sul- 
phate, ferrous  sulphate,  and  ammoniain  sul- 
phate, or  anunonia  ahum,  are  TOiy  strongly 
heatcd  together.    .Another  method  of  ni.uni- 


innocuous  to  other  colours.   The  best  product  j  faoture  is  to  mix  fcrrio  oxide  vtith  aluimniuiu 


is  obtained  by  drying  and  oaleining  zinc  oxide, 

previously  nuulo  into  n  paste  with  an  n(]urnu.-. 
solution  of  tolwilL  ailfiilt;,  feulphali;  or  chluiidt-. 
Another  cobalt  green  is  prepared  by  mixing 
zino  and  cobalt  solutions  with  sodium  phos- 
phate, and  igniting  the  washed  and  dried 
prt'cijiitatc.  TliL'  jjnxliirt  so  obtained  has  a 
bluer  tint  than  the  true  Eiumaun's  green. 

Twqwiti  grunt  ohrome-alumina  cobalt 
oxide,  is  a  bluish-green  jngment  ^no^^tly  used  in 
oeramit-  pamting,  but  occasionaliy  nLo  in  oils. 
It  is  made  by  heating  to  redness  aluminium  and 
chromium  hydrozidM  together  vith  oobaltous 
carbonate. 

Cobalt  blue,  ThCnard^s  blue,  Ltyden  blue, 
Kinfi'g  blutp  cobaU  uUnmarinet  Onhn's  idtrn- 


hydroxide  and  a  oobaltous  salt,  the  mixfcttie 

Plgmenb  coiUiiinint;  ninntianese.  Manganese 
green,  Ca«a<  I  ;/  i    i  ni  manganate,  is  made 

by  cautiouidj'  heating  a  mixture  of  manganese 
nitrate  or  oxide  with  barium  nitrate.  Or, 
manganese  dioxi'li-  ami  carbonate  may  be  licatci 
with  barium  peroxide.  Another  manganese 
green  (Bottger's)  is  made  as  foUows,  A  solu- 
tinii  of  maiiL'-inpFc  chloratr  i«  precipitated  hy 
barium  nitritte.  The  violet  compound  produced 
is  washed,  dried,  mixed  with  barimn  hydioxide 
and  carefully  heated.  A  green  mass  reaults, 
which  requires  u-ashing  with  water  and  further 
treatment. 

Manganese   biue.   A   mixture  of  kaolin, 
monM,  azure  Miie,  fto.  Several  methods  are  I  manganese  oxide  and  barium  nitrate,  or  of 

used  ill  llif  production  of  oobalt  blue.  The  silica.  nianL'aiii  ;.i  dxidt  hihI  bfii  iuni  nitrate . 
variety  ot  this  pigment  known  as  Wenser^  blue  '  ignited  at  a  red  heat,  ii<  at-ateii  to  yield  a  blue 
can  be  prepared  by  a<lding  ammonia  to  a  sohi-  pnxkict,  available  for  use  as  a  pigment.  Soda 
tion  of  cobalt  chluri"!*",  mixin.;  the  precipitated  ash,  silica,  ealeium  carhonntf .  and  manpatip??© 
and  washed  hydiuxidi;  with  aluuima,  drying,  oxide,  mixed  together  and  caiemeii,  yield  a 
and  igniting}  or  bv  moistening  recently  precipi-  i  similar  product. 

tated  aluminium  hydroxide  with  a  solution  of  |  Manganem  tdolet,  minaral  vioUt,  permanent 
cobalt  nitrate,  drying  the  mixture,  and  strongly  .  t?io'e<.  impure  manganese  meta phosphate,  is 
igniting  it.  Another  <olialt  hluf  is  iiia<ic  by  i  prej»ared  by  evaj)orHting  to  drpies.i  a  mixture 
mixing  freshly  precipit^ited  and  washed  cobalt  >  of  solutious  of  phosphoric  acid  and  manganous 
phosphate  with  newly  precipitated  and  washed  I  chloride,  fusing  the  residue,  boiling  wiui  am- 
aluiiiiniuin  hydroxiJc.  liir  mas^^  is  dried,  moniuin  carbonate  solution,  allowing  the  turbid 
ignited,  and  grouuil.  t'«»l*alt  arsenale  may  ,  liquid  to  stand,  filtering,  evaporating  the  lil 
be  substitute*!   for   tli<    jiho.iphate.    ALso  a 


tratc  to  dryness,  fusing  the  residue,  pulverising 
it  and  IxmIIi^-  with  water.  The  pigment 
weparates  a^  u  tiiic  violet  prtcipitate,  which 
must  be  collected  on  a  filter,  washed,  and  dried. 

JSaw  mnUter,  Turkey  umber,  Levant  umber. 
Terra  omfrm,  is  a  greenish-  to  yollo\nsh-bro\^Ti. 
silicioUB  and  forruginouij  earth,  containing  a 
considerable  proportion  of  one  or  other  of  the 
higher  osSdes  of  mangsnei^,  J^bi^O^  and  MhO|. 
!\!o--t   of  tlic   Inyt    -j,iriniri,>  arc  i.'f  ( 'j-pnotc 

  ^        origm,  i'Ul  many  couiituts  \  a  Id  ti  supply  of 

nients.  The  tint  »'f  the  blue  ih  slightly  greenish,  this  natural  pigment,  which 'merely  ha*  to  be 
and  in  artilicial  iiubt  a  shade  of  violet  is  per-  groimd,  levigated,  and  dried  at  ItK'".  Raw 
ceptible.  C'olnlt  blue  is  especially  valuable  in  umber  is  a  i)trinanent  and  justly- valued  pig. 
water-colour,  for  whu  h  it  is  somewhat  more  |  mmt.  It  has  no  injurious  effect  upon  oUier 
suitable  than  for  paiuluig  in  oils.  i  stable  colouring  matters. 

Leiteh*9  blue,  or  etfanine  blw,  is  a  *  mixed  *  I      .0«raf  vttUier,  Vdvei  brown,  Chutwut  brmtn, 

At-.,  rf  -lilt  frntri  the  ra  Iclnat  i<  .n  of  raw  umber; 


mixture  of  alum  and  cobalt  nitrate  solutions 
may  be  prttipiuiteil  by  sodium  carbonate,  the 
pteeipitate  being  washed,  dried,  and  ignited, 
as  usuaL  It  wiU  be  seen  that  oobalt  blue  may 
be  a  cobalt  aluminate  or  a  oompound  of  the 
pho.'^phatc  or  arsenate  of  cobalt  with  alumina. 

These  cobait  pigments  are  ]»ernianent, 
except  in  the  presence  of  ammonium  sulphide. 
They  an  availaMc  in  all  media,  including 
fresco,  and  arc  without  action  upon  other  pi 


jiignient,  coni|iost  d  <  I  i  ili;ilt  Mue  and  I'ju  — uin 
blue.  It  is  moderate  ly  durable,  but  pretents  no 
very  Btrikinfir  advantages.  As  Russian  blue  is 
a  constitu<-nt,  this  pigment  cannot  be  used  in 

frefttt)  work. 

tSnialt,  Saxon  blue,  c<d>alt-potnssiuni  f*ili<ate. 


they  are  equalJs  ix-rnianent,  and  can  be  used  in 
conjtinction  with  all  other  duimble  pigments. 
'J'he  eolour  of  burnt  uniher  is  warmer  aim  ziciMr 
than  that  of  the  raw  product. 

Cappaijh  brown,  mineral  br<n/'n,  evehromet  is 
is  a  deeply'  coloured  glass  which,  in  a  tine  state  i«  highly  manjpuiiferous  and  feiruginoiis  earth, 
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>t;* from  iho  Cappagh  niino,  near  Slribbe- 
reen,  Iroland.  W  heu  heat«d  to  100^  it  loiies 
water  And  AMmmes  a  fine  reddwh-brown  hue, 

like  th.it  <>{  f  iimt  sieiina.  Thin  pi^'mrnt  is 
"■uital/k;  fur  work  in  oilt*  or  wuter-colour,  and  iB 
pr  rmanent.  Before  grindijig  iu  oil,  it  should  be 
dhi-*i  Ht  a  tenij)CTatur('  not  ••xctHHling  80°. 

Caledonian  brown  posBCKsea  a  reddish  tint, 
»lttT4'<l  ufkon  igmtinii  almost  to  black.  Thia 
earth  ia  oompoeed  chiefly  oi  manganese  and  iron 
oxidea  and  hydroxides ;  it  is  a  luefnl  and 
}»»'rnianent  inlnnr.  ni  rkablc  with  all  iitidia, 
'Hie  origiu&l  t»u|>|>Leti  are  aaid  to  be  exhausted, 
and  *  mhstitute  is  sold  consisting  of  a  mixtore 
of  VainlN  ki  liKtun  atifl  hiimt  sienna  (Church). 

Mnvrjanrnr  black,  ALiUj,  is  the  native  man- 
ganeee  dioxide,  very  finely  grouml.  It  is 
eX|M>nHivc,  too  rapidly  flicc^tlTe,  and  without 
com penm ting  a<lvant«ge(*. 

P^MBts  MDtabiing  zinc.  Zinc  whiu,  Chi- 
ne*e,  vhite,  snow  wkilf  ,  flowers  of  zine,  Blanc  dc 
zinc.  Zinhoiiss,  zinc  oxide,  ZnO.  Tliin  bril- 
liantly wliiti-  jiigmcnt  (flometimea  bIho  called 
*  permanent  white  *)  is  non-ixjisonous,  jkt- 
manent,  innoouoits  to  other  pigment.*,  and 
Available  for  water-colour,  t^'iKiK  ra,  trf  s<  ",  ami 
oils.  In  the  lant-namcd,  howev<>r,  it  rlries  Ioh 
lAtisfaetority  than  flake  white,  and  with  the 
lapse  of  time  exhibits  defirirnt  npneity.  F<ir 
i»rtiM«'  work  in  water-< "luiirs,  it  eaaiiot  be 
exioelIe<i.  aii'l  \%n  use  among  patnterfl  generally, 
in  enamels,  mixed  paints,  dipping  paints,  com- 
hination  white  leacls,  anci  as  a  carrier  for  lake 
pigmentii.  is  rapidly  extending.  It  is  a  mistake 
to  oonnder  that  zinc  white  is  wanting  in 
covering  or  spreading  poww.  In  thhi  respect, 
it  '-ui  Ii'iM  its  nwTi  \<  vy  wtW  )n_'niii-^t  wliite 
lead,  than  which,  however,  it  ^x^HKesses  some- 
what leas  hody. 

Zinc,  cnrhomiU,  ZnCO,,  has  Ijeen  ii-<  <l  ft^  ;» 
pigment,  but  with  little  succeius :  it  itt  uifehur 
in  opacity  and  tint  to  zino  white. 

zinc  sulphide,  ZnS,  is  somewhat  rarely  used 
aUme  as  a  pigment,  l>ecauw,  though  possosse*!  of 
OOOiiderable  Ixxly,  it  usually  fails  with  regard 
to  parity  of  tint.  Mtmover,  as  an  artists' 
colour  it  is  inadmissible,  from  its  tendency  to 
injure  certain  other  pigments.  As«»h  i.it'  <!  with 
barytee,  xino  oxide,  magnesia,  or  the  like, 
zmo  sulphide  enters  mto  the  ooraposition  of 
numen>ns-  wl  ifi-  |>i„'iii(  iits  now  u|»on  the  rnirkft. 
•uch  as  Orr'o  wiiite  or  litho])one,  (inttithV 
white,  Ac. 

Zinc-Uad  vhiie  is  an  Itifiinfifc  mixture  of 
approximately  50  p.c.  of  ziuc  uXiil<j  uith  50  p.«'. 
of  lend  nulphate.  The  process  of  manufacture 
in  similar  to  that  of  Hublimed  white  lend. 
The  e<jIour  resembles  that  of  corroded  white 
lead,  end  eannot  be  dcKcriljed  as  a  pure  white. 
This  pigment  is  largely  used  in  house  paints 
and  for  the  dipping  paints  in  which  agiioiutnral 
imjilementH  and  th<  iik<  iur  painted  by  im- 
merrion  and  !»ubi<equent  drauiing. 

lAthfrphfm^,  lithopone,  tinc-baryta  while. 
povoJith.  nrifJ<lfi''A  jrln't'.  Orr^A  iphite,  Charlto/i 
whtU,  "If  nv  ,LhiU ,  itaitid  Zinc  while.  Tlien^  and 
othflr  ii:ini<  s  have  been  applied  to  a  numlKT  of 
j»<iff<nted  pigments,  the  basis  of  which  is  zinc 
yiilphiile.  Associated  with  the  7.inr  eotniKHJiid 
in  ino*<t  eaucH  is  barium  "sulphate.  Lithopoiie 
(the  German  nasue,  which  is  now  generally  used) 
rontams  from  15  to  90  pbC  of  stne  milphidf.', 


I  ncconling  to  the  quality  of  the  piL'inent  :  the 
best  contains  30  p.o.   l^rom  7  to  10  p.c.  uf  zinc 
I  oxide  may  be  present,  and  the  rest  is  harimn 
'  sulphate.    The  parent  of  this  rlaes  of  pit^'ini  nt'-- 
would  seem  to  have  been  Orr's  uhit«'  i  iiaiiu  l 
I  (1874).   These  ptoduets  are  of  good  body,  con- 
I  sidcrablc  covenng  power,  and  undeniable  efli- 
'  ciency  as  substitutes  for  white  leatl,  with  which 
I  they  compete  in  purity  of  tint.    The  litho pones 
are  unafiectod  by  atmospheres  which  darken 
lead  paint,  but  they  cannot  l»e  mixed  with  lead 
or   copper   pignxnls.    Thcv   nro  everywhere 
extensively  U8<m1  iu  the  oii-cloth  industry. 
I      (J^'ne  cArtoMM  and  sine  grrr^ea  have  been  dealt 
with  under  Ohromitun  and  Cobalt  pijnunU 
respectively.) 

1^116  ffrty  is  a  name  a]9plied  to  sine  dust 
(true  zinc  grey),  and  to  various  mixed  pigr>f»  !if •< 
I  consisting  of  /.inc  oxide  mingled  with  mineral 
;  black,  lamp  black,  or  the  like. 

Pigments  containing  barium.  Permanent 
white,  constant  while,  barylcs  white,  enamel  white, 
barium  sulphate,  BatSO,,  occurs  in  nature  as  the 
mineral  barvtes,  the  purer  grades  of  which  are 
putverised,  levigated,  dried,  and  ground  for  the 
colourman's  Use.  The  variety  of  this  pigment, 
known  aa  Blanc  flxe,  precipitated  baryttSt  or 
artifieittl  hofvUt^  is  ma<le  nrtificially  by  pfveipi- 
tating  a  sohition  of  harinm  chlnridr,  or  some 
(»ther  soluble  halt  oi  barium,  with  sulphuric 
acid  or  a  8c>lubl<-  sulphate.  The  artificial  pro- 
duct \9  somewhat  purer  than  the  natural  pi^- 
uiLUt,  and  possesses  greater  opacity,  but  it  is 
wanting  in  covering  power,  and  thouph  emploj-ed 
in  water-colour  painting*  under  the  name  of 
permanent  white,  it  cannot  be  recommended  as 
an  oil  colour.  It  is,  howevi  r,  nne  of  the  most 
absolutely  permanent  and  inert  pigments 
known.  Baiytes  has  been  laigely  used  aa  .a 
'  nilrr '  or  'extender,*  for  white  lead  and  other 
pigment*'. 

HmHburg  white,  [hitch  whiie,  and  Venice 
white  are  uuxtufes  of  baiytca  white  and  lead 

white. 

Witherite.  hanuut  riirl',,vat- .  iiaCO,,  has  very 
occasionally  foun(i  its  way  into  the  market  as  a 
white  pignunt,  but  it  mainly  serves  as  the 
source  from  which  liarium  chloride  and  othcir 
soluble  barium  salt«  are  prepared. 

(Liihopont  has  been  described  under  £mc 
pigtm  nis,  and  Baryta  f^Uaw  under  Chnmivm 
pigmeni4.\ 

PtgnMBt  eoBtalnliig  strontium.  SironHan 

whiti,  strfmtium  suli>lmte.  SrSO«.  has  a  very 
limitc<l  us»-  as  a  white  pigment.  Its  preparatif»n 
from  the  niinenil.  OClCHtine  or  celcstite,  is 
Hiiii;i  ir  to  that  of  permaiunt  white  frf>ni  bnrvtes. 
It  ih,  jH-rhnps,  su|KTi()r  to  barvtes  as  a  pigment, 
but  is  too  cosflv  for  (.'incral  use.  (VoT  HrW* 
tium  iffUow  V.  chrutniiim  pigments.) 

Pigments  containing  calehun.  Oypsum,  Terra 
(ilhn,  satin  nhite.  miotrnl  nhitc,  rnlrium  ful/  hale, 
(JjiSO^.L'H^O,  is  obtained  from  the  cru<le  mineral 
by  crushing,  levigation,  and  drying.  It  Is  a 
jxTtnannit  and  iHiful  i>i;rmi'rit,  iniKKUous  to 
other  c<jlours  and  |>oss«  >i-<  <l  of  L;rt  ut<  r  Lsxiy 
than  iMirvtt-'.  Paper  stmncrs  and  Ti^fter- 
in:<k<  1-^  n-f  il  in  larL'<'  i|uaiit  ii «' v.  Th'  ]"  tin nt 
kninvn  a.;  >ntni  wliilf  UHiialiy  <(Hi^j-i  •!  a 
iiiixtup-  (if  ('(li'  lum  '-uljilialc  and  alum  njum 
hydmxide,  A1,U,.3U  x<  >.  It  i^usscxs*-*  more  body 
and  covering  i>ower  than  i^ypsum  alone. 
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PIGMENTS. 


Whiif  ninp,  whiting,   EngUtk  whiU-,  Paris . 
uiAtfe,  Spanish  white,  chalk,  timrftfe  dvui,  OHden*  I 
white,  Kreidc.  Crnir.  calciuni  cnrVmnnte,  CaCOj. 
This  pigment  ia  usod  as  a  '  tiiier  '  or  '  aset^taiit ' 
in  mixra  faints,  Imt  chiefly  for  whitemnhing  and 
i'l  fli-  •fiii]>rr  wnrk,  as  n  paint iiisr-CTnTmd  :   i(  is 
IK-rnuuH  iit  and  can  be  niixtd         ull  pi^iuents, 
excepting  vegetable  colours,   IVnssian    blue,  j 
emoald  gtetm,  ohiome  yellow,  and  the  like,  j 
whieh  are  likely  to  be  affected  adTersoly  by 
alkalis.   Tn  oil,  urtiitcoing  it  QttBervjceable  anil 
a  bad  drier.  , 

PlgiiiintoMDtaliiingmasiiwIain.  Moffnesivm  \ 

carbonate,  MgCOj.  prt  )'art  d  from  the  niinrral 
magnesite  by  crushing  and  ievigation,  has  stonae-  ■ 
timoH  l)een  used  as  a  pigment.    It  is  permanent  ( 
and  available  for  admixture  with  other  pig- 
mcnt«.  i  xcepting  such  as  are  injured  by  alkalis. 

Pigments  containing  silicon.  Pure  i^ilica, 
8tOs,  ground  to  an  impalpable  pou-der,  is  useful 
for  aMlTDiztttre  with  all  pigments,  excepting  the 
Hilicious  oclircs,  its  ]iriiKi))al  fiiin  tion  bfiiij.'  tliat 
of  a  reinforcing  or  tilling  agent.  Though  inert  j 
and  pre-eminently  atable,  it  is  too  ttansftarent 
fur  ciiiiilnyment  as  a  pigment  Tilr.nc.  Thr  main 
ttiivantagcs  of  silica  are  its  'tooth,'  and  its  j 
abaolnte  permanencv.   SteaHfe,  SoapaUmet 

3-NrK0.4Si0..njO 

i»  used  to  im{>art  a  glaze  to  some  special  jpaints. 
(Vorkaolin,  v.Pigmtntteonlitiniiiffalitmtnium.} 
Pigments  containing,  or  consisting  chiefly  of, 

carbon.    Soot  black.  tTgetahle  hUu  k,  lamjtfjluck. 
Atnokc  black,  candle  Hack,  flame  black,  gaA  black, 
carbon  black.    These  wiclely  used  pignient^s  are  j 
soots,   obtained    by  the   incomplete   combus-  I 
tioii  (if  mitural  oil'^.  Lrrrasea,  and  fat -oils,  n'sins.  ; 
t&rrj  matters,  and  natural  gas.   Carbon  or  gaa  i 
black  is  nostly  produced  in  the  oombniition  of  i 
the  last-named.    Acetylene  black  is  an  (  s[m  .  ifil 
variety  of  gas  black,  obtaitie^l   by  ex})loding  , 
together  in  a  cylinder  acetyl'  iH'  gas  and  a 
limited   supply  of  o^rvgen.    Flame   black  is 
derived  from  tar.  naph(halene.  pitch.  &c.  :  true 
lampblack  is  mainly  from  liquid  raw  materials. 
Theee  pigments  are  nearly  pure  carbon,  ]x>rfectly 
inert,  entirely  permanent,  and  iminjurious  to 
(ill  i>fln  r  (  iilouriiig  matters,  with  the  exception 
of  a  fcM  unstable  organic  compounds,  liable  to  i 
be  deeolourieed  by  carbon.   A  very  fine*  pare  | 
lampMac  k  is  the  pigmeataiy  baais  m  Cbineee  or 
TiidiHii  ink. 

Animal  black,  bone  Hack  {  insrhxmrz).  ivory 
black.  VnriA  black,  sugar  hotwe  black.  The  first 
is  ohtainefl  as  the  carbonaceous  rtsidnxiin  of  the 
<lestruetive  distillation  of  miscellaneous  animal 
oilal,  the  second  in  a  like  manner  from  bonce, 
and  the  third  is  or  shonid  be  prodnoed  simitarly 
from  wn-ic  ivory.  Tmitv  Mark-  )iartirnlarly 
when  tlie  lime  salts  have  Itecn  removed  by  diges- 
tion in  hydrochloric  acid — in  the  roost  intense  I 
of  the  blaek  picment*.  :  it  is  stat<-d  (Toch)  that 
lampblack  will  make  a  light  mark  on  ivory 
black.  The  animal  blades  exert  considerable 
dcoolonrising  powr  when  a*»sociated  in  an  i 
aqneons mefiium  with  orpanie  enlouring  mattei-s  •  ' 
hence  (hey  are  mon'  advisedly  used  in  oils  than 
for  wat«;r-rol()ur  ])ainting.  >iutably  hygro- 
soopie.  mjeli  piLonents  should  lie  dri'e»l  liefore 
iK'iiii;  "jroiiiid  in  nil.  Simij)  bbick  is  a  form  «if 
ivory  black  moulded  into  paslilles  with  n  little 
gunt-wmter. 

Ckanoal  blacky   Frank/oH  black,   Oerman  i 


blackt  drojhblackt  bive-blaek,  vinC'black,  and  the 
like,  may  shortly  be  described  as  charcoak. 

Tin  y  are  made  liy  calcining  in  closed  vessels 
material«  of  the  most  diverse  descriptions,  and, 
as  may  Iw  expected,  varj'  greatly  in  value, 
(jiialify.  aiifl  cost.  The  finest  bluish-black  and 
velvety  productH  are  obtained  from  vine  an<l 
beech  twigs,  fruit  stones,  coco-nut  shell,  grape 
husks,  ana  dried  wine-lees.  Inferior  charcoal 
blacks  result  from  the  charring  of  very  many 
non-resinoiis,  soft  woods.  Jk!ss,  \vilk)w,  and 
maple  woods,  also  paper  mills'  refuse,  are 
among  the  materials  employed.  Drop'Uadc  is 
so  nnined  l)eeausc  it  is  s<  nt  into  the  market  in 
the  form  of  pear-shaned  drope,  into  which  it 
has  beat  motuded  witli  the  aid  of  a  little  gfhte* 
water. 

Mtnerul  hlack.  $late  black,  oil  black  or  bktck 
chalk,  is  a  brow-nish-Uack  to  bfaie-lilack,  highly 
carbonaceous  shale,  oocurrmg  la  Bavaria,  Spain, 
Italy  and  elsewhere,  suitaue  for  pigmental 
use,  after  ini.shiiicr  and  Ievigation  or  Avet- 
grinding.  Coal  blacks  are  somewhat  similar. 
In  common  with  other  oarlson-pigments,  mineral 
black  dries  slowly,  \mi  is  po8sc.«se<l  of  ereat  jmt- 
manency.  The  more  intense  blacks,  of  artiticial 
origin,  are  EU|>cr<ieding  the  difliennt  TariotieB  of 
sli.ile-  aTid  ronl-lilaeks. 

(,'r'ij'hilr,  plumbago,  or  bhck  k'(td  is  ;i  dark 
L'rey  to  black- pigment,  of  absolute  pennanence. 
available  for  use  with  all  media,  and  miscible 
with  other  pigments.  Nearly  pure  carbon,  and 
i  xtraofdiiiarily  inert,  it  is  a  valuable  in^'redient 
of  paints  used  as  protective  coatings  for  metals. 
This  applicalaon  of  )dumbago  is  exemplified  in 
the  familiar  .stove  jx>lislirs.  With  •white  pig- 
ments, grajihite  supjilie.-*  tho  artist  with  neutral 
greys.  Its  use  in  the  manufacture  of  drairing  . 
pi'ucils  need  merely  he  mentioned  here. 

Pnissiate  black  is  the  washed  and  tlricd 
carbonaceous  residue,  obtained  as  a  bye-product 
in  the  manuiaotiue  of  potaasinm  fenocj'anide. 

PruMian  Mnei  resutts  from  the  calcination 
of  Prussian  Mne,  is  a  mixture  of  carbon  and 
oxide  of  iron,  possesses  a  bro\iiush  shade  and 
present.^  no  particular  advantages  as  a  pigment. 

Bisire.  is  a  brownish-black,  bituminous  soot, 
obtained  chiefly  fn>m  the  smoke  of  beechwood. 
It  is  puriBed  for  use  by  digestion  and  repeated 
washing  with  boiling  •water,  Ievigation,  and 
irrinding  Mith  gum-water  or  glycerol,  or  both. 
Ristre,  which  is  not  used  in  ofls,  is  somewhat 
fugitive. 

^me  hrown  is  prepared  by  oalcinhig  bomes 
unt  ;i  t hey  aro of  ft  bro'wnish  o(doiir,and grinding 

tho  product. 

Vandyke  brown,  as  generally  met  with  in  tibia 
country,  is  a  hichly  bituminniis,  fernicinnus 
earth.  Though  ot  a  Hue,  rich  hue,  this  varietv 
of  Vandyke  brown  is  decidedly  fugitive^  fii^isoi- 
ally  in  urater-colour.  Two  other,  more  per* 
manent.  but  far  less  richly-tintecl  j)igments.  sold 
under  the  same  name,  consist  of  a  brown  \  ar)(  ty 
of  caput  mortuum,  and  a  calcined  ferruginous 
ochre,  res  jxet  i  rely.  Imitation  Vandyke  Mowiia 
are  made,  t mm -i -tine  of  ochie»  coloothar,  and. 

lampblack,  m  admixture. 

Cii^srl  brotm.  Pnheti."'  hroini.  Colof/ne  cnrtk^ 
CnUi  h  ,  ■iifJ(.  ■  fill  hrnirii.  and  the  like  are.  for  the 
most  pan.  varieties  of  bnnni  eoul  <tr  lignite. 
Some  are  ochreoiH  in  eharaeter  and  approximate 
in  composition  to  the  umbers.   These  pigments 
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arc  subject  to  such  variability  of  composition, 
(hat  they  cannot  safely  be  tru8te<l  for  artistic 
|Nirpo8e8. 

Agphaltumr  bUumeM,  minerul  pUch,  mummy. 
The  use  of  asphalt  or  nstive  fafitamen,  m  a  pig- 
ment, hail  II  .  irtually  abandoned  by  arti^^s, 
but  luge  quantities  irojn  Trinidad  and  ebe- 
wheie  aie  oonmmed  in  the  manufaoture  of 
varnishes,  stith  as  Brun8\\ick  black,  carriage 
vanish,  and  black  japan.  Extreme  brittlcncss 
in  a  disadvantageous  feature  of  asphalt  coatings. 
Much  of  till-  a.-phalt  used  in  vamish-maldng  is 
tin  imiUilivu  i)rt>iluct,  derived  from  coal-tar. 
The  use  of  native  bitumen  by  thi-  ancient 
Egyptians,  for  embalming  the  dead,  led  to  the 
Appuoation,  in  aftcr-oentoriea,  of  the  exbmned 
remains,  ground  to  du.st  (bitumen,  bones  and 
all),  as  aa  artiata'  pigment,  under  the  name  of 
This  oolour.  in  an  oil  vehicle,  is  more 
permanent  than  asjihaltum. 

Other  pigments  of  organic  origin.  Indian 
ydloic.  Purree,  Piuri,  Pwvea  Arabiea,  is  com- 
poic<  <1  mainly  of  the  impwe,  basic  magneeium 
!<alt  of  cuxanthic  acid 

(ohc,h,<:;;j2j>c,iij  o  cH(OH)[CHOir^-oooH,aH,o). 

The  oomponnd  ia  Mg-Ci,Hi,On.SH,0,  and  is 

fxcrt  (<  d  in  iht-  uriiu'  of  cows  fed  upon  the  leaves 
of  the  mari^'o  tree.  Mmujijt  m  indica  (Linn).  Tliis 
pigment  is  exclusively  roa<le  by  natives  of  India 
at  Monghyr,  Bengal.  The  urine  is  evanorated, 
the  yellow  residue  drie<l,  collected  on  calico  and 
rolled  into  balls,  which  are  sold  in  the  native 
basaara.  Indiaa  yellow  i»  modecately  per- 
naoent  m  oib,  well  tmfed  for  freeoo  work, 
somewhat  fugitive  in  water- oolour,  and  apt  to 
injure  certain  of  the  lakes  when  associated  with 
tbem.   It  u  unaffected  by  anlphor  compounds. 

OnUitonf,  a  \cllow  pigment  derived  from  a 
calculus  formed  in  the  gall-bladder  of  oxen. 
It  has  bflca  used  as  a  water'Cohnir,  but  is  of  no 
permanence  and  little  value. 

Oambogcgutii,  gummiguiUgomme-guUe.  This 
familiar  pigment  is  a  gum-resin  yicl(ie<l  l)y 
Malayan,  SUmeee,  Burmese,  Indian,  and  Cinga- 
leae  species  of  Qaniiutk.  Gam  bogie  or  cambogic 
arid,  the  princijial  of  the  n'sin  acids  eonstitutinc 
the  pigment,  is  Ca»Uj,0«  (Buchner).  Gamboge 
is  better  adiapted  as  an  oil  pigment  than  for 
watcr-colmir<?.  but  even  in  oil  it  is  not  permanent 
unless  beeswax,  solid  paraflin,  or  a  rt-biu  such  as 
Venice  turpentine  or  copal  ha  present  also.  As 
a  water  colour,  gamboge  is  best  avoided  :  alkalis 
fUrken  it,  and  light  not  infrequently  diminishes 
it-  l»nlliancy  of  tint.  If  admixed  with  ca<lmium 
sulphide  or  barium  ohromatCt  it  is  less  alterable, 
bat  aureoUn  and  purree  are  more  trustworthy 
pigment?). 

J/ra^on^g  blood.  The  •Iragtiii-tree  of  the 
Omary  Islands, Z)rac(Ena  7>raco  (Linn.),  the  rat  tan 
tree.  Calamus  dr'tro,  and  a  Narirty  nf  other 
plants,  yicM  de^p  red-culuured  rv-sins  known  in 
oomroerco  under  the  above  name.  The  chief 
suppUes  appear  to  be  obtained  from  Doemono- 
dropt  dracrt  { Blume.),  and  are  exported  to  Europe 
from  Southeni  and  F.jisfeni  Asia,  nndir  ili< 
name  of  palm  dragon's  blood.  The  main 
tinctorial  component  consists  of  the  benaoio  and 
Ijenzrivl  nrr  tie  esters  t»f  dracoresinotannol. 
C,H,0'Ob,  a.s.'*ociftte<l  togother ;  the  fir-t- 
named  being  greatly  in  exoess.  Drugiui'h  blood 
is  mostly  uaeid  as  a  colouring  ingredient  for 


varnishes,  wood  stains,  French  polish,  and  the 
like.  As  a  pigment  it  is  fugitive  and  untrust- 
wort  h y.  It  dries  poorly  and  is  injured  by  certain 
other  pigments,  such  as  flake  white. 

Eooktu^t  fntn  and  Frfmkm  ifrwn  are 
'  inixerl  *  pigments,  composed  of  gamboge  and 
I  Prussian  blue. 

Iniigo,  indiffoHn,  indigo  Hve,  C,«H4*NaO„ 

^  or  C^,<l^.'^^j>C:C<^0>^C,H^  is  formed  by 

the  fermentation  of   the   glucoside,  indican, 
^stHtjNjOji,  a  constituent  of  varioTiH  species 
I  of  indigofem,  especially  /.  tincioria  (Linu.),  and 
of  other  plants,  such  as  woad,  /■oiti.i  tincioria 
i  (Linn.).   Oommorcial  indigo  is  impure  iudigotin 
and  is  greatly  improved  m  quauty  and  hue 
'('intense  blue')  by  successive  treatment  with 
;  hydrochloric  aoid,  hot  water,  sodium  hydroxide 
solution  and  strong  alcohol  (Cliureh).  Synthetic 
indigo  is  now  a  formidable  ri\;i7  to  the  natural 
product,  and  jh  stated  to  contain  07  p.c.  of 
the  pure  pigment.   Ind|go  in  oils  and  water 
is  wanting  in  permanency,  and  suffers  deteriora- 
tion in  the  presence  of  chw»nM»«i  and  other  pig- 
ments.   It  is  allege<l,  howc\  er.  that  there  are 
prepared  *  absolutely  fast '  indigo  lakes  (Zorr 
and  RObenoamp,  ^g.  ed.,  IWw,  trMislator^s 
note,  p.  4.'>0). 

^epiaia  the  dark  bronTiish- black  pigmentary 
matter  contained  in  the  ink-bags  of  the  Mspia,  or 
cuttleGsh,  and  allied  eephalii|)odous  organisms. 
The  method  of  pruparaliuucuiiiiists  in  boiling  the 
crude  sepia  with  caustic  soda  solution,  filtering, 
;  preci|Htating  the  oolourinff  matter  from  the 
I  alkahne  solution  by  the  addition  of  hydrochloric 
acid.  eolle<  t  in<i.  washiii;.',  and  dr\  in^.    Sf'])ia  is 
!  permaucut,  inert,  and  Huitable  both  for  oils  aad 
!  aqueous  media.   It  is  especially  useful  for  mono- 
chrome  work  and   in    water-colour  painting. 
The  exact  chemical  nature  of  the  compound 
I  melanin   (apparently   a    weak   orgMiio  acid, 
I  sepiaic  afid),  which  constitutes  78  p.c.  of  the 
I  pigment,  is  at  prcacut  incoui|jletely  studied. 

Pigments  composed  of  lakes.  The  lake 
j  colours  have,  during  the  past  two  decades, 
I  become  of  prominent  importance.  Tbey  are 
fully  dealt  with  in  the  article  'L\k>;  , '  .ol.  iii. 
,  p.  235.  In  oontradistinotion  to  the  pigments 
j  already  described,  which,  for  the  most  part,  are 
aubstaniive  colour;^,  i.r.  ronsi^t  of  homogeneous 

E articles  (cy.  auntolin,  ulirome  grwn,  lamp- 
lack),  tho  lake  pigments  are  adjective  products, 
and  arc  compounds  of  a  soluble,  (usually) organic 
I  colouring  principle  M-ith  an  insoluble  inorganic 
:  base,  most  often  non-pigmental,  anti  generally, 
!  but  not  invariably,  white.  Among  the  bases 
I  employed  are  abimtnium  hydroxide,  ealcium 
!  stdiihatc.  zinc  oxide,  kiesi  lvuhr.  kaolin,  and  iron 
.  oxide,  but  many  others  arts  usvd.  Three  classes 
of  lakes  come  within  the  cat<  gory  of  p^jments  t 

(1)  lakes  nindr  from  animal  colouring  matters  ; 

(2)  lakes  i»rc[>ared  troin  vegetable  substances  ; 
and   (3)  lakes  obtained   from   coal  tar  pro- 

I  ducts.    I.Akes  l>ek>nging  to  the  first  two  cUsses 
!  were  in  use  at  a  very  early  jN'Hod,  btit  the 
far  more  numerous  lakes  made  from  artificial 
colouring  principle»  are  of  quite  rootleni  intro> 
'  duetion. 

Cnrmini  i    tl>*   most  ini|)ortj»nt  f  xainple  of 
a  lake  |iignient  iM-lonj^'in^'  t«i  the  Wmi  <»f  ihewe 
cla.sM's.    'fho  dried  feinalen  of  the  cochineal 
i  insect.  Coccus  caeti,  are  boiled  with  water,  alum. 
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Atannous  chloride  and  sodium  carbonnto  being 
added.  After  itMiding  for  a  few  days,  the 
decanted  liqt&d  throws  down  t1if>  pigment  as  a 

crimson  prccipitatr-,  which  is  waslicd  nnd  dried. 
Analysis  8bo\7H  that  the  major  part  of  the 
inorpudo  base  present,  together  with  the 
carminic  acid,  ^^^H^jO,,  (Liobcrmfinn),  is 
aluraiua.  By  varying  the  quantity  and  nature 
of  the  base,  other  lake  pigmcmts— ^duneal 
lakes — are  produced.  'I'hr'ic  contain  more 
wattT  and  more  of  the  alununuuij  or  other  bases 
than  carmine.  Cartnirut  ktke  ( Florentine,  Vienna. 
Paris  or  Munich  lake)  may  be  regarded  as  little 
more  than  a  variety  of  carmine.  Crimson  lake 
is  more  basic  than  t-ithcr.  PurpU  t/ihr  contains 
a  lime-alumina  base,  and  scarUt  lake  is  a  *  mixed  ' 
pigment,  com  posed  either  of  atimrin  red  or 
of  crimson  lake.  brightene<l  by  vermilion. 

Indian  purpU  reeulte  when  cochineal  extract 
preoipitatea  by  eolation  of  copper  sulphate. 
Burnt  or  rnaftrd  rarmlne  is  nbtninrd  liy 
cautiously  heating  carmine.    A  similar  product  , 
oalled  hwnU  lake,  oaa  be  pwpaied  from  orinuon 
lake. 

All  thcao  cochineal  pigments,  though  beauti- 
ful in  hue.  are  ex'  rs-ively  fugitive,  andehouldbe 
excluded  from  the  artist's  palette. 

Lae  Idte,  Indian  lake,  lae      take^  lack  lack. 

A  resin  called  gum  lac  is  formed  on  Ficus 
rd^grtOM  (Linn.)  and  other  trees,  when  punctured 
by  Ooeeui  lacca.  an  organism  siinilar  to  the  cochi- 
neal insect.  The  exudation,  though  initially 
vegetable,  runs  from  the  female  ius^ecl  and 
solidifies  on  the  twigs  as  stick  lac.  This, 
extracted  with  water,  yields  lac  dye,  and  the 
in.soluble  residue  constitutes  the  secil  lao  and 
shellac  of  commerce.  After  purification,  the 
lao  dye  (laooaio  acid,  Ctaii.aO|,  Sohmidt)  is 
extracted  with  an  alkaline  solutfon  and  mrne- 
quently  treated  with  alum.  The  preci])itatrd 
lao  lake  is  washed  and  dried.  This  pigment  is 
leM  fuiritiTe  than  the  ooehineallahee,  imt  Ite  hne 
is  inferior  (v.  Lac  Dte). 

Among  the  lake  pigments  belonging  to  the 
■eoond  class  mentioned  above,  tfaow  prepared 
from  veffetable  substance??,  nre  the  nnturnl 
madder  lakefi.  The  madcicr  root,  Rubia  tine- 
torum  (Linn.!,  contains,  together  with  purpurin, 
r!,^HjO,(OfI),,  the  glucoside  ruberj'thric  acid, 
C2,Hj,0i4,  which  by  hydrolysis  yields  di- 
hydroxiy-anthraquinone  or  al  i  z;arin» 

C,4H,0,(0H),. 
This  compound  is  capable  of  giving,  according 
to  the  nature  and  proportions  of  tin-  l)ast -i  em- 
ployed in  association  with  the  acidified  and 
washed  madder  root  (alumina,  limo-ahimina, 
iron  oxi<h\  copper  ovide.  ct  alia),  erinison,  pink, 
purple,  brown,  and  plum-coloured  lakes.  Under 
similar  conditions,  purpurin  give.^  orangc-hucd 
and  hriqhf -i-i  'l  in'"]iict-.  The  principal  natniiil 
in  iiM.-r  jiii^nici.t.-.  arc  iiioddrr  red,  rose  vuxddtr, 
iimtl'lt  f  carmine,  ptnk  madder,  purple,  madder, 
}{td>ens^  madder,  and  maddfr  broivn  ;  but  these 
lakes  from  the  ma<lder  root  are  now  almost 
obsolete,  the  preparation  of  artificial  alizarin 
and  purpurin  from  anthracene,  C14H1M  having 
lefl  to  the  cheap  and  facile  production  of  artificial 
•  niadl  I  1  11  -  '  !ii.fra)  on  a  larire  eommereial 
.scale.  Whether  natural  or  of  artifi<ial  origin, 
the  madder  pigments,  although  alterable  by  pro- 
lonijed  exjvjMire.  nre.  as  a  class,  far  Uss  ji'Ti'^h- 
able  than  the  coccus  lakce.    Tiui^  atatcmcnt  does 


not  apply  to  the  80-caUe<l  '  yellow  madder,* 
yellow  lake  (next  paragraph),  and  the  like,  which 
are  extremely  fugitive  pigments. 

Other  hi  Ices  from  vegetable  sources  are  those 
j  from  red  sauders  wooo,  alkanet  root,  AnchvM 
HnOoria  (Lam.)  (inoluding  the  pigment  oalled 
violet  carmine).   Bra/iludml,  logwood  or  cam- 
peachy  ^vood,  archil,  buckthorn,  and  quercitron 
or  black  oak.   Tba  pigments  biown  as  Vienna 
'  lakf  and  rose  pink  are  prepared  from  Brazil 
wood,  Caesalpinia  BrazUtensig  (Linn.)  ;  yeUmr 
!  lake,  brotcn  pink,  HaUon  fink,  *  yellow  madder.' 
;  Dutch  pink,  tjelUm  carmine,  citrine  lake,  '  stil  de 
grain,'  sap  green,  lokao  {Chinese  green),  and 
other  piL'mc'iits,  nrr  dt>nve<l  fr-  rt.  iiu'rcilroii  baric. 
QuercM  discolor  (Ait.),  &c.,  or  from  different 
species  of   bneMhom  {Rkamnfu),  inelnding 
Per-ian,   Avignon  and  other   Iw'rric.e.  Violet, 
blue,  red,  and  intense  blue- black  lakes  con  be 
prepared  from   logwood.    Hcematoxylon  com- 
prrhiavrim  (Linn.).    French  purple  is  an  nrchil 
ialic.    Hed  and  violet  lakes  are  \nclded  by  red 
sandcrs  or  santal  wood,  Plerocarpus  santalinus 
(Linn.).    All  these  pigments  are  fugitive  and 
untru.stwx>rthy.    Old  fustic,  Chlorophora  tine- 
toria  (Gaudich),  young  fustic,    Bhus  Cot  inns 
(Linn.),  and  turmeric,  Oureuma  tinctoria,  may 
be  mentioned  here,  bat  they  are  dye-woods, 
i  ratlK  r  than  souxoGd  of  pigments  [v.  leparate 
I  articles). 

I      There  remain  to  be  considered  the  lakee 

'  obtained  from  coal-tar  prodnelR.  The^e,  tn  a  rrreat 
extent,  have  supersi dcii  the  kken  ui  aniniai  and 
vegetable  c»rigin.    They  have  already  been  de> 
scril>ed  in  the  article  *  Lakes  '  to  which  reference 
may  be  made.    The  following  short  li.st  includes 
I  only  some  of  t  he  important  jrroups,  and  the  names 
:  of  a  few  of  the  more  familiar  pigments :  Qroup 
'  I.  Alizarin  or  atHfieial  maM*r  (alxs  (preTiotisly 
menlior;ed) ;  the  names  of  some  of  the  pigmeTit.** 
have  already  been  given,  but  the  commercial 
I  designations  of  other  repneentatiTO  examples 
are   alizarin    ormujf    (mari'joM,    pvrr  j/rllmr), 
I  alizarin  carmine,  per'nav  at  crii/i^on.  oliv  green, 
]  olive  lake.  *np  green,  Jmlian  lake,  srarli't  lake, 
nh'z'irin  pink,  alizarin  him.  and  alizarin  rinltt, 
I  Group  2.  The  tripftenylindhuue.  CH(C,H4),,  or 
I  romniline  group  of  lakes  :  e.g.  the  magenta  and 
!  violet  lakes.    Group  3.  Lakes  from,  the  halogen- 
:  substituted   phenol-phthaleins,   or  eosins ;  e.g. 
'  '  vermilioncttes,'  Victorin  rrdi,  Ruijal  nd^s,  J  e. 
Qroup  4.  Lakes  from  llie  amino-phthfUeins  or 
rMbimines ;  e.g.  deep  pink  to  bluishored  lakea. 
Groups.  Lakf  "  fri»n  stdphonated  a:o  rompovvd^  ; 
exceedinsly  numerous,  and  ranging  in  colour 
from  vanons  shades  of  yeUow  to  deep  violet-rcda. 
Gronp  6.  Thr  azinr,  oryazine,  and  thioazinr 
lakes:  e.g.  NiU  him  A,  methylene  blue  B ; 
various  red  lakes.  '  " 

Unfortunately,  the  pigments  obtained  from 
the  artificial  colouring  matters,  with  the  excep- 
tion of  the  alizarin  lakes  and  some  of  the  pig- 
ments moduoed  from  the  azo  colours,  are 
neither  tight^fast  nor  are  thev  damp«faet  or  air> 
fast.  Many  of  the  most  brilliant  products  are 
deteriorated  by  a  few  hours'  exposure.  Apart 
from  the  artificial  madder  lakes,  practically  all 
these  oxqnisite  pigments  are  uadiess  to  the 
artist. 

Stability.  For  many  yean  past  much  atten- 
tion has  bet  II  devoted  to  the  subject  of  the 
permanency  or  stability  of  pigments  under 
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various  conditions.  The  agencies  to  which  the  [  another,  light  causes  the  unstable  colour  to 
painter's  oolours  may  ordLtanly  be  subjected  i  fade,  leaving  the  stable  pigment  virtually  im 


are  light,  air  (possibly  in  aaaooifttion  irith  yary> 

mg  quant  it  if  s  of  noxious  gases,  ,-mh  as  sul- 
phuretted hydrogen  and  sulphur  dioxide), 
moiatvre,  the  veniole  or  mediam  used,  the 
associated  pigments.  Mid,  in  fOUM  OBBM,  tbe 

painting  ground.  ; 

As  long  ago  as  1T72,  Sir  Joshua  Bevnolds 
tested  some  of  the  pigments  he  used,  ana  since 
his  time  many  observers  have  similarly  experi- 
mented, but  in  a  more  systematic  and  scientific 
manner:  among  them,  Dyokman,  Andrew, 
Deeanz,  Simpson,  Rood,  Hartley,  RaaMlI  and 
Abncy,  Church  and  Laurie.  Much  good  work 
in  this  connection  has  been  done  by  the  Munich 
Deutsche  Gci^eUaoliaft  fiir  BefSrderung  ration- 
oiler  Malverfahren  ;  and  dnrinfr  the  years  18S>4— 
1904,  the  Burlington  Fine  Arts  ('lul>  carried 
out  a  seriea  of  vahiable  tost^s  of  \\uter-(-oIour 

Skints,  ex]K)sed  to  light  under  difiercnt  con« 
tions.  ()','ili  n  N.  I^d,  whose  experiments 
were  made  with  washes  of  st  vcral  dozt-n  water- 
oolours  upon  drawins-pftper  during  three  and  a 
half  sarnmer  montlis*  ezpomra,  fovnd  only  the 
foIKjwins;  twelve  pigments  unafTootcd  :  yellow 
ochre,  Roman  ochre,  cadmium  yellow,  Indian  red, 
light  red,  jaune  de  Mars,  cobalt,  Hmalt,  French 
blue,  burnt  sienna,  humt  uml>cr,  and  torre  verte. 
The  exiieriments  of  Ilu.saell  and  Abney,  \i\)ou 


the  action  of  light  on  water-colours,  showed  tnat  ;  be  kept  dry 


altered  ;  and  (4)  that  the  more  nfmngible  raya 

of  light,  which  jirodiio"  the  t:rc<it*  st  ch.^Ti^'c  in 
pigments,  are  present  in  comparatively  timall 
proportion  in  the  lights  usually  employed  in 
illuminating  a  room  or  picture-gallery. 

The  German  society  above-mentioned 
selected  the  following  list  of  normal  eohttn  for 
oil-painting,  as  having  been  show'n  by  experience 
to  De  the  most  permanent  and  trustworthy 
under  the  inlluonces  of  light  and  air:  white 
lead,  sino  white,  Naples  yellow,  oadmium  yellow 
(darker  shades),  Indian  yellow,  brown  and 
yellow  ochrr',  terra  di  siena,  burnt  ochre,  red 
ferric  oxide  colours,  vermilion,  madder  (aUzarin) 
lake,  cobalt  blue  and  green,  ultramarine,  the 
Pru-Fian  l)ln<s,  chnjmitini  oxi<le  green,  green 
earth,  umlxT,  asphalt,  munuuy,  ivory  black  and 
lampblack  (Zerr  and  Riil>encamp). 

The  Burlington  Fine  Arts  Gub  trials,  which 
were  made  with  washes  of  a  considerable  number 
of  moist  ^^■ater•colour8  upon  Whatman  pajxr 
exposed  to  dry  air,  moist  air,  and  in  glazed 
frames,  refipectively,  were  totaDy  nnfavoimble 
to  ganiliotie.  Indian  yellow,  Vandyke  brown, 
crimson  Inke  and  vcrniiUon ;  but  it  was  proved 
that  PruA-sian  blue,  indigo,  sepia  and  other  pig* 
ments  lial)le  to  change  in  damp  air,  may  bo 
regarded  as  tolerably  stable  if  so  framed  as  to 


28.  Indian  red 

29.  Venetian  red 
3i).  IJiiriit  sienna 

31 .  ClirMino  yel- 

32.  l  emon  yel- 

low 

rt3.  IJaw  Hienna 
;!4.  'l  erre  verte 


when  washes  npon  Whatman  pAPer  were  exposed 
for  nearly  two  years  to  light  and  air,  the  follow- 
ing pigmt  !it>  n-niained  unchanged  :  Indian  ml, 
Venetian  red,  burnt  sienna,  chrome  yellow, 
lemon  yellow,  raw  sienna,  terre  verte,  chromium 
oxide,  Prus-sian  blue,  cobalt  blue,  French  blue 
and  ultramarine  ash.  In  the  table  lx;low,  the 
approximate  order  of  instabiUty  of  the  pig- 
ment.*', the  most  fugitive  being  plaoed  firsts  is 
set  forth  : — 

1.  *rarmln«         16.*VioIet  car- 

2.  *CriuM()n  lake  rains 
S.'PurpIe  madder  17.*Parpla  car- 

♦  .•Srarlet  lake  mine 
S.'Pajme'g  grey  ]8.*Sepla 
e.'Xaplfts  yellow  10.  Aureolin 

7.  'Olive  (rreon      20,  Rose  madder 

8.  *In<l(Bo  21.  Pprniaiieiit 

9.  »r.rown  madder  t>lii- 

10.  *Gandioge         22.  Antwerp  blue  3.'>.  Climrninm 

11.  *Vandykotirowii23.  .Madder  lake  i  \i<le 

12.  *BroMm  pink  21.  Vermilion  Sfi.  rnissiau  lilue 
IS.'Indian  yellow   25.  Emerald-       37.  Cobalt  blue 

14.  Cadmium  green  39.  French  blue 

yellow         2A.  niimt  umber  30.  ritramarbM 

15.  Leltch'sbloe    27.  Yellow  ochre  ash 

The  oolours  marked  with  an  asterisk  altered 

during  only  four  months'  ex])osure  ;  Nos.  27  to 
39  showed  no  chauge  during  two  years.  Of 
tUrty-fonr  mixtures,  only  three  remained  un- 
altered at  the  end  of  the  jx^riotl ;  but  six  mixtures 
oontaining  i'russian  blue,  though  changed  at 
firsts  returned  more  or  less  to  their  original 
colour  when  kept  in  the  dark  for  six  nt'eeks. 
Prussian  blue,  which  has  suffered  in  tint  from 
exposure  to  sunbght,  is  well  known  to  |x>sses8 
the  remarkable  properW  of  recovering  its  colour 
when  plaoed  m  darkness.  Among  Russell 
and  Abney's  concltisions  were:  (1)  thai 
mineral  oolours  are  far  more  staMc  than 
vegetable  pigments;  (2)  that  moisture  and 
oxvgen  arc*  cwjcntial  for  chances  to  be  <  tTn  ii  <1 
in  vegetable  colours ;  (3)  that  in  a  mixture  ot 


As  the  outcome  of  many  experiments  of  his 
own  and  a  consideration  of  the  results  obtained 

by  other  observ»  rs.  Church  concluded  tliat,  for 
oil-painting,  the  following  pigments  are  truly 
l>ermanent : — 

Vermilion 
Cobalt  violet 
Mnrik'ane*c  violet 
Emerald  oxide  i)f 

chromium 
Green   oxide  of 

chromium 
Green  ultra- 
marine 
Cobalt  gnen 
Ultra-    t  natural  _ 
marine  >  artificial  Qra]N»ite 

Generally  allowable,  though  liable  to  some 

alteration  in  siiecial  circumatancfs.  are  - 

Mad<ler  red 

carmine 
Mars  vi<  ilet 
Km*>rald  green 
Madder  tfreen 
MalMchite  Rreen 
Terre  verte 
Smalt 

And  the  pigmrnts  named  ImIow.  in  Tlmrch's 
opinion,  «hould  not  bi-  used  in  artistic  painting — 

Green  vermilion, 

etc. 
Indigo 


Flake  white 
Zinc  white 
Baryta  white 
Yellow  ochre 
Kaw  Rienna 
Nanles  yellow 
Cadmium  yellow 
Ca<lmium  orange 
Red  ochre 
Venetian  red 
Llaht  red 
Indian  red 


Hari  ta  yellow 
St  n  lilt  ia  yell<i\v 
Chrtimo  yellow 
Aureolin 
Indian  yellow 
Roi«e  madder 
Purple  madder 


OobaH 

CfproleuTn 

Hnriit  sN  nna 
Ka^v  and  liurnt 

umber 
Verona  brown 
Capi>agh  brown 
Prussian  brown 
Ivory  black 
Charcoal  black 
lAiap  black 


Prussian  tiliie 
.Antwerp 
Madder  browa 
Vandyke  brown 

(earthy) 
Col  Off  no  earth 
Bitiuneo 


Yellow  madder 
Brown  pink 
Yellow  lake 
Gamboge 
King's  yellow 
Zine  elvomsfte 
Carmine  and 
burnt  rannine 


I  ehromate  Sap 


Crimson  lake 
Indian  lake 
Purple  „ 
Scarlet 
Vitdet  cannfaM 


gnsn 

llgris 


Blue  verdltsr 
Blnsodm 
Vaiuhtetoown 

(bttvmlooits) 


lor  wat<T-e()lour  and  tempera  painting, 
flake  white,  pale  cadmium,  true  Naples  yellow, 

chrome  y.II(t\\.  artificial  vermilion,  mniaehitc 
un-cn,  madder  brown,  bistre,  and  sepia,  niu.'it 
l>e  addc<l  to  thi.s  last  list  a8  being  quite  im« 
t ru^it worthy.  Other  pigments,  in  addition  to 
ihc  foregoing,  arc  unsuitable  for  fresco  work 


ooloiirs  bftTlng  no  direet  chemical  Mtion  «n  one  i  and  stcroochiromy    e.g.  the  F^ssian  blues. 
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Antwerp  blue,  all  the  clironuitcs  and  the  madder 
oolourfl. 

The  iiI;_Mnf'nts  n>f»ardetl  by  Decaux  a»  qnitr 
uucbaiigcablc  in  oils  arc:  zinc  white,  llakt- 
white,  yellow  oohre,  Maplea  yellow,  deep  cad- 
mium, iftw  sienna,  red  oohrc.  Mars  r«xi, 
Vcfictian  ml,  burnt  Italian  earth,  green  oxide 
(tf  ( Iiniriiiiini.  tt  rrc  v<  rte,  gre^n  ultramarine, 
artificial  ultramarine,  cobalt  blue,  and  ivory 

With  r(  fiTcnce  to  the  action  of  foul  izn^cs,  it 
may  bo  stated  epnerally  that  the  lead  and  oopper 
pigments  are  cMjM  cially  sensitive  to  sulphuretted 
hydrogen  ;  the  ehroniwtcs  rif  zinc  and  barium 
aro  liable  to  turn  green  in  the  presence  of  isul- 
phur  dioxide ;    animoniacal  vapours  will  in- 

{uriousJy  afieot  the  copper  greens  and  Prussian 
tines ;  add  fumes  may  injure  ultramarine,  and 
rf<lii(  iTi^  nr  ii\-i(lisiii^  ^ax-s  ait-ack  iinliirc 

Certain  pigments  should  not  be  usihI  iu  con- 
junction: thus,  aureolin  and  indigo,  aureolin 
and  cochin«al  lake«.  cadmium  yeno\r  and 
emerald  green,  vermilion  and  malachite,  white 
lead  and  UtliopoiM,  and  chrome  yellow  and 
lithopone,  are  examples  of  mixtures,  the  com- 
ponents of  which  may  mutually  react  when 
intimately  mixed.  In  an  oil  medium,  there  is 
less  liiceiihood  of  such  injurious  interaction  than 
with  water-colour  pigments,  but  it  may  be 
afflrini  il  lliaf  it  i>  in  i^'fucral  wiser  U>  mix  pi;.'- 
mciil.s  oil  the  palette  than  to  grind  them 
together.  K.  G.  V. 

PILOCARPENE.   PILOCABPIDIMS,  VIW- 
CARPINE  ?'.  -Tahokandi. 
PILOLITE  >:  AsnLSTOs. 
PIMARIC  ACID  V.  Resins 
PIMELIC  ACID  CjH.jO,.    Twenty-live  iso- 
meric acith  having  this  formula  have  been  pre- 
parod,  and  of  these  three  ore  known  as  jsimdic 
odd, 

Nonrml  pim'^Uc  nci'l  ("OJ\[ru,]^C0iH, 
obtained  by  the  oxidation  of  fats  (Bouveault, 
Bull.  S.«.  ohim.  1898  [iii.]  19,  562).  and  of  castor 
oil  (n:iTit+er  and  H.H,  Ber.  1881,  2213);  pre- 
pared by  tht>  oxidation  uf  suborone  {v.  suberic 
acid)  with  nitric  a(  i<}  (Schorlommer  and  Dale, 
Annolen,  199,  J47) ;  by  heating  pentanc- 
t^tracarboxylio  acid  at  26o''-220*  (Perkin  and 
Prentice,  Chem.  Soc.  Trans.  1891,  82.'i)  •  by 
treating  a«>dichloro*»  dibromo*,  or  di-iodopentano 
with  potasnivm  cyanide  and  hydrolysing  the 
nitrile  thus  formed  (Braun.  Ber.  1904,  3588; 
Uamonet,  Compt.  rend.  1904,  139,  59) ;  by  the 
intetaotion  of  the  sodium  compound  of  ethyl* 
cj'anacetafo  and  triniethylone  dibromido  (Car- 
penter and  Perkin,  Chem.  Soc,  Trans.  1899, 
924);  by  the  interaction  of  piixridinc,  cyanogen 
bromide,  and  phosphorus  ])cntacldonde  (Braun, 
rhem.  Zentr.  1909,  ii.  1993) ;  by  the  action  of 
8o(liu,'M  in  amvl  alcohol  on  salicylic  acid  (Einhorn 
and  Wilsttittor,  Ber.  1894,  33;  Einhorn  and 
Lumsden,  Annalen.  28«,  260;  Walkwr  and 
T.umsden.  Chem.  Pm,  .  Trans.  TOOl.  linsi  ;  l,y 
the  roducfion  of  fiironic  acid  with  hydriodir 
acid  and  red  phosphorus  (Bnever,  Ber.  1877, 
1358);  by  t)io  reduction  of  pipervlene  tli'-ar- 
boxylio  acid  with  Hcxlium  in  alkaline  solution 
(WillsiattfT.  Ber.  ISOH.  ir.r,0>;  by  (he  inter- 
action uf  trimethyleno  bioniidc  and  iniilonic  ester 
nnd  heating  the'proibi.  t  thu^^  f..rmed  (Perkin. 

msi.  3289).    Cry.stallis«-s  in  needles  from 
btnztnu  and  plates  from  water;  m.p.  106°. 


By  heating  the  noid  with  lime,  cftciohcxenxono 
ia  produced.  Substituted  alkyl  pimclio  acids 
are  produ«fil  }>\  the  redurtion  of  substituted  o- 
phenol  carboxyiic  acids  (Einhorn,  Annalen,  295, 
173;  Chem.  Zentr.  1897,  L  100$;  D.  R.  P 
9U556). 

P-pimeUe  add  is  identical  wth  normal 

pifiiihr  drill. 

Pimelic  <iri(l,  i!iO' Froj/yLsucc in  ic  nri'l— 

(CH5)aCH-CH(C0,H)-CH,CUjii 

prepared  by  fusing  d-oamphorie  acid  with  oanstie 

alkali  (Hlasiwil?.  and  ('rabowi>ki,  Annalen,  145, 
207;  Mahla  and  Ticmann.  Kor.  1895,  2152  ; 
Crosaley  and  Pcikin.  ('hein.  Soc.  Trans.  1898, 
22) ;  by  the  action  of  nitric  acid  on  ;9-Mopropyl- 
5-ketohexoic  acid  (Crosjiley,  Chem>  Soc.  Trans. 
1902,  676) ;  fay  the  action  of  potassium  per- 
manganate on  tetrahydrooarvone  in  oUuline 
solution  (Baeyer  and  Oohler,  Ber.  1896,  36); 
by  treating  amylono  bromide  with  potassium 
cyanide  and  hydrolysioA  the  resulting  nitrile 
( Anwem  and  Ibyer,  Annalen,  298, 160  and  177)  • 
by  similarly  treat  in  cr  i«ocaprolactone  (Blaise, 
Ujmpt.  rend.  124,  90) ;  by  the  reduction  of 
terooonie  acid,  dimethyl-4-citraconic  acid,  or 
-mesar-onip  arid  with  sodium  amalgam  (Filfig 
antl  Kratit,  Anualen,  304,  200) ;  by  treating 
ttethujonc  with  potassium  permanganate  and 
sodium  hypobromite  (Wallach,  Ber.  1«897,  423). 
M.p.  116°-1170  (Bcntley,  Perkin,  and  Thorpe, 
("hem.  Soc.  Trans.  1896,  274);  readily  .<oIui-h> 
in  chloroform,  benzene,  and  warm  water. 
Qbddation  witii  potasrium  diehromato  and 
sulphuric  acid  con\  t  rts  it  into  terebio  acid, 
C,H,„Oj  (Lawrence,  CIumu.  Soc.  Traa?.  1899, 
527). 

yPxmelic  acid,  fi-mcthyladipic  acid — 

CO,H  CH,  CH,  CHfCH,)  CH,  CO,H. 

This  acid  contain.^  an  asyiumetric  carbon  atom, 
and  hence  tsdUtB  in  two  st«reoisomeric  forms. 

d-Acid,  prepared  by  the  oxidation  of  citro- 
ncUal  or  citronellic  acid  (Tiemann  and  Schmidt, 
Ber.  isnfi.  <X)8;  Semmi.T,  ihid.  1893,  2267). 
of  Mopulcgol  (T.  and  S.,  ibid.  1897,  25),  of 
pulegone  (Semmler,  ibid.  1892,  8616),  or  of 
menthone  (Manas-^c  and  Rape.  ibid.  1894,  908). 
Can  bo  obtained  from  menthol  (Fieckmann  and 
Mchrlander.  Annalen,  289,  378).  Mdts  at 
93°-94-5''  (Wagner,  Ber.  1804,  1642),  at  84'6» 
(Semmler,  I.e.). 

l-Aci^l,  prepared  by  the  oxidation  of  Z-oitao« 
neUal  (T.  &  S.  Ber.  1896,  923).  m.p.  84  S*. 

Ina'-livf  arid.  Prepared  bv  the  oxidation  of 
I-  citronellal  (T.  &  S.  ibid.  I89»5,  925)  or  from 
equal  quantities  of  the  d-  and  I-  acids:  m.p. 
93»-94^ 

isoPi'melie  acid^  oM-mcthifldJiuhucanic  acid 
CH,-C(C,H,)CO,H 


:,<x),H 

prepared  from  amvlone  bromide  and  potas.»*iura 
cyanide  (Hell.  Her.  1891,  1390:  Bauer  and 
Schnler,  J.  1878,  733),  or  from  the  mixture  of 
tricnrbnxylic  acid  esters  (b.p.  13.')°- 1 W  at 
U-15  mm.),  obtained  by  trt^atine  etbsl  a-brinno- 
methylethyl  acetate  with  srxiiiiniabinic  er^ter  in 
xylene  solution  (.Auwcrs  and  Frii7-w»'iler.  rVnna- 
len,  298,  166;  292,  |r>j.  and  182):  m.p.  I03»- 
101'. 

PIM£NTUOL  V.  Caujuobs. 
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flO  c.c.  of  sulphuric  acid  f<>f)nc.)  aii<i  making  up 
dno«l,  full-gruua  but  unripe  fruit  of  Pimenla  to  I  litre).  Thi'ii  tilratf  with  thi  {K-rnmn- 
cffi-rinalis  (Lindl.).  eanatc  solution  {1-333  prnw.  per  litre)  until  the 

The  plant  is  ludigeDoua  to  the  West  Indies  '  Jiqaid  beoomen  of  a  bright  yellow  colour.  Note 
and  is  largely  cultivated  in  Jftmftiea,  vliwicp  !  thennmberof  o.e.ti8«fl.  Aficert«in  the  equivalent 
<n!r  supplii  s  im-  ilf-rivcd.  The  globular  lirrrii  .-.  of  the  permanganate  in  <«  rrns  of  N  10  ox.tlic 
dark  purple  when  £ro§h,  brown  when  dry,  are   acid  aud  oalouJate  the  number  of  c.c.  of  the 


from  o  to  8  mm.  in  diameter.  They  m  enclosed 

in  a  two-  but  sotin  tinns  one-  or  thref-cclltd 
fruit.  They  are  gathcitd  when  of  full  size  but 
etill  not  quite  ripe,  and  dried  in  the  j>«n. 

Tho  characteristic  flavour  due  to  an 
aromatic-,  pungent,  volatile  oil,  resembling  in 
smell  that  of  cloves;  other  important  con- 
stituents being  a  fixtnl  oil,  tannin,  resin,  and 
mnoh  starch.  Full  analvses  by  Richudson 
ilL  S.  Dept.  of  Agric.  DiV.  of  Chem.  Bull.  18, 
221)  yielded  the  following  results : — 


former  used  in  oxidieing  the  yrimeoto  solution. 

ronvrrt  tfiis  into  its  equivalfiif  nutnlHT  of  c.c. 

ot  oxalic  in  i<l.  Eaeh  e.e.  of  ike  oxalio  acid 
I  =0*0623  grin,  nf  (luereitannic  acid. 

The  following  table  will  afford  some  idea  of 

the  figures  yielded  by  genuine  samplcii,  but 

comijaratively  few  anaJjsss  nf  mtheintio  sped- 
I  mens  are  on  record. 

I      Analyses  by  Wink^n,  Ogden  and  llitchcll, 
Ann.  RBp.  Oottneot.  Agtionlt.  Station,  1898, 

p.  204. 


Whole 


Grouiul 


Max.  Min. 

WrtUr    .        .        .        .0-19  8-82  5-51 

.\sh        ....     4  01  fi  r.:?  3-45  I 

Volatile  oU     .        .       .5-15  3'32  2  07 

Fixe<ioil       .       .       .    <M5  8-92  3-77 

Fibre     ....   1,4-83  18-98  13  1.1 

Proteid  ....  5-42  4  03 

Nitrogen  .  0>70  0*87  0*64 
Otiereitannie  aci«l  (* tannin 

equivalent')        .       .  10-97  12-74  8-27 

Ums.    Pimento  findii  its  chief  nsf  as  a  oondi- 

iiictit.  Init  it  is  ojfirinn!  in  tlic  "Riiti  h  Pharma- 
copcaia  together  with  an  aqua  aud  the  etiisential 
oil.  Its  tlwranentie  action  is  that  of  an  aromatic 
atimulint  .iinf  I  armi'i.'xl  ■  \ c. 

AduUeratioH.  i^jniparatively  little  »old 
in  the  ground  state  in  this  country,  so  that 
pimento  is  rarely  if  over  nrlnlterated  here. 
Very  few  gamples.  liuwever,  are  examined 
wi^er  the  Sale  of  Food  and  I>rug.<«  Ads.  The 
Vfllial  spioe  adulterants  may  be  looked  for, 
namely,  addwl  8taroheN.  ground  olivo  stones. 
»n*I  th.  shells  of  coconut  and  almoixi,  \  c. 

AntUgfi*,  Miorosoopical  examination  wiU 
suffice  to  detect  all  the  likely  adulterants  of 
vegetable  origin.  The  nio.-'t  chaiaoteristic  struc- 
tures to  be  observid  arc  minute  starch  grains, 
njBuaUy  about  8/x  in  diameter  and  not  exceed- 
ing 12u.  \rith  a  distinct  hilura.  often  |.>iiKfl  in 
pairs  or  triplets,  or  larger  aggregates  :  numerous 
OOlourlcMi  stone  cells,  name  very  large ;  and 
pigment  cells  containing  irregular  f»ort  wino  Of 
araber-colourcd  mas«efl  of  rcMin  or  gum. 

The  most  n.seful  d<  terminations  are  ash, 
tannin.and  fixed  etherextract.  Unless adultera- 
tion  is  discovered  by  the  mierasoope.  anything 
further  i.s  (Horn  rr((nirr'd.  Should  olive  stones 
or  nutnu'g  be  susjx'cted  of  being  present,  tiieir 
"special  characters  are  given  mder  FKPPBRf^.t*.). 

The  direct  defcrininit ion  of  tannin  i?  th  illi.  r 
easy  nor  satiiifactoiy,  but  very  fair  result-  may 
be  obtaine<)  by  osJculating '  the  quer  '  iiic 
acid  from  the  proportion  of  oxygen  absorbeci 
from  potassium  permanifanate. 

The  process,  duo  to  Riehard.Hon  {U.  S.  Dept. 
of  Agric,  JUiv.  of  Chem.  13,  167).  is  as  follows  : 
Boil  2  grnut.  of  the  sample,  after  thoroughly 
'•xtra<'t)nK  with  ether,  with  .3<M)  e.e.  of  watir 
fm  2  hours,  oool,  nuike  up  to  iiOU  c.c.  with  water 
and  filter.   Mix  25  e.e.  »f  tho  filtrate  with 

'Tit*  r.f.  nf  watf-r,  adil  2.'j  c.r.  of  iinl;'_''<  '.Iiilinn 

(raa^ie  Uy  dii^solving  0  gruH.  ol  i)otn-i.<ium  sul 


Moisture 

Max. 

Min. 

AveraKc 
9  78 

10-14 

9-45 

Ash  .... 

4-76 

4- 15 

4-47 

„    solul>le  in  u^ter 

2-69 

2*20 

2-47 

„   insol.  HCl 

0-06 

o-ob 

0-03 

Ether  extract,  volatile  . 

«'21 

3-38 

406 

fixed 

7-72 

4-35 

5-84 

.;\lcobol  extract       .  . 

14-27 

7-39 

11-70 

Starch  (diastase  method)  . 

3*76 

1-82 

3-04 

Fibre  .... 

23-98 

20*40 

22-39 

.... 

102 

0-83 

0-92 

Queroitannic  acid  . 

12>48 

8^06 

9-71 

Slaniari*.  The  United  .States  standard  for 
AlLspice  provi«Ies  that  the  quereitaniiic  acid 
shall  not  oe  les**  than  8  p.c,  the  a*ih  nul  more 
than  6  p.c..  tho  ash  insoluble  in  llCl  not  more 
than  0-5  p.o.  and  th»^  fibre  (which  should  be 
determined  as  in  pepper)  (q.t.)  not  more  than 
I  25  p.c.  C.  H.  a 

I      FIMEWTO  OIL  V.  Oils,  Essential. 

1  PDf  AOHROMT  and  FINATYPB.  FrooessM 
of  colour  phot nr^raphv  devised  by  E.  KoeDig(v. 
.1.  Soc.  Chem.  ind.  IWO,  667). 

PINCHBECK.    An  alloy  of  zinc  and  copper 
j  brought  int>i  ndtltc  by  Christopher  PinchKcok 
'  in  the  latter  part  o£  hmt  century.    It  was  for- 
meriy  much  employed  in  the  making  of  watch- 
,  cases,  nnd  other  small  ornamental  articles  in 
imitation  of  gold.    Its  composition  is  variable, 
but  usually  consiste  of  0  parts  of  copper  to  1 
part  Rino. 

PINB-APPLE.  The  fmit  of  Ananaa  atdwu* 

(Schult.)  [BromrUi  anan<M]  a  tropical  plant, 
grown  largely  in  the  West  Indies,  Singapore, 
Florida,  the  Bahamss,  Natal,  and  other  hot  coun> 

tri«s.  Aeeorflinc  to  Munson  and  Tolmnn  (J.  Amer. 
Chem.  Soc.  I9()3.  2.").  [iii.]  212).  the  avt<rnue  eom- 

fK)8i!i  )ii  fi?8  samples)  of  fn'sh  pine-apples,  21 
rom  Florida,  10  from  C^ba.  4  fron>  I'ort-o  Ki<  i), 

2  from  the  Bahamas,  and  1  from  Jamaica,  is 

Pro-  Free  acid  Rpdncin;;  Canf*  In«o1nble 
Water  Je  n   I'rr  t[,^f)^)    nipjir    niiuar  ninftor 

S5  s:i  0         O'tit)       3-91     7-59  0-40  1-52 

In  (litTerent  specimens,  tho  reduein-j  .sugars 
varioil  fr»»ni  l-"f'«  to  9-75  ]).c.  ;  the  eane  .'^ujrar 
from  3-0  to  10-5  p.e.  .Xccordini:  t<>  Lindct 
(Bun.  Sf>r.  ehim.  1881,  10.  t).'")^,  i)inc  -  apples 
•  dtitain  I  p.c.  or  ninrc  uf  iiiinnit"i.  I'ine- 
>;pplo  juice  is  .saiil  to  contain  an  enzyme,  hromciin^ 
whieh  resembles  |M>psin  niwl  enn  r|i<jrest  a  thonsand 
tih'cs  its  wt  iLlif  "f  pici'  iils  in  a  few  hmirs.  It, 
can  U-  precipiuUi'il  fnMU  the  juieu  by  the  addi- 


phiitdii^tate  in  hot  water,  cooling,  adding  ,  tion  of  common  salt,  and  can  operate  in  ad<l, 
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PINE- APPLE. 


neutral  or  alkaline  melia  (J.  Franklin  Inst. 
1902,  la4,  liv.]  202).  The  leaves  u£  the  plant 
fttroish  A  fibre  whioh  can  be  used  for  the  manuf  ac- 
tnre  nf  rnpr,  hfin<;  ?tron)3r<»r  th;*n  flax.  It  is  also 
uaod  111  the  PhiliIlJn^»••^  for  tlie  preparation  of 
»  cloth  (Board  of  Trade  Jouru  il,  Deo  189S,  671 ; 
«lao  Bull.  Imp.  Inst.  1904,  2,  108).  Piiie-appU»ti 
are  often  canned,  being  pr««erved  in  their  own  ' 
saccharine  juice,  with  or  without  thi-  a«I<lition 
of  sugar.  Analyses  of  commercial  samples  by 
Monson  tud  Tdliiiaa  (Ic)  gave  the  fcdlowing  | 
vnttkgfi  fligutea : — 

lle<luc- 

Pfo-  Fri  .>    in«  Canf         In  n'. 
Wat«»r  tpln  acid  -^UKar  i>u3ar  A*li  inat. 
I.  Sinizapore    Stv::\  0  tO  042    8*00  5-40  0  ;i     l  : 
Tl.  StnKRporo    81       U  4l  032  11-B8  5-14   0-4i)  1-44 
Ul.  Shmapore 

and  StrjUU  78-97  0  46  0  2a  9-91  7  77  0-27  TU 
IV.  Baliamas    85*87  im  0*56   7'M  2-78  0  88  1*88 

T.  average  of  10  .siiiiplf.-;  kno'WTi  to  be  pre- 
served in  their  own  juioe:  IL  preserved  with  . 
addition  of  oane  snj^ar ;  IIL  and  TV.  commercial  j 
sampler,  III.  appifpntly  Containing  addedsQgat^ 
IV,  probably  without  added  sugar. 

Tile  flavour  of  pine-apples  can  be  imitated 
by  a  solution  of  ethyl  bntyrate  in  alcohol 
(ftofman.  Annalcn,  81,  87).  H.  1. 

PINE  NEEDLE  OIL  v.  Oils,  Essbxtxal.  ' 

PINE  OIL  V.  OiL8,  KsSBimaL. 

PINE  RESIN  t;.  Rksina. 

PIWOS  8YLVBBTRIS  OIL  «.  Oils,  Essbr* 

XIAI-  

F1PB-CLAT  V.  Clat. 

PIPERAZINE  ( ElhfUnt-imine  ■  D{rfh>,h  - 
diamine).  al.4o  known  as  Dispermine  ur  Arthiti- 
eim  {C^Rt^E)^,  was  iBrst  obtained  pore  by 
Magert  and  Schmiflt  in  1  '^OO. 

Ammonia  is  allowed  to  act  upon  ethylene 
bromide  or  ohloride  when  a  mixfeore  of  bases 
i»  formed  cnnsi';ting  of  ethylene-  and  triethy- 
lene-iliamiu«,  diethylene-  and  tetraethylene- 
triamine  and  diethylene  diamine.  The  last- 
named  is  separated  from  the  other  aalta  l>y 
treating  the  mixture  with  excess  of  sodinm  or 
))iit  >ssium  nitrite  and  heating  to  60** -70". 
BinitroRopiperazino,  m.p.  154°,  separates  as  a 
Rcaly  crystalline  mass  readily  soluble  in  hot  water. 
The  nitroao  compound  on  being  treated  with 
conoentratod  acidis  or  reducing  agents  yieklh 
ammonia  and  salts  of  piperazine  from  which 
the  pure  base  is  obtained  by  distiUation  with 
alkalis. 

Piperar.ine  and  its  salts  arc  also  manufac'urcd 
by  trfvitiniT  dinitroso-dipheiiyl  piperazine  with 
40  p.c.  aqueous  .solution  of  an  acid  sulphite  or 
with  hydrochloric,  sulphuric,  or  phosphoric 
acids.  The  mixture  is  lieated  to  boiling,^  when 
a  violent  reaction  takes  place,  and  the  dinitroRO- 
compound  diBSolves  to  a  yellow  liquid.  Wli.-n 
the  reaction  is  over,  the  product  is  acidihcd 
with  hydrochloric  aeid  ana  the  amino^phenol- 
8nlp^l  nic  aeid  uTi'i  h  separates  is  filteretl  otf. 
The  tiltrato  i»  now  made  alkaline  and  ti;e 
piperazine  is  distilled  off  with  steam.  It  is 
purine<l  l)y  conversion  into  its  hydnxI.lMtid'- 
and  tla-  pipt-razine  i-H  i^'-Iated  by  ihi-  tli  ui 'inp' >-<i- 
tion  of  the  latter  (Enir.  ]*at.  Wio.  I4'.>7  ;  .1.  S<.r. 
(  hein.  Ind  ISO.^,  ItKi  ;  ih{f}.  |S'J4,  2Tr»).  It  is 
alno  obt  uiii'd  by  the  inlurli^n  of  ethylene 
fj.Tamiiie  uith  /inr  dust  or  si.,iinni  (I).  \i.  V. 
6tH6i):  by  he-^ting  disuiphone  piperazides  with 
sidphurio  acid  at  200'*-3S0**  and  aubseqiieuth 


treat iiii;  the  product  «!n  obtained  witli  powdered 
sodium  hydroxide  (Bug.  Tat.  7120;  J.  See. 
Chem.  Ind.  1893,  645 ;  D.  R.  P.  10Q232) ;  In 
the  decomposition  of  dibenzyl-piperar-ine  with 
dilut«  sulphuric  nt  id  at  100*  (D.  R.  P.  98031  ; 
Chem.  Zentr.  1898,  ii.  743) ;  by  heating  sodium 
ethylene  diyooUate  with  acid  derivatiTea  of 
ethylene  dfaminee  at  280^-360*  (D.  R.  P. 
07811),  and  by  lu-atin;,'  «-  or  /3-  dinaphthyl 
piperazine  with  acids  or  with  solutions  of 
oaldum  or  due  ehlorlde  (D.  R.  P.  791SI).  For 
other  method':  of  preparing  piperazine,  compari 
D.  R.  PP.  733r>4,  7W55  ;  700,'i6j  73125  ;  74626  ; 
n0547 ;  63ei8 ;  65847 ;  71576  j  77361 ;  83624  ; 
59222. 

Proimties.  Pif)cr<i/-iue  furiuM  lustrous  glassy 
ta biota,  ni.p.  104°;  b.p.  140"- 1 4.1°  j  readily 
.soluble  in  wut#r  but  less  so  in  alcohoL  It  is 
vorv  hygro6(^opic,  forming  a  sesquihydrate, 
C«ll,oN,,6HjO,  m.p.  44°,  h.p.  125''-130'.'ubich. 
on  distillatian  above  135%  yields  the  pure 
anhydrous  base  (Berthelot,  Compt.  rend.  1899, 
129,  6S7  ;  ft"  also  Magert  and  Sbhmidt,  Chem. 
Soc.  Proc  1893,  35). 

Piperasdne  readily  absorbs  carbon  dioxide, 
forming  the  compound  CgHj^NjO,  fRc-dalskv, 
J.  pr.  Chem.  1890,  [ii.l  53,  19).  Pii^emzme  is  a 
strong  base  forniing  cry.ntalUne  salts  with  icidN  of 
the  type  C4H,oN„  2.\  (Herz.  r.  1897, 30,  1584). 
Its  aqueous  solution  is  precipitated  by  mercuric 
chloride.  Ne.ssler's  solution,  copper  siUphate, 
picric  acid,  potassium  bismuth  iodide,  and  by 
gold  and  platuxto  chlorides.  It  alao  oombinee 
witli  hisinuth  chloride  (Vanino  and  TTartl. 
Arch.  Pharm.  244,  216).  In  ite  ohemioal  and 
physical  propeiiiea  it  is  very  similar  to  spennine 
with  whicli  it  Wis  ;if  OIK-  time  thought  to  be 
identical.  Piperazine  is  readily  oxidised  by 
potassium  pemnanganate  in  the  cold  ;  it  is  nan* 
poisonous  and  has  no  er\u«tir  nt  tion,  and  owing 
to  the  ease  with  which  it  funiiH  a  rca<lily  soluble 
urate,  it  is  employed  in  gout  and  similar  mani- 
festations of  uric  acid  tUathesis  (Riesentbnl. 
Virchow's  Archiv.  137,  51  ;  «er.  1891,  24.  t!  : 
1897,  30,  1584).  It  is  d^o  used  for  the  re!i<  f  r.f 
irritation  of  tlie  bladder  due  to  exoees  of  urio 
add  in  the  urine.  I^perazine  can  he  identified 
in  urine  by  its  cliaraeteriFtic  b-timn  yellow 
picrate  (liieiacuthal,  Chem.  Zootr.  1893,  ii.  024) 
or  by  adding  a  elifht  exoess  of  caustic  soda, 
heating  the  solutinn.  rnnlinp.  and  fllterinp. 
The  filtrate  is  aeichhed  with  hydr.^eluoric  acid 
and  potassium  bismuth  iodide  is  added  when  a 
briek  red  precipitate  consisting  of  characteristic 
mieroseopie  cry.^tals  separates. 

piperazine  is  best  preserved  in  a  solution  of 
20  parts  alcohol  and  80  parts  water.  IJkc 
piporidine,  pii)crazine  reacts  with  isatin,  forming 
Muo  additive  0Oin]>ounds  (T/ebeiumnn  and 
Kraus,  Ber.  1907,  40,  2492).  It  also  forms 
additive  oomponnds  with  quinbh  and  phenols 
(Stevirnoii.  r.ull.  ?oe.  ehlin.  1910.  fir.]  7,  922) 
and  with  aitlchydes,  carbon  disulphide  and 
earbonyl  chloride'  (Here,  I.e.). 

Piperazine  combines  with  diiodo-.  or  Hi- 
broino-pentane  when  they  are  heated  together 
ou  the  \v:it<T-bath  formmg  diethylene  difdper- 
idyl  h  dl  1,    T'.i  nin.  Rer.  1907.  40.  2935). 

n-Dibromopiperaiine  is  obfaine<l  by  the 
aotion  of  hy|X)hromous  .e  i  1  on  piperazine  and 
treating  the  product  with  dilute  slksJi  or 
pi{H>razinc.   It  forms  yellow,  transparent  abort 
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prLsniii  which,  without  melting,  aro  darigcrtpiislv 
exploitive  at  TB^-SO^.  it  readily  oombines  witK 
two  moleoQlei  of  h  \  pobromouB  aoid  to  form  a  ' 

comparatively  stabii-  a(i<litiv(<  cjinpouTid  which 
explodes  at  72''  without  molting  ((Jbattaway 
and  Lewis,  Cbom.  Soc  Trans.  1905,  961). 
Periodidfs  have  been  obtained  by  Linaiiz*  J. 
.Pharrn.  C  iuui.  11)00,  |vi.|  30,  241.  ' 

«-2  :  .'i  Dlmettiyl  plperazine,  m.p.  Il8°-lli)°, 
b.p.  102",  i.s  fi  rmed  by  the  re<luction  of  2 :  r»  di- 
methyl pyruzane  or  of  lactimide  with  budiuin 
and  alcohol  (Hayer,  Zeitach.  physioL  Chem. 

347) ;  or  it  is  isolated  from  commercial  amyl 
alcohol  by  treating  it  with  sodium  (Bamljcrgcr 
and  Einhoru,  Bet.  1S97,  30,  220).  It  is  alkiilitw. 
readily  soluble  in  water  and  in  alcohol,  and  i 
■ohHinoa  at  ordinaiy  temperature.  The  0- 
oompoond  haa  m.p.  114*'-!  15°.  b.p.  162^ 

tt'Dlmethylpipenzine  tartrate  or  Lyeetol, 
C,H,4N,'C4H,0,.  m.p.  260*,  is  a  wWte  orystal- 
lirip  powder  having  an  ncid  reaction.  It  it: 
readily  Holnble  in  water,  is  ioss  hygroscopic  than 
piperazine,  and  its  solution  is  more  ftftue  than  I 
tli'it  of  the  latter.  It  aluo  has  a  more  agceeaUe  | 
Ukbtu  tlian  piperazinc  itself. 

Piperazlne  benzoate,  glistening  plates,  sub-  { 
liming  at  120",  and  the  laUeylate,  tine  white 
needles  subliming  at  160",  are  formed  by  mixing 
alcoholic  nolutions  uf  the  base  and  acid.  The 
former  is  alic^diae  and  the  latter  neutral  to 
hellanthin  bat  both  are  acid  to  phenolpbthaleln 
(Astruo,  BulL  S<.c.  chim.  lfH>fi,  [iii.]  a.*).  1611). 
They  can  also  be  formed  by  fn^in^  the  tuo 
substances  together  and  ri-<  i  s -t  dli  -ing  from 
tho  above  Holvent  (Eng.  Pat.  2.V.K>r) ;  J.  Soc. 
Chem.  Ind.  1M>7,  933  ;  Pharni.  /<  if,.  43,  319). 

'J'he  tartarate  and  citrate  (Kng.  Pat.  26078; 
J.  Soc.  Chem.  Ind.  1898.  08)  which  are  non- 
hygHMCopic  and  may  l»e  <lrie«l  at  n  high  tem- 
perature, and  also  the  quinate  (Kng.  Pat.  1 1420  ; 
J.  Soc.  Chem.  Ind.  1890,  ^)  are  produced 
sinularly.  Piperasine  also  forme  aoid  salta 
with  u.\alic,  tartaric'  and  citric  ac  ids  wliich  yii  ld 
useful  neutral  double  salts  uith  lithium  (Kng. 
Pat.  18WI ;  J.  Soo.  Chem.  Ind.  1890,  758). 

Piperazlne  mercuric  citrate  is  formed  by 

mixing  t<)gftiier  pijK-razme  and  nicn  iiric  citrate 
in  absolute  alcohol.  It  ciystalliscs  in  white 
necxilcs  sintering  at  110°,  m.p.  137",  and  forms 
a  strongly  alkaline  solution  in  water. 

Plpwaxfne  mercuric  acetate  is  formed  Rimi 
larly,  b  fairly  soluble  in  water,  darkens  at  188" 
and  has  m.p.  198*. 

Hoth  these  ealts,  as*  rIbo  the  corresponding 
miercunc-«u/pAate-cyan>de  (m.p.  144*'-146'')  -ben- 
sMfe  (m.p.  107*-106*y  -toKeyMe  and  mWe  and 
also  the  correspdnding  diethylpiptrzaxne  mermrir 
nitraU  (m.p.  14b='-151°), -*u/DAa<«  (m.p.  124"- 
IS5*),  eyamtit  (m.p.  159°-16(r),  -Mccinatt  (m.p. 
108'-110°)  and  -salicfilnte  (m.p.  12S''-130*) 
have  antiseptic  properties  and  do  not  eoagulat* 
albaroen.  Tliey  can  also  be  preparc<l  by 
treating  the  merciirio  salt  with  the  carbonate  of 
the  organic  h^-  (D.  R.  P.  125095,  1902). 

P^jterazine  theophylline  is  formed  by  com- 
bining molecular  proportions  of  its  components 
or  their  salts.  It  has  an  alkaline  reaction,  is 
spaririglv  holuble  in  alcohol  but  readilv  so  in 
water  (i>.  K.  PP.  214376,  217620,  224981  ;  J. 
800.  Chem.  Ind.  1910,  1184). 

Ptpmilne  dnchonate  or  sidonal. 


m.p.  IGS^'-ni",  is  a  colourless  crystalline  powder 
having  an  aeid  ta.ste  and  reaction  and  is  readily 
soluble  in  water  (Pharm.  Zest.  45,  182). 

a-Piperazine  anthraquinoilt»  formed  by  the 
action  of  mtroanthra<£uinoae  (m  the  base, 
soparatea  from  methyl  aloohol  in  orango'red 
crystals  (D.  R.  PP.  130777,  130778,  P.»03). 

Nitrosopiperazlne  C'4H«N.(^jO),  formed  by 
adding  sodium  nitrite  to  a  soiotionof  fuperaaine 
hydrucfilfiridc  and  warming  the  mixture  ;  it 
crystaliiiiCH  from  water  in  yellowish  lubttous 
plates,  m.p.  158**,  and  givi.s  the  LiebennBon 
reaction  with  phenol  and  sulphuric  acid. 

DIphenyl  piperazlne,  m.p.  103-5**,  is  formed 
by  the  action  of  ethylene  bromide  on  aniline, 
sufficient  dry  sodium  carbonate  or  acetate  beiiu 
added  to  fix  the  hydrogen  bromide  prodnoeo. 
It  combines  with  a  number  of  diazo  and  dinzo- 
sulnhonie  compounds  yielding  vellow-rcd  and 
violet  dvee  for  cotton,  wool,  wad  rilk  (Biseholl, 
Per.  1S89,  22,  1777). 

Piperazinc  forms  phosphates  and  arsenates 
of  tlie  typo  0«HMN|,HgPO«,HaO ; 

0«U„N^.PO« 

(Astruc  and  Bronta,  Bull.  Soc.  chim.  1908,  ^v.) 
3,  903),  and  also  glyccro-  phosphatea  (AstettC» 

Compt.  rend.  1905,  140,  727). 

A  largo  number  of  other  piperazlne  deriva- 
tives Ixjive  been  prepared  (l^adenburg.  Her.  1891, 
24,  2400  ;  BischofT  and  Nahtvogel.  ibvL  1889, 
22,  1783,  1792  ;  l'.i^.■holT  und  Trapeson/.jauz, 
ibid.  1892,  25,  2940  ;  W  olfi,  ibtd.  1893,  20,  721 ; 
Herz,  I.e.  ;  istoehr,  J.  pr.  Chem.  [ii.]  47,  439 ; 
ibid.  48,  191  ;  Cazoncu vc  and  Moreau,  Compt. 
rend.  1897,  125,  1182;  tbid.  1898,  126,  1802; 
Rljn,  Chem.  Zentr.  1898,  i.  380 ;  Knorr.  Per. 
1904,  37,  3507  ;  ibid.  1905,  38,  3130;  ihid. 
1900,  39,  1420;  Astruc,  Bull.  Soc.  chim.  JU05, 
[in.]  33,  839  ;  Bor^che  and  T1t(*ingh,  Per.  1907, 
10,  .'■jOOS  ;  \'an  Dorp,  Hec.  trav.  chim.  1909,  28» 
18 ;  Frunclumont,  tbid.  19iU,  j^ii.]  14,  296). 

PIpemillM  are  the  deriTativea  of  the  ring 


( -C 

oc 


^N.  They  aie  formed  by  the  methods 


gi\cn  abuvo  and  al.su  by  the  reduction  of  the 
corresponding  pyrazineh  with  sodium  and  alco- 
hol. They  form  htrong  colourless  bases,  some 
liquid  and  *unic  crystalline  ;  they  fume  slightly 
in  air  and  readily  absorb  carbon  dioxide.  The 

.  piperazhies  form*^  hydrates  which  are  readily 
soluble  in  alcohol  or  chloroform  Unit  sparingly 
soluble  in  water.  The  poly-substituted  pyrarine.s 
always  give  2  isomeric  piperoziues  on  reduction. 
The  lower  pipcraiincs  have  higher  boiling' 
point.s  tlmn  tli*-  (  «  rrt -ponding  pyrazincs  wbiLst 
for   the    higher    compounds  this    relation  is 

!  reversed  (Stdhr,  J.  pr.  Chem.,  1897,  [ii.]  65, 

'  49). 

PIPEPIC  ACID  r.  lUsiN.s. 

PIPERIDIN    r  lllSl.S.v. 

PIPERIDINE  V.  r.oNK  OIL. 

PIPERIDINE  GUIACOLATE  r.  Hoks  oil. 

PIFBRIMB  V.  Rksiks  ;  also  Vegstu-alka* 

LUIDS. 

PIPERONAL  {Hfliotrnptnr)  methvlene-proto- 

catcchnic  aldch\d<-.  (  1 1  ,< ),  :  (  J I  r"  (  IK »,  WOH 
iirst  obtuineii  by  i'itlig  and  .Mn  Ik  (Annalcn. 
1809,  152.  35)  by  the  oxitlntion  of  piperinie  acid. 

,uid  i'-  .  i.iisti)  ntii.n  ua-;  i->t  a  I-II.-Ia  1 1  liy  Fittiu' 
and  UeUiijcu  {ibid.  1871,  159,  158).    It  in  ciow 


PIPEBONAL. 


conneoted  vith  VArious  natural  products  in- 
cluding pipfrine,  safrol  and  wosjifrol,  from  all 
of  wluch  it  may  Ixi  oi)taiaed  un  oxidation. 
Piperonal  iteolf  occurs  only  to  a  limitcil  extent 
in  niiture,  bciti::  generally  found  in  conjunction 
»itU  vumUm  and  other  alkyi-oxyuldchydos  • 
it  is  found  in  small  quantities  in  spiraea  oil  am! 
also  in  certain  vanilla  fruits  such  as  tile  vanillon 
or  pompona  (Ciiller,  Chemist  and  Druggist, 
1907,  65,  13).  It  luis  not  l>c(  n  luuvnl  whether 
the  oiuumoteriatic  smeli  oi  tliQ  Uom  era  of  the 
httUbtrope  variety,  from  wliieh  the  commeroial 
name  is  derived,  is  actti  illy  due  to  this  coni- 
pound.  riiHjrouai,  although  not  used  in  the 
preparation  of  scents  and  esnenccs,  is  enudoyied 
considerably  for  tho  piirpf>"'e  'if  «"»fip  peifuniery 
and  is  now  prepared  in  large  quaiitilie*',  cspeoiidly 
hy  Schinimel  and  Co.,  by  the  oxidation  of  i>o- 
aafrol  (Behcht  von  Sohimmel  &  Co.,  April, 


CH.< 


0- 
0— > 


-OH :  CH-CM, 


CHO 


Otto  and  Verloy  hivc  prnposed  to  obtain 
uipetoual  by  the  action  ol  o/onc  on  safrol  or 
^Mlrol  (D.  B.  V.  07620). 

Properties  ani  reactions.-  W  Kite  cryt^tals, 
m.p.  37''.  Up.  -M'i  ,  very  siigiitly  soluble  in 
water,  casilv  so  in  nsost  organic  solveutn.  W  ith 
dilute  hydrochloric  acid,  protocatcciiuio  aide- 
hyde  is  formed  and  carbon  is  said  to  lie  liberated. 
According  to  Schut  (Chera.  Zeutr.  1010,  i. 
1820),  the  reaction  is  much,  more  oompUcAtedj 
with  phosphorus  pcntacWoride  there  is  formed 
piperoniU  chlorulc  CCl  ,0,  :  (',H .,  CIIO  ;  with; 
suipliur  oliloride  the  reaction  proceeds  nv»re 
smoothly;  with  water  this  compound  yk-Ui-. 
quantitatively  protocatcchitio  aldehyde,  »i»  that 
this  is  a  satiafactorv  method  of  preparation 
from  piperonsl  (Sd^mol  ft  Co.,  D.  R.  P. 
1(35727)  ;  with  sodium  amalgam  there  is  fornicd 
pil>eiunyl  alcohol  aad  two  isomeric  hydro- 
pipcrotns;  aniline  oondensos  to  form  piperonal 
anilido ;  ammotiium  siilpliidc  forms  dithio- 
piperonal ;  acid  sodium  suJi)hite  forms  an  addi- 
tion compound,  as  also  does  trinitrobenzene. 
By  condensation  with  a>bromopropiomc  ester,  i 
piperonal  may  be  converted  into  an  acid  which  ' 
Lses  carbon  dinxido,  forming  iMsafrol  (Wallaoh,  j 
Annaleu,  W^l,  357,  72).  _ 

PISAlfGOERYUC  ACID  C»H4,C00H,  m.p.  i 

71*,  is  ' M  Ji  -I  f-i.ni  Pisang  wax,  ' 

PISANG  WAX  t.  W  AXKS.  ' 

PISOLITE  V.  AuAi.  'M  i  i;.  ' 

PISTACHIA  LENTISCUS  i'.  SuMAcn. 

PITCH.    Various  substances   met   with  in 
the  organic  kingdom  when  sul)miti«-d  to  (l(  ■ 
slruetivo  distillation  yield,  in  addition  to  Huid 
products,  a  residuum  that  on  cooltnuf  assumi's 
a  more  or  less  viscous  or  solid  ch  u.K  w  r:  an<l, 
furthermore,  at  various  places  on  the  earth  «i 
surface  extensive  deposits  are  fonnd  consisting  , 
of  black,  ri-iii(.u^  Mihstuuees  nf  himilnr  np|>''nr- 
anoe  and  piu(xrlK.-.    To  tln-sc  prudui  ts  have  ^ 
been  assigned  the  terms  of  '  pitch.'  *  bitumen,* 
and  'asphaltum.'    Each  of  tluM-  substances  | 
po«kie*»es  distinctive  fi-atun-s,  an<l  each  in  its  ' 
place  fulfils  im]>ortani  i<  <|uir  t    II,  the  arts.  I 

^nniMii  Mi^baltum,  mineral  pitch.  These  . 


I  compounds  consist  of  compli^  x  mixtures  of 
hydrocarbons,  and  are  found  iu  many  iocaiitjes 
and  under  the  most  varied  conditions.  Ptobabl)* 

thi  ri  I,  brated  Pitch  I'llc  ,  ^itu^l(l  lI  in  tin  island  of 
Trinidad,  and  said  to  be  upwards  ot  lliree  miles 
in  cireumfbreDoe,  represents  one  of  the  most 
itiijxjftant  deposits  of  natural  bitumen  laiown, 
although  within  the  i>a<jt  forty  years  many 
additional  sdurocs  have  been  found  in  Cuba, 
Ckintnd  aiul  Suuih  America,  California,  Arican- 
stts.  Xiiaiaguu,  and  Peru,  in  India,  Palestine. 
E^ivpt.  Turkey,  Italy,  France,  (iermany, 
.Sw  itzerland,  Uo^Tsing,  j^vince  of  Szu-Teliaan, 
Lhina,  and  Asiatic  Russia. 

The  origin  of  these  deposits  is  involved  in 
considerable  obscurity;  they  appear  to  liave 
been  formed  by  the  oidffotion  of  the  unsaturated 
hydrocarbons  in  petroleum.  Bitumen  h!i«i  l>een 
regarded  either  as  a  product  of  chemical  act  ion 
or  as  a  distilkte  pnxluoed  by  natural  i  h 
from  animal  and  vr^retable  remain.^-,  ll  has 
been  argued  that  if  tUi:  bjtumt  u  weix-  the  re&uJt 
of  a  purely  chemical  procesi<,  we  should  expect 
to  tind  a  generic  uniformi^  in  the  character  of 
the  substance  wherever  found  on  the  earth. 
On  the  other  hand,  if  ix-troleum  is  the  result  of 
metamorpiusm,  its  generation  is  oo-existeut 
only  with  that  of  metaraorphic  aotions.  If  we 
a<'((  j)t  this  h\ ]•■  tthf-si;--.  tlu-  generation  of  petro- 
leum must  l)e  consuiered  a.s  practically  ended. 

In  studying  the  asphalt  of  Betitheim, 
Patrono.  (Ja'stro,  f  'nlla  San  Magna,  and  other 
places,  the  toiicluaiuns  arrived  at  have  con- 
firmetl  the  views  of  Mendelceff  to  the  effect  that 
their  formation  has  beeii  brought  about  by 
inorganic  means.  Bitumen  i.n  frequently  met 
with  in  places  where,  fr>im  a  ^m  . .logical  |xjint  of 
view,  its  occurrence  can  bo  explained  only  by 
assuming  that  it  has  accumulated  within  the 
ti--^iires  in  the  same  manner  as  that  oontaine<l 
iu  la  vatic  geodes,  and  separated  from  pre- 
historioal  tufaoeous  deposits  by  inorganic 
means.  Engler,  who  has  given  some  con- 
sidfTal>le  studv  to  the  Bcntheim  asphalt, 
furnishes  the  following  particulars  respecting 
it.  It  is  insoluble  in  alcohol,  ether,  carbon 
disulphidc.  oil  of  turpeutuic,  and  similar  sol« 
\-ents.  but  melts  when  Strongly  heated:  •p.gr. 
1  092.   It  contains : 

I.  II. 
(•Tr»x'!i     .        .        .    89-40  89-83 
Il3cln>gen        .        •     9-55  9-88 
Ash        ,       .       .     109  114 
Distillation  yielded  the  following  protlucts : — 

I.  II. 

Tar      ....     30-8  38 
Colie    ,       .       .       .    489  48 
Gas  and  water      .       .14*3  14 
'Ihe  tar  obtained  by  the  distillation  of  the 
asphalt  on  a  largo  scale  was  free  from  phcrol 
and  creosotio  compounds,  and  the  products  of 
its  distillation  were  as  follows :  p,c. 

Buriunr  "ils  ....  12-72 

<ias  and  lubricatnig  oils  .        .  9-78 

Purallin        ....  I'HO 

.  Paraflin  grease       .        .        .  O-tlS 

t^>ke  from  retorts  .        .        .  4609 

Coke  from  tar       .       .       .  0*86 

Pitch   1'68 

liOBs.  gas  and  water      .       •  26*88 

lOU-00 
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l^plttii  aiqiliaH  tonlaina : 

Orliou 

llydrogcn     .       .  . 
Nitrogen 


p.c. 

8-24 
tf-22 
0'2R 


Trinidftd  pitoh  yiekb,  when  heated — 

PbC. 

Vulatile  orgaiiio  matter  *  *  76*75 
Noii«Toi»tile  oi;puuo  nmtter  .  17-77 
Attb  6*46 


The  biiumea  of  Judca,  found  floating  on 
the  Dmd  Sm,  ooiit«iiift : 

p.c. 

Carbon  ....  77-84 
HydzoKBn  •  •  .  •  8*93 
Oxygen  ....  11*04 
Nitrogen       ....  1*70 

Sulphur  is  invarialfly  prcNcnt  in  natural 
bitumens,  Viiryiug  in  (luantity  froiu  3  to  4-2  p.c. 
and  even  10  p.c.  ;  from  such  samples,  hydrogen 
ni^pkide  is  aiwmyi  given  oft  on  he«ting.  ABp£al- 
ttiint  and  biivmeofl  vary  oonridenbly  in  oMrao- 
\>T.  Generally,  their  appearan<'e  'a^  that  of 
smooth,  hard,  brittle,  black,  or  hrovtiuah-blacic 
itmOf  bnaldng  with  a  dntinet  eonohoidal 
fracture  :  the  sp.pT-  varies  from  1  to  1-7 ;  when 
ire©  from  mineral  matter  they  may  be  even 
lighter  than  crater.  When  distilled  with  water, 
itiphaltum  yields  a  volatile  oil  called  by  Boussin- 
gaoit  *  petrolene,'  probably  consisting  of  n 
mixture  of  parafiins.  '1 1*  ii  t-idueof  'asphaltine,' 
which  teflnaina  when  tke  uctrolene  is  oompletely 
driven  off.  in  a  solid  buek  snbetanoe 
bUTiL;  till  cir'iiiriiil  .substance  prior  to  distilla- 
ticm,  but  which  does  not  soften  below  under 
about  900*,  and  decomposes  below  its  fnsing 
{nint. 


100-00 

Natural  bitumen  is  only  partiaUy  aolubk  in 
aloohol,  bat  more  oompletely-  so  in  earbon  di« 

sulphide,  carUm  tetiaehiori'le,  jK'troN  iiin  .-pirit. 
chloroform,  oU  of  turpentine,  coal-tar,  U-nmie 
and  naphthas ;  the  pyridine  bases,  also  derived 
from  coal-tnr.  scarcely  net  upon  it.  TIh- 
portion,  however,  that  pa^uHca  uiU>  solution 
communicates  a  .''trong  greenish  fluorescence  to 
the  liquid,  an«I  ulu  n  examined  sjK-ctroscopically, 
in  the  maun«;r  tie&criLcU  for  examining  crude 
anthracenes  for  certain  impurities  (Chem.  News, 
26,  199  :  31,  35,  45),  two  distinct  absorption 
bands  are  visible  ntKP  the  D  line  of  the  speotnim. 
from  ycllou'  to  L;re*ti,  Mhicli  (listingu>fche>  il 
from  all  other  uitchea,  coal-tar  excepted,  which 
ooeasionally  snows  bands,  bat  invariably 
.situated  in  the  hluo  porfeion  of  the  speetTum 
near  the  ¥  and  G  imcrt. 

In  petroleum  spirit,  74 -23  p.c.  of  its  oiganio 
matter  is  soluble  and  2(.>-2f  ]».c.  insoluble. 

At  a  temperature  vur>iii;i  from  fiS"  to  00° 
bitumen  softens,  and  it  melts  at  about  100**. 
although  varieties  ai«i  met  with  that  melt  only 
at  a  much  higher  ti-mperature. 

The  follouin^'  tiible  of  results  obtained  by 
A.  K  Jordan  and  ^iven  in  Allen's  Organic 
Analyses  shows  the  £lforenoe  between  natural 
asphalts  and  artiOcial  produots. 


OiganJc  matter. 


Action  of  peMcpleum  apfrlt. 


Halerial. 

A»h. 

1  Volatile. 

■■  

Non- 
volatile. 

SoluUe, 

.  1 
ntMrittUe. 

Porcentage  of 
urgunie  matter 

Asphalt  {origin  unknown) 
Trinidad  pitch 

.  0-60 
;  5*48 

;  80-79 
76-75 

18-61 
17-77 

47-6.3 
74-23 

51  -77 
20-29 

47-?M 
7S-53 

Petrt)leum  pitch  . 
Shale  oil  pitch 
Coal-tar  pitch 
Bona  pitch  (inierinr) 

none 
.  ;  0-25 
.  016 
.  1  O'SS 

.'iO-43 
,  6640 
40.83 
M-15 

40-67 

33-35  , 
50.52  > 
43*62  1 

Hii-lO 
63-62 
18.66 
29-06 

03-84 
36*13 
81.20 
60-71 

30-10  ' 
66-77 
18*68 
30<O5 

Boussingault  s  methods  are  not  now  used 
and  the  terms  pctrolone  ami  a.sphulteiio  used  by 
him  have  reoeived  another  aigniticancc,  that 
portion  soluble  in  petroleum  spirit,  ether,  or 
ac'ioiif  heiii^i  known  a.s  petrolene  anrl  the 
portion  insoluble  in  any  of  these  liquids  but 
dteolved  by  boiling  turpentine  or  oold  chloro- 
form beinL'  kiio\\Ti  as  n.^phalteno. 

ApplicaiioM  of  (utphallum,  —  The  purer 
aaphaitnna  are  employed  almost  exclusively 
for  th*-*  mnnnfacture  of  black  varnishes  and 
japans,  lor  which  purpose  they  are  eminently 
^iii'ijited,  yielding  surfaces  an<l  coatings  of  great 
bnllianoy  and  not  prone  to  '  Iweafc  up  '  or  dis 
integrate.  Anphaltum  seileoted  for  the  purpo.«<; 
of  the  varni.-h  maker  .should  be  practically  free 
trom  mineral  matter  or  within  a  limit  of  5  p.c, 
it  should  be  4Kimplct«ly  soluble  in  carbon  di- 


sulphide,  chloroform,  hij.h  builing  coal-tar 
naphtha,  and  oil  of  turpentine  (mineral  niatt(  r 
excepted).  It  should  break  with  a  conchoidal 
fracture  and  brilliant  lustre.  It  should  not 
How  or  lo»<  sli  ipi  .  Mood  tar  and  many  of 
the  fatty  pit<;lie8.  when  left  on  a  plane  surface, 
and  an  angular  fragment  should  retain  its  pbape 
and  the  sharpnetts  of  its  angles  In  boiling 
water. 

Asphalt  rock.   A>]>hnltunt  i.<  ottcii  met 

atiMK-iated  with  sand  or  limistmie  or  llie  two 
variously  admixed  :  in  this  eofxlit  ion  t  he  mineral 
is  knowji  ua  'aj-phalt  rt>ck.'  artd  oe<.nts  m  tlie 
upjKT  Jurassic  formation  intcr>tratilii-<i  with 
onlinary  limestone. 

Till    f(i!l<t\\  ii      fii_^ureN    by   Durant    (  lave, 

1  show  the  proximate  coni}H>.-4ition  ol  i^ouie  rock 

"  asphalts  employed  for  paving: — 
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Valtto 
Tcavm 
SwltMrluid. 

Lobsauu 

A.  I*  AAA 



▲Id 
Ttasoo 

Mawtu 
opaiD 

Bj«asa 

»     ^         I       —A.!   _  3 

VVauT  aiui  otner  aMnm  volatiuMa 



0*35 

3 '40 

0-40 

0-40 

0-80 

Bitaminons  matter        .      .  • 

8*70 

ll*90 

u-jo 

8 -SO 

8-85 

Sulphur  in  ofgMiio  oombiiifttion  or 

A 

free  state  .  .  . 

traoa 

Iron  pyrites  «       «       .       .  . 

MAM 

4  "414 

~~ 

Alumina  and  ozido  of  iron  > 

0-30 

I  -25 

0-05 

4-36 

0-90 

Magnesia  

0-10 

0-15 

0-06 

3-85 

0-45 

49-60 

38 -fX) 

50-60 

6-70 

49-00 

Carbon  dioxide  .... 

40-16 

31*92 

39-80 

8-15 

S9-40 

vOiDuiiicu  aiitca  .... 

1 

1  1  OR 

11 -So 

Sand  

0*60 

S<»5 

040 

l»7'40 

04)6 

lOO-OO 

1004)0 

100410 

100-00 

1004IO 

Native  oaloareous  asphalt  ezhibit.-s  ii  hnnvn 
or  nearly  black  colour  and  breaks  \\ithout 
cridcnce  of  cleavage.  Tho  fracture  is  earthy 
ttnd  gMonlar.  not.  utihkc  chocolate,  both  in 
appearance  aud  colour.  When  lung  exposed 
to  the  air  it  loses  this  character  and  then  re- 
Bcmblcs  ordinary  Imiestono :  this  ehaage, 
however,  only  cxUouLs  to  the  earfaoe. 

The  epeoific  graTity  of  rock  asphalt  is  about 
2-2r?.  It  i.H  hard  antl  may  be  broken  with  a 
hammer,  but  \vh<-ii  warmed  it  may  bo  softened 
to  a  kind  of  (>asteand  at  about  60*  falls  to  powder. 

Good  rock  asplialt  is  homogeneous  in  struc- 
ture aud  shows  no  indication  of  contuiuetl  iiuit- 
stone.  It  is  frequently  veined,  and  contains 
large  oiTatalB  of  oaleite  impregnated  with 
bitumen;  this  feature  is  considered  an  im- 
portant indication,  l)ad  .sjKcinui.^  or  low 
qualities  showing  an  abtience  of  such  impregna- 
tion, which  rwiders  them  difficult  to  manipumte. 
Val  de  Travers,  Seyssrl.  and  othrr  asphalt 
rocks,  when  employed  for  pavjng,  are  melted 
with  definite  proportions  of  pood  native  material, 
such  as  Trinidad  pitch.  The  product  of  this 
mixture  is  technically  knowit  as  '  mastic/  and 
in  using  it  furtiicr  addituuiB  of  bitumen,  shsle 
oil,  and  grit  are  frequently  made. 

The  foUowina  snalysis  by  Durant  GIsye  will 
Qonvey  *  genefsl  idea  of  these  compositions : 


MoL-ture 

Bituminous  matters  soluble  iu 

carbon  disalphide 
Orpanic    matter  insoluble 

carbon  disulphidc 
Alumina  and  oxide  of  iron 
Magnesium  and  calcium  carbon 


ReOaed  Imitation 
bitumen  aiplialt 
from  made  from 
Bostemies  coal-tar 
0-30  0-60 

20-65 


in 


Silica 


09-36 

4-40 
8*85 

2-65 
20-36 


18-45 
2-66 

3U-tiO 
18-05 


100-00  1004)0 


For  determining  the  artual  bituminous 
matter  in  asphaltic  rocks,  natural  and  other- 
wibe,  the  air-dried  sample  in  exhausted  with 
suitable  solvents,  which  may  consist  of  carbon 

-diMulphide,  Ru.s.siun  oil  of  tiirjM nt im  nr  .  M.il  tar 
-benzAjue.    The  operation  may  be  conducted  iu 


a  Soxhlet's  tube,  and  if  a  correction  be  made  for 
the  moisture  expelled  nt  10C»°  the  loss  of  weight 
iurnishca  the  quantity  of  bitumen  removed. 
The  determination  may  be  further  checked  by 
distilling  off  the  solvent  and  weighing  the 
residue,  obfserving  the  usual  precaution  of 
j  dryiii;z  at  1W°  until  constant.  Tiie  bitumen 
thus  obtained  should  bo  heated  further  to  220*> 
when,  if  the  sample  is  good,  there  will  be  Ittlle 
or  nn  further  loss  of  weight  ;  if.  however, 
volatile  oils  or  petroleum  bo  prebcnt,  the  loss 
may  bo  considerable. 

The  volatile  oil  is  host  determined  by  re- 
peatedly dicesting  the  powdered  sample  with 
cold  alcohol  and  weighing  tho  residue ;  the 
exhaustion  may  be  constdeted  as  complete 
when  a  portion  of  the  alooholie  'vmshing  shows 
no  turbidity  on  dilution  with  water. 

If  tho  residue  left  after  exhauatioa  exhilnts 
a  dark  oolouT,  Other  Ofganio  constituents  of 
valueless  nature  nrc  present.  Their  proportion 
may  bo  ascertained  by  igniting  the  weighed 
residue  left  after  the  removal  of  the  bitumen, 
re-carbonating  it  with  nmroonium  carbonnte. 
again  gently  igniting  it  and  re-weighing.  The 
loss  of  weight  n-prcsents  the  quantity  of  noD> 
bituminous  matter  present. 

Val  de  TrnvOTB  asphalt  gives  up  the  whole 
of  its  ori:;anic  matter  t(^  iH'troIeum  spirit,  im- 
part ing  a  deep  brown  colour  to  the  fluid,  per- 
fectly free  from  fluorescence,  whenoas  the 
soluble  portion  of  coal-tar  pitch  does  not  rxcccd 
20  or  26  p.c,  yielding  a  solution  esliibitinp  a 
deep  greenish  fluorescence,  a  characterietie  of 
this  pitch  in  any  of  its  solvents  and  which 
rendws  its  deteetion  alone  or  in  admixture  a 
matter  of  no  great  diffieolty  («^  infra). 

Pitches  derived  from  technical  processes. 

Artificial  pitches.  Gbal-tar  pitch  may  be 
bioked  u|ion  as  occupying  the  most  prominent 
position  in  the  series.  Doth  aa  regards  the 
magnitude  of  its  production  and  its  oorre* 
sjxjndinp  consumption  for  the  purposes  of 
artiticittl  fuel,  aMphalts  ami  varnu-bo.'?. 

Some  idea  of  the  extent  to  which  this  residue 
is  produced  in  the  United  Kingdom,  together 
witn  the  industry  tipringhig  out  of  it,  may  be 
gathere<l  from  tlic  sUitoment  that  aoeordinp  to 
the  last  census  of  production  the  total  output  of 
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tar  for  the  United  Kingdom  was  840,000  tons, 
n-prt':«enting  according  to  the  esrae  Mithority 
617,000  tons  of  pitch,  by  fnr  the  larger  nopor* 
Uon  of  which  is  oonsunicil  in  the  manuiacttiTe  ' 
III  patent  fuel. 

Coal-tar  pitch  is  the  residue  remaiuiag  in  . 
Um  ttilli  after  separation  of  the  Tarioiu  fnatMns  \ 
known  as  naphthas,  light  oils,  carbolic,  creosote 
and  anthracene  oils,  and  amounts  to  about  two- 1 
thiidi  of  the  weigfal»  of  the  tar  oixjrated  upon. 
Ita  phj^iral  -haracter  is  mainh'  dt-pcndent 
upon  the  temperature  empluyed  in  dititillation ; 
bot  ite  fflltjit^H  cdiemioaf  ct)mpot<ition  is  more 
or  less  gOTcmed  by  the  quality  and  composition 
of  the  coal  distilled.  It  may  be  cither  'soft* 
or  'hard'  or  'medium';  iL  may  be  tither 
*  normal,'  as  a  product  resulting  from  the  simple 
dittOlation  of  tar,  or  it  m*y  oe  ollierwise.  as 
^yhf•^n  rsVircd  v.ith  ^reen  or  other  tar  oils  before 
ruimijig  from  the  stills.  Tlie  selection  of  tar 
dirtillatea  to  be  used  in  thus  thinning  down  a 
pitch  rnrried  to  a  full  limit  of  distillation  is 
importHiit.  m  it  has  been  found  that  when 
creosote  or  naphthalene  is  employed,  a  pitch 
it  obtAined  koking  in  bandibg  or  oemeotin^ 
power,  end  Uodn  or  briquettae  nwdo  froni  it 
are  liable  to  crumM'  This  defect  is  only 
obviated  by  the  use  of  the  heavier  distillates, 
wuA  as  green  oUa  -vliioh  tie  of  *  mote  Tisoid 
and  adhesive  character. 

When  pitch  is  passed  through  a  red-hot  tube 
it  yields  about  SBO  times  its  bulk  of  gases, 
diiefiy  hydrogen. 

I'jtch  may  be  utilised  by  bnminp  it  into 
lamp-black,  and,  according   to  Thenius.  500 
kilos,  of  piioh  yield  200  kilos,  of  varying  de-  j 
teriptiotts  of  Ismpbladc  and  SOO  kilos,  of  eoked  I 
lesiuue. 

iieferring  more  generally  to  the  several  ^ 
resulta  that  may  be  obtained  by  vary  ing  the  j 
fractions  during  the  distillation  of  coal-tar,  it 
may  be  stat^^d  that  if  the  operation  be  termi-  i 
nated  at  the  point  at  which  the  light  oils  only 
are  driven  on,  the  residue  in  the  stilt,  repre-  , 
wnting  about  80  p.c.  of  the  eharge,  may  be  used  t 
for  the   preparai  i.      of  asphalts,  imder  the 
name  of  '  refined  '  or  '  prepued '  tar,  although  < 
it  is  rwtf  dovbtfal  wbetner  material  of  tfiuw  | 
character  is  to  l)e  met  with  in  the  ])rcsent  day. 
If  about  10  puflL  more  is  run  off,  the  residue  is 
•oft  pitdi ;  modcfstdy  haid  and  baid  pitoli  j 


follow,  the  latter  when  the  distillatiuu  is  carried 
on  as  far  as  practicable  in  wrought-iron  stills. 
The  'asphalt  prepared'  or  'refined  tar'  thus 
obtained  by  simply  distilling  off  the  nftphtiias 
and  light  oils,  iiivarialjly  contained  all  the  con - 
stituente  of  the  distillate  that  would  follow  ii 
osrried  to  its  limit  and  ooUeoted  apart,  i.e. 
creosote  oils,  phenob,  naphthalene,  anthrneeno 
and  higher  boiling-point  Bubtitaxices.  (Jual-Uir 
fSUik  in  its  normiu  ccmdition  and  as  originally 
obtained,  is  a  bright,  black,  lustrous  substanoe, 
breaking  with  a  well-marked  conchoidal  frac- 
ture ;  but  as  now  met  with  it  preHcnls  a  more 
or  less  doll  or  greyish  tint,  due  to  the  altered 
oondll^on  nnder  wtuoh  it  is  obtained.  These 
are,  firstly,  distillation,  in  which  nteani.  either 
superheated  or  otherwise,  is  injected  into  the 
still  during  the  operation,  and  by  whioh  it  eao 
be  piished  to  a  greater  limit  and  more  complete 
extraction  of  anthracene,  without  endangering 
the  still ;  and,  secondly,  the  admixture  of  the 
residual  pitch  with  '  green  '  or  Other  oilsu  m 
onlcr  to  oring  it  to  a  consistency  at  vhien  it 
may  be  run  oil  with  facility  and  yield  a  product 
that  shall  represent '  soft ' '  medium,'  or  *  hard  ' 
piteh  at  will. 

The  proximate  composition  of  coal-tar  pitch 
is  by  no  means  well  understood.  It  invariably 
eontains  some  of  the  higher  boiling  hydro- 
carbons of  coal-tar,  notably  anthracene,  phenan- 
threne^  pyrene,  chrysone,  together  with  bitumen 
and  free  carbon.  The  ultimate  percentage 
oomposition  of  ooal-tar  is  given  by  Habets  as: 

p.c. 

.       .  76-82 

8-19 

omeo  ....  itioti 
Ash  0-4S 


Oatbon 
0] 


100  00 


Small  proportions  of  sulphur  and  nitrogen 
ore  also  present,  the  former  to  the  extent  of 
0*4-0'7  p.c.  Treated  successively  with  cold 
bencene,  carbon  disnlphide,  boiUng  benzene, 
and  boiling  alcohol,  Behri n  -  obtained  23"64  p.c. 
of  a  black  powder  rcbeniM  ni:  anthracite  and 
containing  91-92  p.c.  of  n  i  m,  S*l  p.0.  of 
hydroffti.  fiTu!  0-1— ()-0  p.c.  of  ash. 

Uouttth  and  Aariel  (Chem.  Zentr.  1903  i. 
1W9)  give  the  following  figures 


I 


Extract  with 

c 

H 

8 

Petrdeum 
•Iririt 

JMnasne 

Xesidee 

Soft  pitch 
Mediam  pHoh  . 
Haid  pitch 

91*80 

04*as 

9S>10 

3-  Og 

4-  36 

? 

0-148 
T 

? 

0*77 
t 

26-05 
1644 
16-01 

44-98 
40-03 
S9-4A 

6-67 
7*10 
6«21 

22-82 
38-10 
SO-30 

Xlis  extrRrtion.<3  with  bcnKcno  and  oarbon  di- 
sulphide  fuikiwed  in  rotation. 

The  specific  gravity  of  liard  pitch  varies 
from  1-475  to  1-300.  It  is  wholly  insoluble  in 
water  but  partially  soluble  in  aloobol  and  more 
so  in  btii/.eiu'  or  carbon  dij-ulpliidc.  C\ild 
petroleum  spirit  exerts  but  little  solvent  action 
upon  it,  but  when  heated  it  dissolves  it  to  the 
extent  of  18  to  23  p.c.  The  pyridini'  ba.^c-^  also 
dissolve  the  soluble  organic  matter  from  pitch, 


but  T^omewhnt  tardily,  and  on|y  |,with  the 
assistauOi!  of  heat. 

Solutions  of  coal-tar  pitch  exhibit  a  deep 
yellow  or  yellowish-green  fluorescence,  which  is 
highly  characteristic  of  that  snbstance.  When 
heated  it  exhales  an  odour  eijunlly  rharuc- 
teristio  and  not  easily  mistaken  for  any  other 
known  pitch.  The  prmx>rtion  of  volatile 
orL'anic  matter  given  ofl  on  heating  ranges 
from  4ti  to  04  p.c. 

V 


Digitized  by  Google 


PITCH. 


A  benzene  solution  of  coal-tar  pitch  when 
examined  spectroHCopically  shows  a  cutting  out 
of  the  blue  and  violet  portiona  of  ^he  BfMotnun, 
with  oooaaionftl  fthsorption  bands  between  the 
F  nrn!  G  Vines. 

Testing  of  pUch.  For  the  requirt^meuts  of 
commerce,  pitch  haa  to  be  tested  for  its  *  soften- 
ing* and  *  melting '  point,  and  contract  notes 
stipulate  that  a  sample  is  to  *  twist '  fairly 
after  immersion  for  two  minutes  in  water  at 
60*  but  not  under  60**,  must  contain  at  least 
63  p.o.  of  *  volatile  organic  matter/  and  must 
be  free  from  uy  eitnoeow  matter  mob  as 
gnt  or  saod. 

The  twisting  and  meltinswpoint  of  pitch  are 
ascertained  by  methods  or  compHT  Uivc  sira- 

SUcity,  only  varying  in  trifling  points  and 
etails.  Probably  tno  simplest  and  most 
readily  folLwiMl  is  that  of  1'.  liolmee  and 
is  cotiducteti  lu  the  following  nianiier  : 

Several  pieces  of  pitch  are  selected  from 
difierent  parts  oi  the  sample  and  out  to  the  size 
of  half-ineh  onbes.  TlMse  cubes  «e  then 
supported  on  metal  wirea  by  heating  the  ends 
of  the  wires  and  pressing  tbsm  into  the  pieces 
of  iMtoK  which  ate  then  snmended  in  a  vessel 
containing  about  500  c.C.  of  water  heated  by 
any  convenient  means,  at  a  uniform  rate  uf  o° 
|Mir  minute,  as  indicated  by  a  thermometer 
immersed  in  the  water  with  the  Itulb  about 
two  inches  from  tlie  bottom  of  the  vesseL 

The  cubes  are  suspended  on  a  level  with  the 
bulb  of  the  thermometer.  Am  the  tempetatvie 
iiaee  the  pieces  of  nitdi  aie  removed  from  time 
to  time  and  twlstea  or  squeezed  with  the  fingers 
and  the  temperature  noted  at  which  they  assume 
the  followinf^  conditions ; 

(1)  Readily  twisting  or  soft,  i.e.  when  the 
pitch  can  be  easily  twisted  round  several 
times. 

(2)  Vei^  soft,  i.e.  when  it  yields  to  a  very 
light  pressore  of  the  finger. 

(3>  Fused,  tie.  wiien  the  pitdh  melta  off  the 
wire. 

Soft  pitdi  softoos  at  40^  and  melts  at  about 

Moderately  hard  pitch  soften h  at  60°  and 
melts  at  about  80". 

Hard  pitch  softens  at  80"  and  melte  at  about 

120*. 

The  estimation  of  the  volatile  matter  is 
oondaoted  in  the  same  way  aa  in  the  case  of 
coal  and  other  bitnroinous  snbetancos,  viz.  by 

beating  about  1  grum  of  the  pitch  to  be  ex- 
amined in  a  platinum  crucible  of  1;^  to  1|  inches 
height  with  the  cover  on,  which  snoold  have  a 

small  aperture  in  the  centre.  The  heat  is  applied 
by  means  of  a  ^oud  Bunsen  burner,  first  gently 
until  no  more  .snioku  and  vapour  issue  from  the 
opening  in  the  lid,  finally  as  strongly  as  the 
bnmcr  will  permit.  The  operation  may  last 
20  minuleh.  'Iho  crucible  in  tlu'ii  placed  in  a 
desiccator  and,  after  ooolin^^  the  reaiaual  colu>  is 
weighed ;  it  ranges  from  36  to  fiS  p.c.  Fixed 
carbon  and  ookf  dust  ma^  be  determined  by 
succe^'^iv  ely  exhuusting  With  beozeue,  carbon 
disulphide,  and  aloohol,  emptying  a  Soxhlet 
tube  for  the  extrfidion. 

Methods  for  tedtiiiK  the  Hfiftcning  jx>int  of 
pitch  have  been  described  by  Muck  (Z,  f.  Berg. 
Uutten  u.  Salinenwesen,  1889) ;  8chewk  zu 
SohwehiBbcrg  (Zeiteoh.  augew.  Chem.  1890, 


704) ;  Mabery  and  biepiein  (J.  Amer.  Chem. 
Soc.  1901,  20, 16] ;  Kraenmrand  Samow  (Gbem. 
Xnd.  19U3p  06). 

The  snitahility  of  a  pitdi  for  the  purpose  of 
artificial  fuel  may  be  ascertained  by  carefully 
dijitiliiug  a  given  quantity  of  the  sample  in  a 

Slass  retort  and  noting  the  character  of  the 
istillatcs  ;  when  creo.-^ofo  or  naphthalene  have 
been  used  in  thiiming  or  diluting  before  numing 
from  the  still  they  arc  accompanied  with  a 
considerable  sublimate  of  naphthalene  passing 
over  at  a  comparatively  low  tempexaturc  ;  greeu 
oils  do  not  yield  naphthalene  in  this  '"^iniT 
or  sublimates  that  may  be  mistaken  for  it. 

J.  £.  MiUs  (Bnlletm  843.  U.  8.  Geological 
Survey),  gives  the  foHouing  tests  emploved  at 
the  U.  S.  Government  fuel  testing  works,  St. 
Loui."),  for  the  testing  of  briquette  pitch. 

1.  The  material  is  distiUed ;  all  coming 
over  below  270'  is  rejected  a.s  valuele<a.  2.  The 
flowing  point  is  determined  by  placing  about 
3  c.C.  of  pitch  in  the  bottom  of  a  test  tube 

i-inoh  in  diameter  and  inserting  it  in  a  bath, 
'he  temperature  of  the  bath  i.s  rai.Mcd  until,  on 
taking  out  the  tifbe  and  inverting  it,  the  pitch 
flows  1  inch  down  the  tube  in  IS  seconds,  lliia 
point  should  be  not  less  than  70".  3.  The  pitch 
is  extracted  with  C;S..  The  smaller  the  amount 
of  residual  carbon  the  more  satibfactory  the 
pitch.  The  higher  the  flowing  point  the  better 
the  briquettes  ^taud  in  the  fire. 

Applieations  and  uses  of  coal-tar  ^tb. 
Ooal'tar  pitch  is  extensivehr  used  in  the  mann- 
faeture  of  patent  or  artinoisl  fneU  varnishes, 
japu,-,  ui  i  asphalts,  the  trade  in  the  first- 
named  product  having  assumed  enormous  pro- 
portions. I^el  of  thiB  desOTiption  consists  of 
admixtures  nf  cnal-tar  pitch  with  small  coal  or 
slack,  oomDresaed  into  the  form  of  blocks  and 
known  under  the  name  of  '  briquettos.'  This 
industry  would  seem  to  be  due  to  Ferrand  and 
Marsais  who,  in  1832,  obtained  a  French  patent 
for  using  coal-tar  for  this  purpose. 

Marsais,  sinoo  1842»  employed  soft  mtob* 
and  in  that  yew  commenced  the  worn  at 
Berardy,  near  Saint  Etienne.  Hard  pitch  was 
used  in  1843  in  England  by  Wylam,  and  sinoe 
1854  in  France,  'nie  manufactured  fnel  was 
sold  in  that  eountry  under  the  name  of  '  perns.' 
The  manufacture  of  i>atcnt  fuel  has  o]K-necl  up 
wide  channels  for  the  consuinption  not  only 
of  the  immense  quantities  of  '  slack  '  obtaint»d 
wherever  mining  operations  for  coal  are  carried 
on,  but  for  the  almost  equally  large  bulk  of 

Sitch  resulting  from  the  operations  of  the  tar 
istiller. 

TIiIh  indu'itrv  has  dovelopod  considrrably 
a»  the  following  tiguretj  for  the  output  in  the 
year  1900,  taken  from  the  Government  reports, 
show»— 

Producliian     BriqutUr^  in  1909. 
Austro  Hungary        .        117,599  metric  tona 


Bel<riom 

Fraiici' 

Germany  (Brovra 
included) 

United  Sfafe-^ 
United  Kingdom 


coal 


2,707,390 
3»06l,800 


18,748.713 

126,700 
1,511,645  Eng.  tons 


In  the  manufacture  of  briqut  tfe-.  crrtnin 
conditions   are   observed,   rogulaun^  shape. 
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dimeoBions.  ami  weight.  The  form  should  be 
that  of  a  paraUclupipedun,  and  they  should  nut 
weigh  more  than  22  lbs. ;  they  should  nossosa 
m  firmneu  •ppirtMchiog  that  of  oatural  cx>ai, 
and  to  attain  this  end  the  proportions  of  pitch 
naed  in  their  fabrication  mubt  be  at  leant  5-7  p.c 
Thejr  should  not  yield  more  thMX  from  6-5  to 
0*75  pbO.  of  aAf  if  intended  for  loeomotive  nae, 
or  10  p.c.  if  for  stcambont  mc. 

When  broken  they  siiould  fracture  with  a 
cloan,  bright,  aadgnnalarearfac^  in  the  abeenoe 
of  which  they  are  generally  faulty.  Their 
reguhir  shape  permits  of  facilities  of  stowage, 
and  the  l<mn  in  transit  by  disintegration  docs  not 
amount  to  more  than  1  or  2  p.c.  against  30- 
80  p.o.  as  with  eoab.  Thej  enbold  not  fall  to 
pieces  in  the  fire  bat  agglonMnto  into  a  firm 
oompact  coke. 

Butent  fuel  o!  good  qoaifty  is  said  to  yield 
10  p.c.  mort!  heating  power  than  stoMm  coal;  it 
maKes  le.'^s  dirt  and  when  mauuiac  lured  from 
hard  pit^h  dm  leia  black  amoko  than  most 
kinds  of  coaL 

In  the  preparation  of  artifloial  fnd  of  this 
character  numerous  attempts  have  been  made 
to  employ  fatty*  oily,  mucilaginous,  and  similar 
eabalMieea  or  eoal'tar,  aa  the  agglomenting  or 
cementing  medium,  but  the  only  nvUfrinl^ 
now  used  are  soft  or  hard  pitch  derived  trom 


The  operation  of  blending  is  comparatively 
simple,  requiring  little  plant  beyond  tliat  of 
melting  pans  or  pug  milk.  Ooua.siotially,  when 
luMrd  jpitoh  ia  employed,  a  mixture  of  thia 
material  with  coal,  both  in  fine  powder,  is 
subjected  to  the  of  su|x:;r!u;at(Ml  -Icaiti, 

by  which  the  <M>mpound  is  uuitcucd  and  yields 
n  oompact  oonglommte  on  cooling. 

In  shaping  or  forming  such  niixturoa  of  coal 
and  pitch  mto  blocks  or  briquottcd,  presses  with 
open  and  closed  moulds  are  in  use.  The  process 
scarcely  requires  description,  being  quite 
analogous  to  that  of  moulding  bricks,  the 
machine  that  worka  with  dry  clay  being  con- 
atrooted  with  oloaed  moulds,  those  for  wet  clay 
with  ocmteai  monthpieoes  (dies). 

Black  mrnishea  an-i  yipnus.  In  the  pre- 
paration oi  vaniisheti,  japans,  and  paints  for 
ooating  and  protecting  the  surifaoes  of  ifon  and 
wood,  tnr  pitch  siniplv  dis«olvt>d  in,  or  melted 
with,  a  suitable  coal-Uir  diiitilUtle,  depending 
on  the  purpose  to  which  the  product  is  to  be 
applied  and  the  rate  at  which  it  is  required  to 
dry  or  become  hard.  These  solvents  vary 
from  the  more  volatile  iK-nzt-no  to  the  htavier 
igrlenee  or  solvent  naphthas,  and  it  is  not  an 
anuraal  thing  to  employ  naphthas  and  light  oils 
an  run  from  the  still,  up  t«  actual  creosote.  No 
,  special  knuwledga  or  plant  is  requisite  in  com- 
pounding them  beyond  tluit  well  known  to 
tarnish  makers. 

An  a  rule  the  pitch  should  be  melted  at  the 
lowest  temperature,  and  the  solvent  in  the  first 
instance  atkled  in  small  qnantiUea,  after  which 
it  may  be  introduced  more  freely  op  to  the 
dc-irt^l  consistency.  Rosin,  in  varying  pro- 
portions, is  oocasionallv  added,  but  iu  the 
majority  of  omcs  pitch  alone  is  used.  Vanuahea, 
ao  prepiin-d,  will  obviou.sly  vary  in  character, 
drying  quality,  and  lustre,  and  it  'vn  hardly 
oaaeHary  to  point  out  that  when  requirc<l  of  a 
natufo  that  ahali  diy  rapidliy  and  with  a  bright 


uniform  surface  Ixjth  the  pitch  and  the  aolvent 
employed  should  Do  free  from  water. 

Tar  vaniishes  dry  with  a  bright,  hsrd 
surface,  and  adhere  both  to  wood  Mtd  iron  with 
considerable  tenaeity.  They  have  been  ex* 
tensively  employed  for  coating  the  hulls  of  iron 
ships  &u  anti-fuulin^  compotiitions  and  for  the 
porposeH  of  protective  paints  generally. 

A -sj'l  I i ' '  a nd  compovnds  for  paving.  Asphalt 
prepared  irom  substances  derived  from  coal-tar 
haa  Immd  a  wide  a]^ioation>  eapeeially  for  the 
purpose  of  street  paving ;  surfaces  of  ground 
coated  or  covered  with  asphalt  become  im* 
penetrable  to  moisture  and  the  passage  of 
noziooa  effluvia.  Coal>tar  asphalt  may  be 
regarded  aa  a  soft  pitdi  to  whim  body  or  firm- 
ness has  been  imparted  by  incorporating  sand, 
grit,  gravel,  chalk,  lime,  and  substances  of  a 
simuar  oharaet«r.  The  soft  pitch  used  for  thia 
purpose  may  consist  of  the  residue  from  tar 
after  di.stilliug  ofiE  the  more  volatile  constituents, 
and  known  as  refined  or  prepared  tar ;  or  it  may 
consist  of  hard  pitch,  afterwards  melted  and 
thinned  down  to  the  required  consistent^  with 
heavy  tar  oiLn,  preferably  green  oils. 

The  manufacture  of  this  pitclk  into  asphalt 
snitofale  for  atnet  paving  is  carried  on  in  varioiia 
w^ya.  Occasionally  the  pitch  iiu  Ited  in  ilOa 
pans  and  the  ingredients  lo  be  uicorporated 
simply  added  and  well  stifxed  in  the  mixture 
which  contains  20-30  p.c.  of  pitch,  and  ia  Wed 
while  hot  and  in  a  plastic  condition. 

AayhaXt,  in  the  form  of  blocks  or  slabs,  is 
manufactured  for  similar  purposes,  melted  jpitoh 
being  run  diroot  into  a  pug  mill  in  wluoh  it 
is  incorporated  with  the  proper  proportion  of 
sand,  gravel,  or  grit,  and  from  this  mill  the 
mixture  is  run  aireot  hito  sand  moolda  to 
harden  and  solidif\\ 

Tar  asphalt  is  said  to  be  considerably  im- 
proved bv  the  addition  of  about  6  p.c.  of  sul- 
phur.  added  in  small  portions  at  a  time  during 
the  heating  or  melting.  Much  sulphuretted 
hydrogLii  i.s  giVL-n  off,  and  it  is  thought  that 
duriujj  the  hoatinf(  the  sulphur  decompoeea  the 
oonstituents  rich  m  hydrogen  and  thus  renders 
the  residue  less  fusible.  Starting  with  ft 
pitch  or  viscid  tar,  it  is  said  that  75  p,C  may  be 
obtained  as  a  good  asphalt*  wfaieh  doea  not 
soften  in  boiling  n-tfcr. 

Coal-tar  asphuii^  or  more  correctly,  very  soft 
pitch,  is  also  employed  for  constructing  *  asphalt 

Sipos.'  This  industry  was  introdnoed  by 
aloreau  and  haa  been  fully  desorjbpd  by 
Behrens  (Dingl.  iioly.  J.  208,  377).  Eiull.ss 
hemp  paper,  7  feet  wide,  is  passed  through  a 
semi-cylindrical  pan  set  in  a  lumaoe  and  filled 
with  hot  pit<"h.  A  roller  revolving  in  the  pan 
takes  up  the  paper  t^aturatcd  with  pitch  and 
convejrs  it  to  a  similar  roller  forming  the  core 
of  the  pipe,  round  which  any  number  of  layers 
of  paper  may  be  wound.  When  the  desirtnl 
thickness  has  been  attaint d.  fine  sand  is  dusted 
on  and  the  cylinder  is  exposed  to  considerable 
prennire.  After  cooling  in  water  the  core  is 
withdrawii  and  the  pipe  iK  idnn  s  n-ady  fur  use. 
Pipes  manufactured  in  this  manner  resist  very 
oonaiderablopressorefroiii  viithin.  They  possess 
many  features  of  value  for  sjm  c  ial  u-rs  and  are 
employed  for  conveying  water,  acid.s  air-blaiita 
for  pit  ventilation,'  and  for  oonveying  under* 
ground  telegraph  wires. 
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A  Urrcd  or  aaphjilt  paper  is  also  manufactured 
for  packing  pur|K>sc8,  consisting  of  wrapping 
paper  im}.nv'ii'it*-'l  with  8oft  pitch.  AnothiT 
Uesoriptioa  whicJi  hiui  been  moid  for  papering 
dftmp  traib  oondsts  of  two  layen  of  paper 
ttnite<l  hv  ft  Cutting  fif  pit'  li. 

A  furtbur  and  niorti  lUiporUint  application 
of  mat«rialB,  .such  as  paper  and  felts,  saturated 
u  ith  '  prepared  or  refined  tnr,'  nr  pitch  let 
down  to  the  required  cuuoititency  by  solution 
ill  liMvy  tar  oiU,  is  for  tho  purpose  of  '  roofing 
pftper  or  felt.'  A  considerable  quantity  of  this 
material  is  manufactured  in  Germany  and 
elsewhere. 

Owing  to  the  iutroduotion  of  motor  vehicles, 
the  question  of  tedtieing  the  nuisMoe  oetised  by 

dust  on  tlio  nmds  hnn  become  wry  ini]><irtantand 
muoh  attcutiou  has  been  diarectod  upon  it.    It  has  i 
been  loond  that  »MdB  made  with  soft  pitch  or  I 
prepared  tar  as  a  liir -  If  r  not  only  are  less  dusty 
but  are  more  durable  and  cost  less  for  repairs, , 
maintenMiee  end  eleanslng.   Beveml  patented  I 
articles  for  use  as  road  1>in(Iinp  agents  hare  been 
put  on  the   market,  niodt  of  which  consist 
ej^scntially  of  soft  pitch.    Tiiis  outlet  has  an 
important  boanng  on  the  |Mtoh  industry,  as  if 
a  large  proportton  of  the  tar  produced  in  the 
ciiuntrv  is  i    il  for  road  making  the  output  of 
pitch  available  for  briquetting  and  other  pur- 
poaee  will  be  Fory  materially  reduoed. 

ntata  iartvtd  Horn  the  dlstflMtoii  of  MLy 

substances. 

^Stearini'  and  ^palm  pilches.*  Several 
IHtehes  of  this  oharaoter  are  met  with  in  com- 
merce, notably  those  known  as  'stearitit' '  or 
*  cotton  oil,'  '  wool  oil,'  and  '  palm  pitch ' ; 
the  two  flxst-namod  lepreeenting  reeidttee  from 
substfincps  consisting  mainly  of  stearic,  the 
third  of  palmitic  acid.  Their  manner  of  pre- 
paration IS  as  follows : 

In  the  purification  of  crude  cotton  seed  oil 
by  caustic  sudii.  a  more  ur  ies.s  viiioid  residue  is 
obtained,  known  as  'foots*  or  'mucilage,' 
which  consists  largely  of  stearic  acid  in  the 
form  of  Ml  impeneetly  formed  soap.  This 
material  constitutes  an  article  well  known  in 
Hull,  Liverpool,  London,  and  other  centres  of 
cotton  oil  refining,  which  has  been  extenrively 
dealt  with  for  the  recovery  of  it«  'stearine  '  and 
pitch.  The  soapy  mucilaee  thus  obtained  in 
the  first  instance  in  heated  in  suitable  vessels 
and  then  gradu  illy  ileconi)x)Sjed  by  the  atldition 
of  dilute  sulphuric  acid.  This  treatment 
separates  the  '  fatty  acids  '  or  'itearine  *  in  the 
form  of  a  perfectly  black  greasy  substance, 
technically  known  as  'black  gn^ase,'  which 
may  vary  in  quantity  from  a  few  p.c.  to  80  p.c. 

The  recovery  of '  stearinc '  and  htearine  pitch 
foUoWB  as  a  iieoond  step  in  the  operation,  and 
oonsiKtr,  in  L^nhiuitting  the  '  black  grease  '  ro 
obtained  tu  a  process  of  distillation  by  the  aid 
of  superheated  steam,  giving  the  following 
yield  : — 

Inferior  oils         ...      6  p.c. 

*  Slearine '  .        .        ,        .    30  „ 

Pitch  60  „ 

Loss  S  „ 

*   

lUU 


The  pitch  thus  obtained  and  constttutin|[ 
the  larger  jiortion  of  the  operation,  may  be 
'hanl'  or  'soft.*  varying  with  the  point  to 
which  tiie  distillation  has  been  carriea.  Both 
are  prodneed  and  met  with  in  oomhaeroe  aa 
meeting  the  requirements  of  their  re^JKetive 
consumers  and  ]Mresent  the  folio >ving  characters  : 

Soft  stearine  pitch,  a  viscid  treacly  substance, 
and  hard  .stearine  pitch,  a  firm,  bright,  black 
product,  breaking  with  a  welNmarked  conchoi<lal 
fracture.  The  sp.gr.  of  this  pitch  is  about  1*35. 
At  55*  it  softcn.s  Kufliciently  to  twist  in  tho 
manner  referred  to  under  coal-tar  pitch,  and  at 
96°  to  100°  it  melts.  It  is  almost  completely 
soluble  in  bensene  and  the  p>Tidine  baocs,  but 
to  a  much  lesser  degree  in  petar>leQm  spirit. 
To  this  solvent  .stearine  ]»itch  only  ^ivts  xip 
about  71  p.c.  of  its  organic  matter,  23  p.c.  re- 
maining insoluble.  Smphur  is  present  to  the 
extent  of  O-M  t«  0  0»5  p.c. 

It  yields  79  p.c.  of  volatile  organic  mattc-r 
and  21  p.e.  of  coke,  containing  5-6  p.c.  of 
mineral  matter  or  a.sh.  Durinp  the  operation 
uf  hcatmg  and  burning  off  a  strung,  fatty  odour 
is  evolved  which  at  once  indicates  its  origin  and 
nature  as  an  oil  pitch, 

A  bencene  solution  exhibits  no  bloom  or 
fluorescence,  and  when  exann'ned  s]M'etro- 
scopioally  a  cutting  out  of  the  blue  or  violet 
portions  of  the  nieetnim  only :  no  absorption 
bands  are  visible.  Stearine  pitch  has  been 
extensively  used  for  the  preparation  of  special 
black  vamiahM  need  in  coating  tarpaulins  and 
in  various  compounds  employed  for  electrical 
iuiiulatiun.  For  these  requirements  it  emi- 
nently adapted  from  the  fact  of  yielding  surfaces 
and  oombinationB  both  supple  and  pliant,  and 
that  do  not  eraek  «ad  disintegrate  in  the  manner 
of  some  mineral  pitches. 

Wool  oil  pitch.  In  the  scouring  and  washing 
of  woc^kn  goods,  soapy  Uquors  are  obtained  in 
considerable  quantity.  These  liquors  are  now 
treated  for  the  fatty  substances  contained  in 
them.  The  process  followed  is  in  many  vrmyn 
analo^ious  to  that  already  descriljcd.  thf  fatty 
acid,s  being  separate*!  hy  heating  and  addition 
of  dilute'  sulphuric  acid.  On  stibuiitt intr  these 
fatty  acids  to  a  similar  process  of  distillation, 
an  excellent  stearine  is  recovered  with  a  similar 
residue  of  pitch.  This  pitch  may  l>e  hard  or 
soft,  and  in  both  stages  resembl^  that  known 
as  cotton  or  stearine  pileh ;  it  has  similar  naea 
and  apj)Iications.  The  softer  kinds  are  used  as 
lubricants  for  heavy  machinery  under  the  name 
of  '  hot  and  cold  neck  grease.' 

Pnlm  oil  pilch.  This  pitch,  \Ahich  is  now 
produceil  in  considerable  quantity,  the  rettiduo 
of  an  operation  extensively  carried  out  more  or 
less  in  acoordanoe  with  an  important  patent 
granted  to  Wilson  and  Owynne  in  the  year 
1843,  in  which  ^AU  or  other  f^itty  suljstancea 
were  heated  with  sulphuric  acid  in  pkce  of  an 
allnli  for  separation  of  their  contained  fatty 
acids. 

In  the  operation  claimed,  the  glyct'rol  is 
converteil  into  '  sulpboglyc' tj''  acid,  which  is 
afterwards  u ashed  out,  un<i  the  resultant  bUck 
mas8  distill*  d  with  Bupcrhc-att,-d  steam.  The 
res}X'cti\c  f.iti\  aexls  pass  over  in  a  conditioil 
of  preiit  i>urily  and  suitability  for  the  various 
pur^K>»i»  appUcd.  With  palm  oil,  palmitic  acid 
distils  over,  and  palm  pitch  remains  in  the  still. 
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In  appearance  and  whon  !<oft,  tluB  pitch 
raries  irom  those  already  de«oribed.  U  is  dull 
in  eolonr,  with  a  waxy  fori,  but  when  hanl  is 

t  ilrrahly  bright  and  Murk  in  tolour,  lirciikiiit; 
\utli  a  Jistinot  conchoidnl  fracturo  and  Hinnll 
LT  iniilar  florCaoe,  but  exhibiting  the  lame  waxy 
feel  :  its  sp.gr.  varies  from  1-046  t<i  1-050.  The 
softer  kind  twists  at  the  ordinary  temperature ; 
the  harder  at  30^,  although  it  does  not  com- 
pletely melt  utukr  9.^.  It  yields  ah.uit  80  p.c. 
of  volatile  organic  uiattor  and  20  p.c.  uf  a  light 
poron*  coke,  containing  <l  r»  t<>  6-8  p.c.  of  a-sh. 
During  heating  a  powerful  fatty  odour  ia  siven 
off.  betraying  its  natnre  as  being  also  of  fatty 
■'tiu'in.  Jt  i.4  almo.st  wholly  soluMc  in  iRTr/ene, 
but  scarcely  acted  upon  by  tho  pyridine  bases  ur 
petrolenm  spirit.  A  iolvtioD  examined  speotro- 
j^-^npirilly  i*howB  a  ciiftinp;  <nit  <>f  thii  violet 
gortioDS  of  the  spectrum  but  nu  absorption 

PaJm  pitch  has  htvn  nxtenjiivdy  uhc^I  for 
tarpaulin  variii-tlies,  and  in  combiuatiou  with 
paraffin  w.i\,  for  vavfous  electrical  insula t^jrs. 
The  softer  kinrln  are  employed  oh  hot  and  oold 
neck  greases  for  heavy  machinery. 

Bone  oil  pitch.  In  the  dry  distillation  of 
bones  and  other  animal  sabstanoee,  ao  oil  is 
obtained  ezhiMting  a  strong  foetid  odour  and 

kiiiiwii  a-^  l)i:ri(>  or  '  Dijjpi'l's  i  - I  '  'o^  f/w 
'inimtd".  Dipjttlii)  (j.i?.),  which  when  ctubmitted 
to  further  distillation  ylelde  about  23  p^e.  of  a 
har<l.  firm  pitch. 

li«krd  and  bolt  variotios  are  produced  and 
present  the  following  oharaoteristics  :  jet  Uaeic 
and  shining ;  brittle,  and  brraking  in  masses, 
although  distinctly  couchuidal ;  sp.gr.  ranges 
frr»m  1-12.'>  to  M30.  The  harder  pitcnos 
'  twist '  at  a  tempetatnre  of  70**.  and  melt  at 

.\  .rood  ^^ar^pU•  will  yield  63  p.n.  of  volntilo 
ursajuc  matter  and  37  u.o.  of  hard,  compact 
ooBe,  eontaininf  from  0'4  to  0*7  p.e.  of  ndneral 

iiiaft'T  or  ash.  Diiriiif^  the  operation  of  heating 
and  igi>itiiij4,  the  uhanuiterii»lic  and  unmistakable 
odoOT  of  bone  or  animal  oil  bocomea  vorv 
fKJwerful  Bn<i  readily  distinguishes  it  from  all 
other  iiitches.  As  a  solvent,  benzene  attacks 
it  very  imperfectly,  but  the  pyridine  baws 
(UhhoIvc  it  entirely  or  with  the  *»Tef>ption  of  a 
Hmall  quantity  of  cartK>nnceouK  matti^r.  Petro- 
)  nrii  -.jjirit  dissolves  about  30  p.c.  Solutions  of 
this  pitch  in  the  pyridine  basca  exhibit  no  , 
bloom  or  flaoresoenoe,  and  when  examined  I 

^p«M  t  tiHcopiealiy  iiierely  a  cuttiiii;  out  of  fhi- 
violet  portion  of  the  spectrum,  no  abHorption 
bands  bdng  visible.  Snlphnr  ie  pn«ent  to  the 
extent  of  0-30  p.e. 

It  exhales  a  t»uincwhat  unpleasant  mlour, 
very  notioeable  when  wanned.  Its  ohief  uses 
are  for  tnrnaulin  and  other  varniMhe«. 

Stockholm  pitch  Iwood-tar  int  h).  Wood-tar, 
when  submitted  to  dirtiUatiot\  viclrh  ilistiliates 
of  light  oils  varying  in  sp.gr.  fr<»m  0-810  to  0  J<so 
and  about  70  p.c.  of  pitch.  In  app«'aranee  it  in 
jet  f>lnc;k  and  brilliant,  but  it  is  inferif»r  to  bone 
pitch.  Ita  fracture  is  conohoidal,  but  it  is 
extremely  biittle,  cmmbling  between  the 
liniriTB.  It  is  slightly  adhesive  .in<l  beconns 
Htieky  on  gently  warming.  It  hn.s  a  Hp.gr.  «if 
abou  t  I  I  or* :  at  f0<*  it  twiste  easily  and  at  82^  it 
mel'-  Whrii  heatfd  and  ijjnitcd  it  yiehiM  , 
d8-H8-5  p.c.  of  volatile  matter,  leaving  a  soft,  i 


friable  coke  r:wi;^iii>.'  fn)m  12-1  l-r>  p.c.  and  con- 
taining from  U'7-U-84  j^u  mineral  matter  or 
ashTDuring  the  bunung  off*  Tapoura  and 
odours  are  evolved  impofsiblo  tn  mistake  for 
those  of  any  other  pitch,  or  for  other  than  tiiat 
of  wood  tar.  Benzene  dissolves  thi-s  pitch 
completely  nnfl  the  pyridine  bas<  s  equally  Well  ; 
but  [>etroleuui  spiiiL  oniy  takcj»  up  irom  91  to 
92  p.c,  leaving  a  amall  portion  insoluble. 
Sulphur  is  present  but  in  minute  quantity  only, 
not  exceeding  0-01  p.c. 

A  solution  of  Stockholm  pitch  shows  no 
bloom  or  fluoreeoenoe»  and  when  examined 
spectroscopically  a  cutting  out  of  the  violet 
portion  of  the  sj)eetrutn  only.  No  bands  are 
visible  nor  any  indication  of  chrysene,  said  to 
exiat  in  thii  particular  tar  or  pitch. 

Stoekholm  pltidi  di.K.Hnlve3  almost  completely 
in  alcohol  and  p<itasli  Ive.  When  its  alkaline 
solution  ia  boiled  a  coloured  oil  pataee  over 
pofl^tessing  a  «tni»'  fying  smell,  and  when  acidified 
and  boile<l  yields  volatile  fatty  ucids.  A  black 
mass  is  deposited  as  the  operation  proceeds  ; 
on  boilini;  thin  mass  with  water,  oreoaote  is 
given  oil.  If  the  acid  and  alkaline  treatment 
is  repeated  eeveral  times,  the  mas-s  is  con- 
verted into  a  black  powder  which,  after  long 
boiUng  with  hydrooUotlc  acid,  yidds  to  alcohol 
only  a  sinall  quantity  of  resin.  The  black 
residue  insoluble  in  alcohol  and  potash  con* 
siats  of— 

p.c. 

Carbon  ,  ,  .  ,  05O4 
Hydrogen  ....  4-80 
Oxygen       ....  30-07 

UW-00 

As  wood-tar  is  a  complex  mixture  of  pheno* 
loid  bodies,  amongst  which  gnalaool  and  creoaol 

pretloniinate,  and  the  less  vr.latilo  fraetif.ns 
contain  methyl  ethers  of  pyrogailol  and  its 
homologue<t,  it  is  highly  probable  that  the 
residual  pitch  resnltinu  from  its  distillation  at  a 
comparatively  low  teni(ierature  contains  amongst 
its  other  constituents  the  methyl  ethefa  of 
trihydric  phenols  (t*.  rnKOsoTE). 

WcKid-tar  pitch  is  asstimed  to  possess  much 
of  the  antirtoptio  and  |ir»  s«  rv  atn  e  power  of  the 
tar  from  which  it  is  derived.  It  finds  a  con- 
siderable outlet  for  marine  purpose's  and  the 
coating  and  painting  of  ships. 

&mn  pitch.  Rmin  or  colophony,  is  the 
reeidne  left  on  distilling  off  the  volatile  oils 
from  (  rude  turpentine,  Rn<l  whon  snbriiittefl  to 
further  diiitiUation,  yields  definite  products,  but 
varying  considerably  with  the  temperature  and 
eoiiditions  of  distfllatinn.  Tn  a  v.ininm  or 
current  of  supeiheati  d  -tcrtui  it  may  be  diatilled 
almoHt  unalten-<l,  but  when  subjected  to  dry 
distillition,  as  in  the  ordinary  inethcnl  pursued 
by  rosin  di.stillers,  it  yields  a  number  of  pr<Kluets, 
consi.-ting  chiefly  of  ro.sin  nil,  which  pas.ses  over 
to  the  extent  of  about  8.')  p.c,  ineludinji  rosin 
Kpirit,  water,  a  p<)Werfnlly  nnfesthetic  gas  eon- 
taining  carbon  monoxide,  ethylene,  butylene, 
pentene,  with  a  residue  of  pitch  amounting  to 
1 1  ewts.  from  a  ton  of  PMin. 

Uosin  piteh  is  a  yellowish-brown  snbsfanre, 
hard  and  eimipact  but  easily  «rumhlitiu  on 
slight  prejwtinl.    It  has  a  Htieky  f»H|l,  and  w  hen 

warmed    exhibits    the   eharaeleri<<tie    o<loiir  of 

reHin.    It»i  5*p.gr.  varies  from  1090  to  i-09i»; 
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at  a  temperature  of  35*  it  twists  readflj,  and  at 
08"  melts.  WhMi  belted  and  igmtcd  it  yieldi^ 
82*6  p.0.  of  voUtUe  matter,  leaving  a  spongy 
siift  (;<»ke  amoiuitir  L:  t  i  17-5  p.c,  'which  contains 
0-58  to  0-7  p.c.  of  mineral  matter  or  ash.  During 
the  heating  a  stnm^  odour  of  rodn  is  given  on, 
readily  diBtinguishiug  it  from  Stockholm  or 
wood-tar  pitch.  In  benzene  and  the  pyridine 
basfs  it  is  completely  soluble,  but  [>t'trv>leum 
spirit  ordy  takes  up  8G-94  p.c..  Ifaving  p.c. 
insoluble  ;  ttulpiiur  i&  present  to  the  extent  ui 
040-0-3  p.c. 

Solutions  of  rosin  pitch  exhibit  a  deep 
greenish  bloom  or  fluoreacencc.  but  differing 
from  that  of  coal-tar  pitch,  which  is  invariably 
yeUow.  Speotroscopically,  they  merely  show  a 
cutting  out  of  the  bhie  and  violet  portiomi  of  the 
ipeitrutu  ;  al)S()rpfion  bands  art-  absent. 

lioiiin  pitch  hnds  no  special  use  by  itself, 
but  is  oeoasioiially  mixed  irith  other  pnehes  of 
an  inferior  df«cription. 

Pitches  derived  fmm  the  distillation  oj  pelro- 
leum  and  allied  stihstancet.  Of  these  ptiMucts, 
ozokerite  pitch  occupies  the  most  important 
position.  It  is  obtained  from  the  distillation  of 
crude  ozokerite,  and  the  following  figaroR  have 
been  furnished  by  J.  &IUUi  •»  representative 
of  the  operation 

Very  light  oib  ....  90 
Heavy  oils       .        .       .  .60 

Paraffin  B 

Haid  pitob  ....  8 
Lon  14 

100 

B.  Redwood  (T.  Soc.  Arts,  34,  886)  gives 
the  products  of  Galician  ozokerite  as  5  p.c.  of 
gaseous  hydrocarbons,  3  p.c.  of  naphtha,  fi  p.c. 
of  scini-.H.ilid  '  ozokerine,'  12  p.c.  of  soft  j»arnnin 
(melting  at  44''-46°),  distilled  ozokerite  (melting 
at  ei»).  and  blaok  waxy  rendne.  Ik  is  a  hard, 
waxy  .Hub.Htancc  brt'alvin!»  with  a  rou^ih  crannlar 
surface,  and  irregular  fracture.  Its  colour  is 
dark  ambeft  inelining  to  brown  •  its  Bp.gr.  is 
fi  ono.  At  a  temperature  of  50°,  it  lwist.=»  and 
lit  8.'j^  melts ;  heated  and  ignittxl  it  yields 
9-7  p.c.  of  volatile  organic  matter,  leaving  3  p.c. 
of  soft,  friable  coke  containing  traces  oiJv  of 
mineral  mutter  ur  ash.  During  tliiu  operation 
the  odour  evolved  is  simply  that  of  higldv- 
heated  paraffin.  It  is  oompletely  solub^  in 
bensene  bnt  not  irhoHy  so  in  the  pyridine  bsMs, 
the  solution  showing  no  Ijloom  or  fliiorosoence. 
Examined  epeotroscopioally,  no  absorption 
bands  are  TisiDle,  bnt  a  entung  ont  of  the  bine 
and  ATob  t  portions  of  the  spectrum  only,  as  is 
tlie  case  of  tho  pitcho!)  already  described. 

Ozokerite  and  otokerite  pitch  have  been 
found  to  po^scoi  remarkable  electrical  qualities, 
and  in  admixture  with  various  subHtances, 
csontehouo  among  then,  have  formed  the  sub- 
ject matter  of  several  patents.  Such  com- 
pounds have  found  extensive  uses  for  coating 
telegraph  wires  and  for  inralatiog  pnrpoaes 
generally. 

Petrateum  pitch.   In  the  first  distillation  of 

rrud  -  pcfroleum  oil,  tho  chartrcs  may  bo  run 
down  to  a  cojung  point  ur  they  may  be  dis- 
continued at  a  stage  at  which  piteh  or  artificial 
SSphaltnm  w  uld  rcsolf  on  cooling. 

In  a{)p(arance  it  greatly  resembles  natural 


ititumcn  or  asphaltum  ;  it  is  jet  black  and 
shining,  and  breaks  with  a  similaz  conohoidal 
fracture-   It  has  a  sp.gr.  of  about  I'liO.   At  a 

temperature  of  45*  it '  t  u  ist.'i,'  at  S  r-85**,  melts  • 
heated  and  finally  ignited  it  j^ields  about  half 
its  wei^t  of  irolatile  organic  matter.  ThA 
odour  evolved  is  chnrncteristic  of  petroleum, 
but  diilers  entirely  from  that  of  oatttral  asphal- 
tums,  with  whicn  it  cannot  be  confoonded. 
Mineral  matter  is  present  in  minute  traces  only. 
Iknzene  diiujolves  this  pitch  completely,  afford- 
ing a  solution  exhibiting  a  strong  vellow  bloom 
or  fluorescence  not  unkke  that  observed  with 
coal-tar  pitch.  It  is,  howeyer,  almost  insolnble 
in  the  pvritline  ba.scB  ;  petroleum  .spirit  dia- 
^  sdves  36'1&  p.c.  only.  The  residues  from 
I  Anenean  petroleum  contain  notable  qnaatitiM 
of  closed  chain  hydrocarbons,  among  ■which 
antliracene,  phonanthrene,  chrysene,  chrysogen, 
^  and  pyreno  have  been  recognised,  as  also  a 
hydrocarbon  called  thallenc.  From  Calif ornian 
petroleum  the  hydrocarbon  picenc  C{2H,4  has 
been  isolated.  When  treated  with  sulphurio 
aci'l,  it  yield.s  a  sulplumic  fuid  di.ssolving  in 
water  with  a  splendid  blue  green  fluorescence. 
Petroleum  pitch,  although  differing  in  its 
I  physical  aspect,  may,  in  many  resjj^ts,  be 
I  looked  upon  as  resembling  coal -tar  pitch. 

1?.  Poro  (Gazz.  chim.  ital.  l;>,  77}  trivet 
tlie  following  figures  as  showing  the  results  of 
distilling  Italian  petnimm: —  ' 


Oil 
Pitch 


I. 

63-6 
32-2 


n. 

28-3 


Petroleum  pitch  has  been  used  in  coro- 
poundinpr  ceraeotSi  asphalts,  vamisiies,  and 

patent  fueln. 

Shah  oil  piieh  is  now  quite  unknown,  manu- 
iaotnrers  of  shale  oil  preierring  to  continue  ita 
distillation  to  the  ektent  of  coking. 

BilI{o(jmphj/.—lAiucv^H  Coal  T.ir  and  Am- 
monia (4th  edit.),  1909;  Allen,  Commercial 
Organie  Analysis  (2nd  wflt.),  1880 :  B.  J.  Mills, 
Bestructivp  Di.stillation ;  S.  F.  Peckham  (.\tnor. 
J.  tki.  [lii.]  28,  105-117);  Stripplemanu  and 
Engler  (Dingl.  poly.  J.  260,  216.  227,  271,  316, 
321);  Boussineault  (C<»mpt.  rend.  06,  1452, 
Ur>fl);  B.  Dokchanal  {iM.  07,  491,  4ft4) ; 
H.  BefStts  (BulL  Soo.  chim.  do  Belgione^  Wll, 
7). 

PITCHBLENDE,  or  UraiUnlte  (Ger.  Uran- 
■prrhrr:).  A  uranium  mineral  which  is  much 
sought  for  as  an  ore  of  radium.  Its  occurrence 
in  the  ancient  sQver  mines  at  Joaohinwtha]  in 

Bohemia  w  as  known  a«  early  aa  1727  ;  and  it  w  a^j 
in  this  mineral  that  M.  H.  Kiampth  discovered 
in  1789  the  element  uranium.  The  old  German 
names  Pocherz,  Pccliblonde.  ^c,  were  suggested 
to  the  miners  by  a  superficial  rpsemblance  of 
the  mineral  to  pitch  and  to  zinc  l>londe.  The 
name  I'ranin,  proposed  bv  ^\'.  Haidingcr  in 
184r»  and  later  modified  hy  Dana  into  Uraninit<?, 
is  sometimes  used  in  a  rather  wider  sense  to 
include  the  massive  variety  (pitch))Jendo)  and 
the  crystallised  varieties  (•  uranoniobite,'  cleve- 
itc,  brcipyerite.  and  iiivenite). 

The  mineral,  although  possessing  certain 
point*  of  considerable  interest  and  a  high  value, 
i?  unt!lr;ntivc  in  ;ippc,irancc-  It  it-  opaque 
and  black  with  a  dull  pitchy  lustre  (crystals  are 
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brighter  and  witli  a  8ub>metallio  luetro)  and 
breiJu  with  a  bub-conohoidol  to  uneyea  fncture. 
The  streak*  or  colour  of  the  powder,  is  brownish- 
or  gri-ccnish-black.  The  only  feature  that 
attracu  att^ntiun  is  the  remaritably  high 
density  (sp.gr.  6-4-9*7).  Tliis  iMtue  MirvM  to 
distingm-sli  the  uiint;r;d  from  the  more  common!-!,' 
occurring  chrumitc  ;  iu  its  iiuu-mtiguetic  ohuruc- 
ter  it  differs  from  magnetite  ;  and  in  the  absencn 
of  cleavage  from  wolframite — these  being 
miiMrala  often  mistaken  by  prospectors  for 
pitcbbl'^nde.  From  m.-  other  heavy  black 
minftraJs,  such  as  coinmbite  and  tantalite,  the 
distinotibn  is  Isss  eavf  In  the  *baeiioe  of  ohemioa] 
t^ts.  Pitchblende  can,  however,  always  be 
qoickly  and  readily  recognised  by  means  of  itt> 
ladio-aotive  character;  and  without  tho  aid 
of  BQch  simple  and  portable  instmments  as  the 
spinthariscope  (or  scintillosoope)  and  gold-leaf 
dectruseope  the  chances  of  toe  prospector  are 
small.  Although  actively  sought  for  ^incc  tlie 
discovery  of  radium  in  1898,  it  is  a  reniarkablv 
fact  t!)ut  no  new  deposits  of  pitchblende  of  Any 
importAnoe  have  been  brought  to  lig^t. 

Two  distinct  varieties,  irith  very  different 
iniKlea  of  occorrence,  aro  known.  One  is  met 
with  in  a  roaoaive  form,  sometimes  showing  a 
mamlBfttod  or  botryoidal  stirfftcs^  fn  mineral 
veiiia  tosfethor  -^vith  ores  of  silver,  lead,  ooppe"" 
or  tin,  and  frequently  associated  with  or^  of 
nickel,  cobalt,  and  hismntfa.  The  other  yariety 
i.**  found  as  5«mnll  (1-3  om.  across)  octahedral  or 
cubo-octaliedral  crystoiii  in  peguiatite-vetns 
travorsing  granitic  rocks.  These  two  varieties 
diflfor  somewhat  in  chemioal  composition  and  in 
sp.gr.  (6«4-8  for  the  massive,  and  7'6-9-7  for  the 
crystallised  variety). 

The  mineral  has  been  vwionsly  regaided  as 
an  oxide  oi  nraiumrf  or  as  a  nranato  of  nranyl, 
lead,  thofium.  Sec.  In  coiiij)osition  it  i  ;  siil  j^ct 
to  wide  variations.  The  principal  constituents 
ere  vnuioQB  end  nrenio  oxides,  bat  these  ere 
pre=y»nt  in  varying  relativn  proportions.  Lead 
IS  also  invariably  present,  but  it  is  only  tho 
crystallised  varieties  that  contain  in  addition 
thorium  anil  metals  of  the  cerium  and  yttriirm 
l^roups.  Some  of  tho  many  constituents  shown 
in  tfa^  analysis  are  no  doubt  present  as  mechani- 
cally admixed  impnritieB,  this  applying  more 
particularly  to  the  mesdve  ▼ariety  of  lower 
>t"'cinc  trravity.  Tluii^  an  analysis  by  F. 
JandA  (Oesterr.  Zeitsch.  Berg-  a.  Huttouw., 
1902,  L  283 ;  ebstr.  Chein.  SSentr.  1902,  tL  100)  of 
an  average  sample  of  tho  Joachimsthal  ore 
gave:  U,0„  4905;  AsjSj,  0-71;  PbS,  1-85; 
PbO,  0  2^;  CujS,  1-12:  Bi,S„  0-31;  Ap,S, 
0-O4 
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from  Annerod,  Norway  ;  V,  crystals  ('  cleveite  ') 
from  Arendal,  Norway ;  VI,  (W.  AUrckwald* 
Osntr.  Uin.  190H,  761),  crystals  from  Lii]cwibd> 
gvlfl^  f.lliigani  mooataiiisy  Ownie<n  Esot  Africe. 


U03 

ZiO.  7 
Th()„  \ 
CeO,' 

(La,Di),0, 

(Y.Kr),Og 

PbO 

FeO 

io.O, 

MnO 

CaO 

Alkalis 
H,0 

He,  kc. 
SiO, 

Inot. 


I. 
72-25 
13-27 

7«20 


4-36 

041 

010 
018 


0G8 
n.d. 


II.' 

59-30 
22-33 
nil 
nil 
ml 
nU 
nil 
6-39 

o7i 

047 

0-31 
317 
tr. 

0-50 
U-OG 


III.2 
58-61 
25-26 

7-69 

0-22 


IV. 


V. 


46-13  2448 
30-63  41*71 

0  06, 
ti-00 


VI. 
|87« 


0-18 
0-27 
111 
9'04 


3-06 

9-76 
10*64 


0-70   9'04  10*64  7*6 
032     —     .  10 
—    0-26  0-08  — 

016     —     _  _ 

0- 84 
tr.? 

tr.? 

1-  96 
0-02 

2-  70 
0-22 


0-04    —  — 


0-37 
tr. 
tr. 
0-74 
017 
0-22 
0-02 
4*42 


1-06 
0*10 

0-  23 

1-  23 
n.d. 
0-90 


21 


0-5 
0-8 


1*10  0*2 


■93:  TV,0,.  114 


FeCOj,  6-96 
Al,03,  3  25;  ZnO,  109;  MuOj,  0-11  ;  CaCOs, 
3-60;  CftSO,.  0-89;  MgCO,,  0-76;  MgSO^, 
0-07  ;  SiO„  18-65 ;  V.0„  0  02  ;  H,0,  Na,0, 
KjO,  P,Os,  1-34;  PbSb*,  CuSO^,  Ni,  Mo,  W, 
Ra,  traces. 

Several  (22)  deteiied  eoelyses  have  been 
made  by  W.  V,  Hfllebrend,  bat  he  {ailed  tn 

arrive  at  a  definite  formula  for  fho  mineral 
(Amer.  J.  Soi.  ISW,  40,  380 :  BuU.  U.S.  Geul. 
Simy,  1891,  No.  78;  im,  No.  90;  1910, 

No.  4101.  The  following  analyse  ?».  T-V,  arc  by 
HillehranrL  f,  bright  oryt^tals  froia  Brnnch- 
▼Qle,  Connecticut.  IT,  mesrivc  from  Johatin- 
ireorgeai'tadt,  .S.ix()nv  ;  TTI.  mn<;  ire  fr-im  flilpin 
f'o.,   Colorado ;    IV,   crystals    ('  broggente ') 


96*21  97-93  90-82  99-61  94-50  994 
Sp.gr.        9-733  6-89  8-008  8*893  7-60  8*84 

In  the  least  altered  specimens  uranium  dioxide 
(UO^)  predominates,  -whilst  iu  those  showing 
signs  of  alteration  there  is  more  uranic  oxide 
(UO3)  and  water.  The  latter  pass  into  the 
alteration-product  known  as  gunuuite,  which 
oonteins  only  unmie  oxide  together  witn  mnoh 
wat<!r.  Since  the  dioxides  of  uranium,  thorium, 
and  cerium  have  been  obtained  artiticially  as 
cubic  erystele,  it  ssems  probable  that  nramnlte 
may  be  reg!irded  as  an  isomorphon«  miztore  of 
theiio  oxides,  the  formula  then  being 

(U,  Th,  Ce,  Ph)0,. 

This  view  is  supported  by  the  discovery  of  the 
closely  allied  cubic  ntiineral  thorieallt  (^.V.)*  in 
wliich  thoriam  oxide  predominfltee  orrer  unuunm 

oxide. 

(Viiitaioing  a  higher  percentage  of  uranium 
than  any  other  nuneral|  pitchblende  is  cone* 
spondingly  richer  in  radium,  but  this  amounts 

to  only  t>ne  part  in  five  million  (i.e.  about 
200  mg.  per  ton).  About  0-1  gram  of  radium 
chloride  oan  be  extracted  from  a  ton  of  ore 

containing  50  p.c.  U3O,.  On  the  process  of 
extruciiou  euiployod  at  tho  Joachimstnal  works, 
■id  L.  Haitinger  and  K.  Ulrich,  Sitz.-ber.  Akad. 
Wi.«H.  Wien,  1908,  117,  [ijA]  619.  The  inert  gns 
liberated  from  pitchblende  when  the  mineral  is 
dissolved  in  acid  or  when  bested  in  mcu6  was 
first  detected  by  W.  F.  Hillebrand  in  1880.  and 
believed  by  him  to  be  nitrogen.  This  led  Sir  W. 
Rams«iy  in  1S95  to  the  disc  a  ery  in  this  mineral 
of  terrestrial  helium.   Argon  is  also  present. 

By  its  alteration  in  nature  pitchblende  gives 
rise  to  a  number  of  secondary  nrnniuin  iiiinc-nds. 
These  are  yellow  in  colour,  and  are  often  to  be 
>' <  n  M  an  earthy  coatinj;  on  the  surface  of 
hiind-5;]>(  f  iiiu  n.-*  of  piteliblende  :  when  met  with 
in  the  upper  l  Aidised  zones  of  mineral-veins, 

'  Anal.  II.iaclud«  8iilso :  Al,0,  ?.  BiaO,,  0-76; 
•  17:  As,0,.  2*34;  V^.,  HoO„  WO,,  0*75; 

.so 3.  If  19. 

-  Anal.  III.  iTi  luilP"  also:  Ax.O.  (V4S;  CllTsS*, 
0*12 ;  FeS-,  U-24  ;  ZnO,  0  44 ;  'XiU,.' trace. 
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they  form  ii  valiiaMi-  indication  of  the  presence 
of  the  minoraL  By  8im|de  oxidalion  and 
kydmtton  it  pAMes  into  gummite— a  heavy, 
reddiiih-yellow  mincrul  with  a  punimy  appcnr- 
anoe.  In  the  pzesenoe  of  sulphurio  and  oarbuniu 
acids  (tlie  formev  pffodnMd  by  the  weathering 
of  iron-pyrites  commonly  aeaociated  with 
pitchbhmde),  it  altvfH  to  a  uumber  of  hydratod 
and  basic  uranium  nulpbatop  and  carbonates — 
the  w-oalled  uraniuni'Ochres  (johannite,  liebi^- 
ite,  kc).  In  the  presence  of  phosphatic 
eolvitions  it  gives  the  Ho-cnlkMi  amiiam>micaa 
(autunito,  g.v.,  torbeoite,  &c.). 

The  localities  at  which  pitchblende  has  been 
foumt  JUL"  relatively  few  in  nunibor.  :\nd  it  is 
only  in  throe  districts  that  the  mineral  has  been 
found  in  qnantitiM  MifRoieat  tor  miBins.  Theee 
arc  in  the  mineral-veins  of  Cornwall,  of  the 
Erzgobirge  on  the  borders  of  Saxony  and 
Boiwaiia,  and  in  OStfia  Co.,  Colorado. 

Tn  Cornwall,  the  workaMo  'Icposits  arc  those 
of  the  Sduth  Terras  mine  in  the  parish  of  St. 
Stephen -in- Brannel  near  Oramponnd  Road, 
anif  the  Trenwith  mine  at  St.  Ives.  The 
occurrence  of  pitchblende  luk^,  however,  been 
feeoi  1  c  l  :n  some  2li  other  Cornish  mines  in  the 
parishes  ol  St.  Just-in-Penwith,  St.  Ives,  Pen- 
7.ance»  Gwiuear,  Caml>ome,  IDogan,  Rtdruth, 
Gwennap,  Wendron,  St.  Gluvias,  Perranarwor- 
thal,  St.  Stephen-ia-Brannel,  and  Lanivet.  On 
th«  Saxon  side  of  the  Erzgebirge  it  has  been 
found  at  .Tohanngeortcfiistadl,  Srhneebcrg,  Anna* 
berg,  Marienberg,  Freiberg,  Breitenbmnn, 
Sohwanenben;,  and  Gottesbcrg;  and  m  the 
Bohemian  side  at  Jortchimsthnl  and  Sohlaggen- 
wald.  (On  the  mocif  <>f  oci  urrence  at  JoaoUm- 
St  ha!,  aee  J.  St^p  and  F.  Hti<  ke,  Sitz.-ber.  AJcad. 
Wiss.  Wicn. \mi,  IV.i.  [i.  [  585.)  Other  European 
ocuurrcucet;  are  in  tho  mineral-veins  of  Przibram 
in  central  Ikihomia,  and  Rezbanya  in  Hungary. 
A  speeimen  has  aim  boon  described  from  near 
Adnanople  In  Turkey  (J.  L.  Smith,  1848).  Near 
Central  City  in  Cilpin  Co.,  Colorado,  pitchblende 
is  worked  on  the  Wood  and  Kirk  lodes.  A 
flpedmen  of  donbtfol  origin  has  beoi  deMnb(>d 
from  Now  South  Wales  fT.  H.  Uby,  1900). 
Tho  localities  above  mentioned  all  refer  to  the 
ooourrenoe  of  massive  pitchUeade  in  minecal- 

The  cry.-italliseJ  varittios  occur  as  small 
©ryfitals  sparsely  scattered  in  r»egmatite-vein8, 
and  are  occasionally  met  with  as  isolated 
snecimnn  in  the  felspar  quarries  in  the  sooth  of 
Norway,  at  several  places  in  the  ndghbourhood 

of  Mobs  (TCarlshus,  Ttaade,  .^nntrod,  Elvostad, 
Hu(rgen<i.skilen,  SkraaLorp),  near  Areudal  (Carta 
quarry  an<l  Tvedestrand).  and  in  Satersdalcu 
(Evjc).  In  the  Unit4>d  States,  crystals  have 
been  found  in  the  felspar  quarries  at  iliddletown, 
(ilastonbury,  and  Branchvillo  in  Connecticut. 
In  the  Flat  Rook  mine  and  other  mica  mines  in 
Ifitchdl  Co.,  and  Yancey  Co.,  in  North  CWtoHna. 
At  Marietta  in  South  Carolina  ;  ISairiiit'er  Hill 
in  Lbino  C'o.,  Texas ;  and  rather  abundantly  in 
tho  Bald  raottutain  district  in  the  Bkwlc  HlUs  of 
South  Dakota.  A  Canadian  occurrence  is  in 
mica  uiinci  at  V'illencsuvo,  Ottawa  0>.,  ()uid>oo. 
Finallyf  crystals  have  recently  been  found  in  a 
mioa  mine  at  LukweuLMiIe  in  tho  Olugara 
mountains,  German  East  iViritvi. 

Curiottsly,  this  ore^  now  of  such  great  ▼alns^ 


was  a  source  of  ombarra.s8mcnt  to  the  earlier 
miners,  and  it  was  thrown  aside  as  worthlesp. 
Some  of  the  old  waste  l^pe  are  now  being 
vorkef!    over    for    pitchblende.    Since  about 
I  1830,  it  h&A  been  used  for  the  extraction  ol 
I  uranium  oxides,  and  in  1803  works  wore  estab- 
'  lished  by  the  Anstrian  Covomment  for  this 
purpose   at   Juuchimnthai   in   Bohemia.  The 
oxides  were  used  in  producing  rich  velvet-black, 
yellow,  and  orange  colours  in  porcelain  and 
I  enamels,  and  in  the  manufacture  of  the  wdl- 
I  known    fluorescent    uranium    glass.  Limited 
amounts  of  tlie  ore  have  also  b^n  used  for  the 
prei>aration  of  wamom  salts  employed  as 
chemical   rrarrnnts   and  in  photography.  A 
I  more  rwent  application  ol  uranium  is  in  the 

manufactiirtj  of  steel  for  guns. 
I  The  limited  and  uncertain  nature  of  the 
deposits  is  well  illustrated  h\  the  variatioDsi  in 
the  output  of  the  pitchblende  ore.  In  1890, 
Cornwall  and  Bohemia  produced  22  and  25  tooSb 
and  in  1807,  30  and  44  tons  respectively.  After 
the  discovery  of  radium,  the  output  increased 
to  a  maximum  of  103  tons  in  190.5  in  Cornwall, 
and  of  62  tons  in  1900  in  Bohemia.  Sinee  then 
it  has  docressed  to  6  and  8  tons  rc-^jjcctively  in 
1909.  Saxony  produced  oiUy  |  ton  in  1909. 
!  In  Colorado,  the  output  of  pitchblende  has 
varied  between  4  and  20  tons  per  annum. 

L.  .J.  S. 

PITTACAL  I-       on,  DisTn  1  \TiMN-  .if. 
PRTOSPORUM  UNDULATUM  ( rm^.).  The 
fruit  of  this  tree  which  is  indigenous  to  Sooth- 
I  Eastern  Australia  where  it  is  known  t\s  '  mock- 
:  orange*'  yiaids  by  distillation  an  oil  of  an  orange* 
like  od<rar  and  contains  a  hu^e  proportion  of 
limnncnc  heside.s  small  amount.s  of  piiunc  and 
various  esters  and  an  optically  inactive  9€*^i- 
terpent  (Power  and  Tntfai,  Chen.  800.  Tkaaa. 
V.m.  H'),  1083). 

PiTURI.  The  leaves  of  Duboma  Uopwoodii 
(F.  V.  Miill.),  used  as  a  narcotic  (Brestowsld, 
Hnndwdrterbuch  Pharm.  370).  On  distillation 
with  steam  was  stated  to  yield  an  alkaloid,  a 
colourlcs.'*  oil,  I). p.  24.3°,  called  fntnriu.  Kothera 
has  shown,  however,  that  the  only  alkaloid 
\  present  i«  nicotine,  whiob  ionns  2«67  n.o.  of  the 
'  leaves  after  dryiitg  at  60^  (Bioehsm.  J.  1910,  6^ 

mi 

PIURI  V.  Indian  yellow. 
PLACJOCLASF  Fki-star. 
PLANT-SPRAYS.    Spraying  may  i)e  taken 
in  a  wide  sen^^e  to  embrace  the  application  of 
j  solids,  liquids,  or  gasee  to  plants  with  the  object 
'  of  freeing  them  from  insect  or  fungoid  parasites, 
or  of  cleansing  them  from  dead  hark,  and  such 
j  adventitious  deposit  or  growth  as  interferes 
I  with  the  healthy  fanotlons  of  the  plant. 
I 

Soi.TDS. 

Many  liquid  spray-fluids,  or  washes,  cemtain 
aolids  in  suspen.%ion,  but  it  is  only  in  a  (ew 
cases  that  solids  are  used  in  the  dry  stat* ; 
i  in  sttoh  cases  they  are  blown  on  to  the  f^ants  by 
I  means  of  lidlows,  and  the  opemUon  must  be 

porformc«l  while  tho  jilant.s  are  ^^e(  with  dew  or  ■ 
I  mist,  so  tlvitt  tho  solid  may  adhere  to  them. 
Sulphur,  in  tho  form  of  flowers  of  stdphnr,  is 
I  aj>plie. I  f  xtcn-TVf  'y  in  fliis  way  to  hops  for 
.  dei»troymg  nuld<^w  and  red  spider,  and  in  certain 
t  other  oases  it  is  applied  mixed  with  Ume,  The 
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nature  of  its  action  is  at  present  obscure,  but 
moFt  probably  depeads  un  its  being  slightly 
volatile,  for,  when  used  in  hot-houses,  the  most 
RatLsfuct^ry  resnlts  arc  obtained  when  it  is 
painted  on  to  the  hot  water  pipes,  or  otherMrine 
heated.  At  the  saflM  time  its  effectiveness  Ik 
inOKMed  by  the  presence  of  mobture,  though  it 
hattily  seems  possible  that  the  traces  of  sul- 
phuric at'id  formed  under  such  conditioDS  can 
acooont  for  its  action.  Hellebore,  eonaigtigg  of 
tbe  voot-stock  and  root*  of  Veratrvm  olmim 
(Linn.)  ami  T'.  viritfe  {Ai<.)  in  cfTeotivo  in 
destroying  caterpillars  on  gooseberries,  &c. : 
it  acts  cniefly  by  poisoning  their  food,  but 
is  probably  also  injurious  to  them  by  con- 
tact with  their  bodies.  As  it  is  less  poisonous 
than  arsenical  oompoands  and  loses  its  pro- 
portiea  rnpidly  on  exposure  to  air,  it  may  be 
used  with  safety  within  a.  short  time  of  the 
ripening  of  the  fruit.  Pyretbrum,  obtained 
from  the  ground  heads  and  stems  of  Chri/saU' 
themnm  [Pyrcthrum]  roseum  (Web.  et  Mohr)  and 
C.  MnrArfudUi  (A.schers.),  and  C.  (Pyreihrum) 
eituraricBjolium  [(Trav.)  itocc.],  contains  an  oil 
wldeh  appears  to  act  oo  inseoto  only  by  oontaoi. 
Besides  t^ing  used  in  the  dry  form,  it  ia  naed  as 
a  decoction  and  also  as  a  f  omigant. 

A.  Insaetl^es.    For    a   determination  of 

tho  nature  rf  the  in8ectir-i<!<>  wdich  is  likely  to 
be  effective  in  any  particular  ciisc,  a  knowledge 
of  the  life  history  of  the  insect  is  necessary  to 
indicate  at  what  period  it  is  most  vtdncmblc 
and  by  what  means  it  may  best  be  combat^. 
Insects  which  chew  the  leaves  are  best  dealt 
with  by  poisouinf  theic  food,  whilst  others 
widoh  yii&ne  th»  leavss  and  bark,  extraeting 
tlif  juiccii  from  below  the  sm-face,  urc  Ivst 
attacked  by  the  Mplication  of  some  corrosive 
sabstaoce  to  their  bodies.  The  most  effective 
procedure,  where  practicable,  is  to  destroy  the 
eggs  of  the  ioiiect :  for  this  a  corrunive  8ub> 
stance  is  required,  and  snch  can  only  be  applied 
to  tho  i)]ant8  while  thc-t-  are  in  the  dormant 
condition.  Fur  fueilitatujg  insect  eggs  being 
reached  bv  a  fluid,  as  wclf  as  for  recracing  the 
number  of  crevices  in  which  insects  can  deposit 
their  eggs,  the  application  of  a  detergent  wash 
in  the  winter,  to  remove  dead  bark,  moss,  lichen, 
&c.,  from  the  trees  is  an  important  adjunct  to  an 
inseetfeide. 

Many  of  the  most  popular  insectidd.  k  aiul 
fungicides  have  come  into  use  by  accident, 
ana  although  practi<»d  experiments  have  in> 
trodnccd  considerable  improvements  in  thr  tn, 
much  uncertainty  8till  prevails  as  to  the  method 
ol  tlkeir  aetion ;  and  it  ia  romarkal  b  t)>iit  in 
very  few  rasscs  has  science  provided  satisfactory 
substitutes  for  theite  chance  select imis. 

The  chief  dassea  of  insecticides  are  (I) 
vc^taUe  poisons  consisting  of  alkaloids,  (2) 
soft  soap,  with  or  without  excess  of  alkali,  (3) 
sulphur  anfl  sulphiiles,  ( t)  phenol,  (5)  paraffin 
oil,  (fi)  arsenical  componnd-s  (~)  lime. 

(1)  Of  the  v^Ktable  poisons,  hdUAore  and 
pyrethmm  already  been  mentioned,  and 

these  may  be  sprayocl  on  to  the  trw?  in  the  form 
of  a  3  or  4  p.c.  admixture  with  water  or  dilnto 
parafTin  oil  emulsion.  Tf  a  deroclioii  i  ,  u.mmI  it 
should  not  be  boiled.   Quassia  witii  t^uft  soup  iu 


much  used  for  destroyinc^  aphis.    The  wa>h  is 
mado  by  boiling  i  to  3  lbs.  of  chips  of  the  wood 
or  water,  and  adding  ^  to  8  Iba. 


with  10  gaU< 

,  of  soft  soap. 

1       Nicotim  appears  to  bo  by  far  the  most 

;  effective  of  the  vegetable  insecticides.  A 
decoction  of  '  denatured '  tobacco— which 
contains  about  70  p.c.  of  tobacco  mixed  with 
sulphur,  asafoBtida  and  flour — may  be  used, 
but  owing  to  the  great  vanation  ia  the  niootine* 

I  contents  of  tobacco,  it  is  better  to  nse  mootine 
itself.  A  Holution  of  0  075  p.c.  is  very  effective 
for  aphis,  apple  psylia,  &c. :  it  is  well  to  add 
to  the  solution  0-5  p.G.  of  toft  soap. 

It  is  noticeable  that  various  alkaloids,  Kuch 
as  aconite,  hyoscyamine,  nux  vomica,  &c.,  which 
are  highly  poisonous  to  vertebrate  animator  have 
but  little  action  on  insects. 

(2)  Soap  is  generally  u^d  iu  connection 
with  other  substances  as  in  the  instances  just 
mentioned,  but  it  is  also  used  effectively  alone 
for  Idlling  certain  aphides  such  as  those  attack- 
ing roses.  It  is  probal)lo  that  its  action  in  such 
cases  is  due  to  its  clogging  the  breathing  appara* 
tus  of  the  insect :  its  low  sttrfaoe  tension  idso 
enables  it  to  wet  bodies  more^ effectively  than 
other  spray -fluids,  though  it  may  be  re- 
marked, a  similar  action  in  the  case  of  saponin 
does  not  apj'ar  to  increase  the  efTectivene.ss  of 
substances  to  which  it  is  added.  Soap  is  ako 
largely  used  as  ati  ag*  nt  for  emulsifying  paraffin 
oil.  Iti  connect  inn  with  this,  and  especially  if 
alkali  is  added  an  well,  it  ia  u^d  for  the  de^truc* 
tion  of  insect  eggs,  although  its  chief  funo* 
tion  under  sach  circumstances  is  that  of  a 

tletergent. 

(3)  Sulphur  iH  generally  used  in  the  solid 
condition,  as  mentioned  above,  although  it 
ooewdonaUy  is  made  into  a  liquid  wash  with 

water  and  other  i^ubstances.  As-  an  insecti- 
cide and  stiii  more  m  a  fungicide,  the  talphid^t 
{day  aa  important  part.  The  origin  of  their 
use  seems  to  liavo  been  the  !ip])lica(ion  to  trees 
of  a  liquid  Ubud  oh  a  dhoeu  dip,  and  known  as  the 
lime-sulphur-salt  wash  (California  wash)  or  the 
liine-sulphur-MHla-salt  wasb  >re:?on  wash). 
There  are  many  recipes  for  making  these,  the 
more  usual  being  to  boil  together  for  45  minutes 
3  to  d  lbs.  of  quicklime  with  3  lbs.  of  sulphur, 
3  Ibfl.  of  salt,  and  a  limited  quantity  of  water, 
the  resulting  li(|uid  IteinL;  afterwards  diluted  to 
10  gallons.  In  tho  Oregon  wash,  about  1  lb.  oi 
caustic  soda  is  added  in  addition  to  the  above 
materials,  and  the  heat  'generated  mi  adding 
water  to  the  mixture  is  sutticient  to  obviate  the 
application  of  external  heat.  A  wash  of  this 
strength  can  be  tiped  only  on  dormant  trees, 
and  Ih  then  more  etieetivo  when  applied  hot ; 
l)ut  at  a  le.«ser  strength  it  is  now  l>eing  used  on 
trees  in  leaf,  chiefly  as  a  fiiiiLneide,  The  wash 
alway.s  contains  a  considerable  proportion  of 
unaltered  lime,  the  sulphur  going  into  solution 
as  calcium  thiosulphate  and  pentasulphide. 
Tho  latter  undTpoes  rapid  chancfe.  even  in 
^■.l>-^eii<e  (if  air,  fhr  pentasulj^bide  1't("onun^ 
converted  into  thiosulphate  with  the  Uberatioo 
of  sulphur,  and  the  thiosulphate  into  sulpbitc 
and  more  free  siilpKur  :  the  sulphite  ultimately 
iixifirscs  to  siilpliat)-.  Whefy  caustic  soda  is 
used  in  it'^  preparation,  the  sulphur  renets  with 
it  in  preference  to  the  lime.  'I'he  meflmd  of 
opciutiou  of  this  waush  is  uueertaiu.    It  ie>  unctl 
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habitually  in  the  Western  States  of  America  for 
combattiog  Han  ^os6  scale,  and  aecurding  to 
certain  experimente,  none  of  thft  substances 
which  it  contain'',  when  used  separately,  have 
any  effect  on  the  Ktalo  :  according  to  other 
authorities,  a  mixture  <»f  pottiA-sium  sulphide 
and  lime  is  as  effective  aa  the  waah.  It  appeara 
that  it*  action  is  in  part  meohMiloa},  the  sulphur 
deposited  from  it  i  ]i  i  >  the  trees  ghieing  the 
scales  tu  the  bark  andpreventing  tiu}  Qffress  of 
the  young  insect*.  What  ftinotkm  tbo  nit 
performs  is  obscure,  and  according  tu  some 
investigators  it  iimy  be  omitted  without  dotri- 
meot.  Owing  to  the  excess  of  lime  present  in 
it  nnd  to  the  destructive  action  of  solphides  on 
licheu,         tho  wu^  is  a  good  detergent. 

lime  and  sulphur  mixed  with  water  without 
heating  are  sometimes  used  for  aphis,  mitM,  and 
nd  spider,  being  preferable  to  sulphur  by 
itself;  such  a  mixture  always  contains  some 
produots  of  the  reaction  of  thiie  two  subetanoes. 
CUdnm  sulphide  wdutiOD  la  also  need  for  the 
same  purpose,  but  potassium  sulphide  is  pre- 
ferable, as  soft  soap  can  be  added  to  it  without 
eawiog  deoompontion ;  8  to  10  oks.  in  10 
gallons  arc  the  proportions  recomment?od  It 
can  also  be  mixed  with  an  emulsion  of  parafTm 
oil. 

(4)  Pkenol,  either  dissolved  by  itself  in  water, 
or  with  the  addition  of  soap  or  glycerol,  has 
been  tried  as  a  general  insecticide  without  much 
auooess,  but  a  solution  ot  oarboUo  aoid  soap  is 
very  efieotiTB  foe  eertafai  aphides  as  wdf  as 
mildews  of  roses),  and  phenol  figures  as 
ooo  of  the  inijrediontg  of  several  proprietary 
insecticid-:^,-j  v,-).v,-h  are  nOW  in  Use. 

(5)  ParaJJin  oil  was  nsod  for  spraying 
purpases  very  soon  after  it  was  iirst  uijtained. 
The  undiluted  oil  OMinot  be  used  on  trees,  even 
in  the  dormant  season,  without  some  risk  of 
injury,  but  injury  does  not  always  follow,  even 
when  the  ttws  are  in  leaf,  and  it  is  a  very 
satisfaotory  remedy  to  apply  in  cases  {e.tj. 
wooUy  aphis)  where  the  eriMUoation  of  a  pest 
from  a  plantation  of  more  importance  than 
the  possible  injury  to  some  of  the  Ircen  In 
that  case,  a  pneumatic  sprayer  should  1  ■  u  ed. 
which  distributes  the  liquid  in  the  form  of  a 
very  fine  mist.  A  good  quality  lighLing  oil 
must  be  used,  higher  boiling  oils  are  certain  to 
injure  the  trees,  and  so  do  the  more  volatile 
oils  (petrol),  due,  probably,  in  the  latter  case 
t-o  the  cold  produced  by  eviiporatiuii.  Mixture?; 
of  oil  and  water,  unless  quite  dilute,  appear  to 
do  more  damage  than  nndflntcd  oils.  Tlie  ad> 
mixture  of  oil  with  water  used  to  be  effected  by 

Eumping  the  liquids  from  separate  containers 
ito  one  delivery  hose  fitted  with  a  spraying 
nozzle.  It  is  now  more  general  to  emulsify  the 
oil  in  the  water  cither  by  means  of  soft  soap  or 
of  certain  finely  rli voided  solids,  such  as  the  basic 
sulphates  of  iron  or  oopper,  obtained  by  preoipi* 
tating  the  normal  solphates  with  iime-water  or 
milk  of  Hme.  For  plants  in  leaf,  the  proportiuti 
of  oil  should  not  exceed  1^  p.o.,  but  where  they 
are  dormant  6  or  7  p.0.  may  safely  be  used. 
Much  larger  proportions  are  oftoii  used  in 
America.  For  dormant  tn>03  it  is  uduai  U)  add 
to  the  emulsion  2J  p.e.  of  caustic  Hoda,  which 
roakea^  the  wash  a  powi-rful  detergent,  as  well 
as  an  insecticide  as  reganb  the  cgg:^  of  certain, 
insects.   In  that  oassk  a  bsaic  sulpbate  should 


be  used  instea<l  of  soap  as  an  emulsifying  agent, 
although  there  are  special  brauils  oi  mtap  wiiich 
act  fairly  well  under  the  circumstances  ;  those 
containing  a  large  pri)portion  of  stearin  yield  a 
suOideut  supply  ot  small  insoluble  partiaies  Ut 
prevent  total  dC'cmulsification  when  the 
potash  soap  is  flocculated  by  adding  the  8c>da. 
Ebiulsions  of  paraffin  may  he  need  in  conjunc- 
tion with  ii'ost  inseetieidoe  and  fungicides. 

(6)  ArsetUcal  compound*,  I'heae  supply 
some  of  the  most  powerfnl  inseetieides  for  leal- 
eating  insects.  An  aceto  arsenite  of  copper 
(Paris  gnwil),  made  by  the  action  of  arseniouH 
o.xide  on  verdijjpris,  was  one  of  the  fir*it  of  tlieee 
suhstmco."?  to  corre  into  use,  but  it  is  liihle  to 
injure  the  foliage,  the  leaves  i>ecoming  scorched, 
and  often  falling.  This  aoUon  is  intensified  if 
tile  Paris  gref>n  contains  excess  of  arsenious 
oxide,  as  it  often  docs,  and  it  is  well  to  guard 
ag.unst  this  by  the  ad<lit)on  to  it  of  an  equal 
woisbt  of  lime.  Calcium  arsenito,  made  by 
boiling  aneoions  osdde  with  lime,  is  also  used, 
although  more  frequently  in  the  form  of  London 
purple,  which  is  a  waste  product  from  dye- 
worn  and  contains  lH  p.&  m  the  ar^uite.  The 
compound  which  h;is  come  mos*  into  favonr  of 
recent  ycurd,  chiefly  on  account  of  its  causing 
very  little  leaf-scorching,  is  lead  ats^nate,  aldo 
called  gypsiue,  from  its  being  first  used  for  the 
gipsy  moth  caterpillar.  Whtn  prepared  by 
the  precipitation  of  lead  acetate  by  sodium 
arsenate  (I  oz.  of  the  acetate  to  3^  oz.  of  the 
crystallised,  or  to  2  oc  of  the  '  dry  *  aisenate 
for  every  10  gallons)  it  consists  of  the  tri^nmbic 
salt,  Ph,(As()4)a,  bat  when  lead  nitrate  is  used, 
thi»  product  coudsta  chiefly  of  Pb|H,(As04)(. 
Both  Hubstancef*  are  slightly  soluble,  thps  latter 
being  the  mor«  wduble  of  the  two,  and  tlioy  are 
in  a  fine  state  of  divisicm  which  facilit>ites  their 
distribution  over,  and  adherence  to,  the  leaves. 
1'he  insecticide  is  sold  in  th^  form  of  a  paste, 
mixed  sometimes  with  other  m'\terials,  and  is 
preferable  to  the  home-made  material,  inasmuch 
as  it  is  fine  from  the  small  proportion  of  aoetio 
acid  libemted  in  the  ieaetion»  which  tends  tu 
cause  leaf-scorching. 

(7 )  /.tins  hae  been  used  ol  late  yean  together 
with  salt,  as  an  inaecticide  in  special  nsep 
^apple  p.«yliai.  The  lime-salt  wash  is  made  by 
slaking  15-20  lbs.  of  lime,  adding  2-3  lbs.  of 
salt,  1-1  lb.  of  water>glass,  and  maidng  up  to 
10  fl^ons.  It  is  applied  to  tiie  trees,  as  hot  ae 
I"!' 'ssi1)le,  a  few  weeks  before  the  b\ids  open, 
rhc  wash  appears  to  act  partiality  by  destroying 
the  egg 4  and  partially  by  glueing  them  up  and 

f>roventing  the  crress  of  the  insects.  What 
unction  the  salt  performs  it  is  diflicult  to  see. 
Strong  brine  will  destroy  insect  eggs  by  de- 
pleting them  of  tlu'ir  liquid  ronfents,  but  the 
salt  is  hardly  present  in  tliis  wo^^h  iu  suflicieut 
propiirtion  fill  f  iK'li  an  action. 

ii,  Fan&icidw.  Sulphur*  and  the  sulphides 
previously  deseribed,  are  important  fnngiddes, 

the  latter  Ik  in.'  of  special  use  in  the  '•;i>e  of 
surface  motdds  or  mildews.  Phenol  and  the 
salts  of  iron  appear  to  hare  Init  very  feeble 
fungicidal  properties,  an^^  mercnric  chlorido, 
although  of  great  value  m  the  laboratory,  has  not 
been  successfully  applied  to,  plants.  By  ftur 
the  most  im|>ortnnt  fungici>.le  appears  at  present 
to  be  copper,  and  it  has  been  applied  in  great 
variety  of  forms. 
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Tbft  probloms  of  fungicidal  aotioo  we 
complex   and,    at    present,    vrry  obntmtc. 

A  fungus  destroys  its  host-plant  by  the 
dovelupinent  of  mycelium,  or  thread-like 
roofef,  whieli  peoetrRte  aad  break  up  the  nkat 
cells.  As  thoMe  do  their  work  within  the  Dody 
of  the  plant,  they  cannot  ha  reached  by  any 
fiinsicide.  Reimaial  measures  must  depend  on 
killin^j;  the  spores  or  seeds  of  the  fungus,  or  else 
un  protectiug  the  plant  in  such  a  'way  th%t 
fnnguB  spores  alighting  on  it  will  find  conditions 
unsuitable  for  £;ormination.  A  fungus  being, 
like  its  host,  a  plaut,  anything  deleterious  to 
it  is  likely  to  bo  deleterious  to  the  host- plant 
dso,  and  »  aooiching  action  on  foliage  has 
been  fbiind  to  bo  r  generd  oonoomittant  of 
fuugicidnl  action,  altlm  rrh  under  pcrtiiin  weather 
oooiditions  such  damage  does  not  take  place. 
When  a  i^aot  !b  in  tho  oonnant  oonditiou  and  a 
-tr  >tig  fungicide  can  be  used  on  it,  the  fungus 
alsij  exists  in  the  form  of  resting  spores  which 
are  very  rerastive  to  tfMtment. 

For  a  suhstanco  to  be  operative  it  must 
either  be  soluble  to  start  with  or  become  soluble 
daring  nse.  The  inaolnUe  ropper  oompounds 
used  as  fungicides  apparently  become  soluble 
by  the  agency  of  oarlxin  dioxide,  copper  sulphate 
being  the  substance  liberated ;  and  the  evidence 
at  present  seems  to  be  against  the  view  that 
anything  excreted  by  the  fnngns  itself  or  by 
tho  host-plant  acts  as  a  solvent  agent.  Fungus 
spores,  while  aotn^y  germinating,  or  the 
myocBnm  while  in  a  state  of  activity,  would 
1  nhtlrss  excrete  substances  capable  of  di.«!- 
sol  viug  copper  compounds,  and  the  leaves  of  some 
tfeee  (e.g.  the  lime),  certainly  do  so,  as  do  the 
leaves  of  many  other  trees  when  bruised;  but 
no  suck  nctiou  hoa  yot  been  established,  either 
trith  dormant  fungus  spores  or  with  the  sound 
leaves  of  fruit  trees.  The  protective  action  of 
a  fungicide  consists  in  its  forming  a  coating 
on  th<:  leaf,  fjenerally  of  copper  carbonate, 
whicIi  is  slightly  soluhlB  and  which,  therefore, 
prerents  fangus  spores  from  germinating  there. 
But  protection  may  also  occur  tlirou^h  the 
imbibition  of  soluble  copper  into  the  substance 
<rf  the  leaf  itself,  for  it  has  been  riiown  that 
copper  is  thus  absorbed,  becoming  apparently 
substituted  for  the  iron  which  is  noriually 
present  thereui.  It  appears  that  both  the 
lungicidal  and  the  scorching  action  of  8ohi)>lc 
copper  compounds  is  dependent  solely  on  the 
amount  of  copper  contained  in  them,  unless 
the  acid  radicle  present  has  a  fungicidal  action 
of  its  own,  and  the  intensity  of  the  elToct  is 
approximately  a  logarithmic  function  of  the 
sbreogth,  so  that  often  very  little  is  gained  by 
a  eoiwiderable  inerease  in  strength. 

The  u,He  f)f  coj)]>er  oompounds  originated  in 
verdigris  having  been  applied  to  nMuOnde  vine:* 
to  prevent  depvadallons,  nrftb  the  result  that 
such  vines  were  found  to  remain  free  from 
mildew.  Thia  led  to  the  xxtm  of  copper  sulphate, 
to  which  lime  watt  next  added  to  neutralise  the 
acid  which  wa«^  siipposf-d  t^i  be  r^ponsible  for 
the  scorching  produced.  Such  a  mixture  was 
known  as  BonCsanx  mixture,  and  it  in  8till  the 
raoAt  extensively  nsed  fungicide.  The  pro- 
portions of  ingredients  recommended  nave 
varied  largely  at  difTercnt  times,  but  at  present 
it  is  generally  made  with  8  lbs.  of  lime  and  B  lb4. 
of  etqpper  sulphate  to  10  gallons,  and  it  is 


obtained  in  the  most  satisfactory  state  of 
snbdiTision  by  adding  the  sulphate  in  the 

form  of  a  strong  solution  to  the  lime, 
previously  slaked  and  mixed  with  the  bulk 
of  the  water.  The  action  of  lime  on  oopper 
sulphate  results  in  the  formation  of  a  series 
of  basic  salts,  of  which  4CuO,bO,  is  the 
lowest,  and  is  tluit  formed  when  the  lime  is 
just  sufficient  to  precipitate  the  wh(>le  of  the 
copper.  When  the  amount  of  lime  is  increased 
until  the  liquid  becomes  barely  alkaline,  the 
compound  formed  is  10CuO,SO,xCaS04,  which 
is  a  very  bulky  substance,  settling  slowly  in 
the  liquid,  and  very  suitable,  therefore,  for 
spraying.  With  a  still  laxjast  proportion  of 
lime,  Bttoh  as  is  used  for  BMrdeanx  mixture, 
it  ifl  the  latter  body  which  i•^  formed  at 
lirst,  as  the  water  preeont  is  insufficient  to 
allow  the  whde  of  the  lime  to  mot  at 
once,  but  this  excess  of  lime  gradually 
dissolves  and  the  precipitate  is  converted  into 
another  compound,  10CuO,S0„2ChO,  raixiBd 
with  copper  cnprilc,  this  mixture  forming  a 
violet  blue  compact  precipitate,  little  suited  for 
«pr«ying.  Bordeaux  mixture  should,  therefore^ 
be  used  as  soon  as  pw^ible  after  preparation. 
Most  of  the  basic  .sulphates  are  insoluble,  but 
are  de<"oniposeil  by  carbon  dioxide  reproducing 
copper  sulphate,  but  only  in  amounts  represent^ 
ing  a  small  proportion  of  tfajat  used  iu  mating 
them,  a^  is  evident  from  the  equations ; 

lOCuSO^-f  9CaO  =  10CuO,SO,+  9CaS04 

lOOuO.SO  3 + 4  -SCO,   OuSO  <  -f  4-6C«rO  j.Cu  O 

although  the  proportion  hbccatedin  thits  state  is 
found  to  be  considerably  in  excess  of  that  here 
indicated,  the  additional  SOjrequ'red  for  the  pro- 
duction of  the  exccBH  being  derived  from  the  cal- 
cium sulphate,  which  Is  not  present  as  such,  but 
as  an  integral  portion  of  the  basic  sidphate  itself. 
The  copper  sulphate  liberated  acts  direcUy  as  a 
fungicide  in  the  manner  above  indicated,  whilst 
the  oopper  carbonate  formed  supplies  a  pro- 
tective coating  to  the  leaf,  ordinary 
Bordeaux  mixture  (here  h  considerable  excess 
of  lime  present,  which  decomposes  any  sulphate 
as  soon  as  it  is  formed,  the  practiesl  result  iMing 
that  only  2  or  3  ji.e.  of  the  copper  sulphate 
taken  to  make  it  becomes  eonverlod  again  into 
sulphate,  whereas  about  twenty  times  that 
proportion  is  obtained  when  pure  lOCuO.SOj  is 
used,  but  lUu  reduction  in  the  proportion  of 
active  fungicide  in  the  case  of  the  ordmaiy 
mixture  is  partially  counterbalanced  by  an 
increase  in  the  prr)tectivo  carbonate  formed. 
With  ordiniry  Bordeaux  mixture  it  is  only 
when  the  deposit  dries  up  and  liquid  oom- 
mnnicatfon  between  the  particles  of  lime  and 
bade  sulphate  '\<  interrupted,  that  any  copper 
sulphate  is  formed  by  the  action  of  carbon 
dioxide,  ft  seems  too  that  the  sulphate  eannot 
remain  very  long  as  such  on  the  leaves  for  it  is 
gra/lually  converted  into  carbuiiate  by  tho 
calcium  carbonate  present. 

It  h»is  i>een  shown  that  carKin  d 'oxide 
at  tho  low  pressure  at  which  it  normiill;v  exisfn 
in  the  air,  does  n()t  react  "wHth  the  iiasic 
sulphates  so  as  to  liberate  permanently  the 
amount  of  copper  fraTphate  indicated  in  the 
hIx»\  i  cqu  if  ioti^  ;  I  iif  <  arl)on  <lioxide  is  evolv<Hl 
in  large  quantities  from  foliage,  and  the  reaction 
actually  occurring  probably  approximates  to 
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that  indicated.  Jtnlfrinjr  bv  the  funpicitlal 
resuIU),  tho  pmportion  of  ttoluble  copper  lilxTutetl 
from  the  com)>ound  lOCuO.SO,  is  six  to  twelve 
times  that  libcratetl  from  ordinary  Bordeaux 
mixture  cxintaining  the  aamo  weight  of  copper, 
instead  of  twenty  times  as  much,  aa  experiments 
with  pore  cftrlxm  dioxide  suggeotod.  'Hiisi 
mperior  effid«noy  of  lOCuO.SO,  hft«  >t« 
introdiK  l ion  i>i\  to  the  market  in  th»>  furin  of  a 
p&Hte.  The  absence  of  solid  particles  of  lime 
which  clog  the  spraying  notzleaand  the  »ToidMioe 
of  the  labour  of  homo  manufacturf,  an'  ndvan- 
tagofl  claimed  for  it ;  but  important  advantugo 
pcobablyoonsistH  in  the  rednetion  of  the  amount 
of  copper  di.stribut^'d  nvrr  the  land  by  the 
•praying.  SetHlling  plants  htv  nMuarkAbly  sensi- 
tive to  tho  toxic  action  of  i  [  p'  r,  tlie  effect  of 
one  part  of  the  metal  in  10,000,000  of  water 
being  recogrtnaUe  on  barley  aeedlings.  Goppor 
cnrlxmatf  is  soluble  in  rnin  water  to  a  much 
greater  e.\tent  than  this,  and  tho  amount  of 
copper  reaching  the  soil  in  a  single  spraying 
would  be  sufficient  to  convrrt  tho  soil-water  in 
the  upper  nine  inohoi«  into  a  m)Iution  coutamiag 
onou^  Ihe  metal  to  render  it  maricodly  toxic. 
So  far  as  casual  observations  go,  no  deteriora- 
tion of  soil  has  been  observed  as  a  consequence 
of  Ronbaux  spraying,  indicating  that  the 
ultimate  compound  formed  bv  the  metal  muet 
be  a  body  lees  aolnUe  than  the  oarbonate,  bat 
until  more  is  known  on  the  subject  it  is  eminently 
desirable  to  diminish  the  accumulation  of  copper 
fn  the  eott  as  much  as  poanble.  HM-bage  vnder 
trees  may  also  become  poisoned  by  copper 
sprayiiig.  Former  experiments  on  this  point 
hail  indicated  that  no  such  danger  exiited,  but 
an  instance  has  ooeuffed  in  which  a  large  number 
of  sheep  ^vere  killed  by  copper  poisoning  in  a 
gras^  orch.ini  which  had  been  sprayed.  PViiit 
should  not  be  sprayed  with  copperwithin  5  or 
6  weeks  of  ite  ripening. 

Various  dried  Bordeaux  mixtures  are  in  use 
4  as  substitutes  for  the  ordinary  mixture.  They 
oonaiat  mainly  of  the  baaie  tulphato  4ChiO,SO«, 
and  generally  contain  some  soluble  copper. 
Tho  amount  of  soluble  sulphate  libcratc<I  from 
them  by  tho  action  of  carnon  dioxide  is  much 
less  than  that  indicated  by  their  composition, 
the  oomparatiTely  large  pwrtlolee  of  which  tbey 
are  composed  liccoming  encasc<l  in  the  carbonate 
formed,  thus  preventing  the  completion  of  the 
action.  They  are  compaiatively  denf»  powders, 
which  rendieis  them  inferior  aa  epcaying 
materials. 

CJopper  carbonate  itself  is  sometimes  applied 
direct  to  the  trees,  as  a  substitute  for  Bordeaux 
mixture,  and  is  loiown  as  soda  Bordeaux.  It 
is  made  l»y  mixing  1*84  lbs.  of  crystJilli.Hctl 
sodium  carbonate  with  1  lb.  of  copper  sulphate 
to  make  10  or  20  gallons  of  wash.  The  precipi- 
tated carbonate  consist ^  of  .'f 'u0.2(^0 ,,  some  of 
this  (to  tho  extent  of  U  0U3  p.c.  of  copper)  nj- 
maining  lUssolvcd,  while  more  copper  ie  found 
in  solution,  if  either  a  ?niallcr  or  lnr;rer  pro- 
portion of  ^^olllum  carlxiiiate  is  usctl.  a  cupri- 
cark)nat«!  Iieing  formed  hi  the  latter  case.  The 
precipitated  carbonate  soon  becomes  granular 
and  ooropact, chan;,'i r i  c;  into  malachite,  2Oi0.Cf  )j, 
so  that  thti  wash  should  be  uwd  at  once  after 
being  ma4.lo.  Tltu  large  amount  of  copper  con- 
tained in  it  is  adisadvantage,  and  tho  acidaodium 
carbonate,  present  as  one  of  the  products 


of  the  roaotion,  is  liable  to  injon  delionte 

foliage. 

'I'he  addition  of  treacleto  BofdcAux  mixture 
has  been  advocated  as  a  means  of  rendering 
numc  of  the  copper  soluble  and  also  of  increasing 
its  a<l}iesive  ]pvopertios.  If  the  miztnio  it 
made  with  pun  materials,  the  copper  present 
dissolves  in  the  dextrose  of  the  treacle,  cither 
i-ntirely  or  ]):irtially.  accordintr  to  the  propor- 
tions, to  give  a  violet  solution  which  begins 
deoomposing  almost  at  onee  with  the  liberation 
of  cuprous  oxide.  Such  a  mixture  may  either 
,  be  very  rich  in  dissolved  <M>pper  or  may  oonaist 
i  of  notning  but  cuprous  oxide,  and  is  elcaily 
'  vers'  unsuitable  for  a  spray  fluid. 
'  Numerous  other  copper  compounds  have 
been  tried  as  substitutes  tor  Bonlcaux  mixture, 
but  without  much  euooeas.  Several  oi  them  ace 
cuprammoninm  oompoonds  whieh  present  diffi- 
culticM  in  prei>aration  of  definite  strenu'tlis,  and 
there  is  much  risk  with  them  of  the  ammonia 
injuring  foliage.  Copper  sulphate  itself  may 
be  used,  up  to  a  strength  of  O'SS  p^o.  copper,  on 
trees  while  dormant. 

C.  Detergent   wadies.    Lime-washing  the 
trunks  and  main  branches  of  trees  has  long 
been  practised  as  a  means  of  cleansing  them 
and  reducing  insect  attacks.    The  substitution 
1  of  caustic  soda  for  the  lime  produces  more 
I  satisfactory  results,  and  pmnits  of  the  whole 
tree  being  treated  by  spraying.    A  wa.«h  con- 
taining 2^  p.c.  of  caustic  soda  is  recommended, 
and  its  efficacy  is  further  increased,  both  as  « 
I  (ietfrnrnt,  and  .still  more  as  a  direct  in  crtiriflp^ 
I  by  the  addiliun  of  about  6  p.c.  of  ]>araihn  oil, 
',  this  being  emulsified  with  it  by  tho  agency  of 
I  the  basic  sulphates  of  iron  or  copper.    A  recipe, 
the  origin  of  which  is  unknown,  is  very  widely 
circulated,  in  which  about  half  of  the  above 
.  quantity  of  caustic  soda  is  supplaated  by  an 
'  equal  weight  of  potassium  carbonate ;  but  it 
has  boon  pntved  that  the  latter  is  pmcticnlly 
j  valueless  as  a  det«rgent,  and  the  use  of  it  merely 
I  entails  loss  of  money  and  effioieney. 

Gases. 

Hydrocyanic  acid  is  used  in  the  fumigatioa 
of  hot-houses  for  the  destruotion  of  plant 

lice.  &-c.  ;  J  i  dso  u>ed  in  many  countries  for 
disinfecting  imported  nursery  stock,  and  in 

'  California  it  is  applied  to  peach  trees  in  ]^nta- 

,  tions  for  scale,  each  tree  heinp  cov(  red  with  a 

'  t«nt  during  tho  operation.  To  &\  oid  danger  to 
the  operator,  potassium  cyanide  is  wrapped  up 
in  paper,  and  lowered  from  outsfde  by  means  of 

,  a  string  intc*  a  jar  of  dilute  sulphuric  acid. 

'  This  is  not  always  satisfactory,  a.s  the  ])aptT 
sometimes  becomes  converted  into  parchment 

!  paper  and  the  cyanide  becomes  ooated  with 
jxiiassitim  sulphate,  which  arrpsta  the  action. 
A  iK'tlcr  method  is  to  enelMV.(.  the  cyanide  in  a 

I  little  7.inc  canister  made  for  the  jnirpose  and 
place  tho  whole  in  the  acid.  For  each  l(Ht  i  ul>ic 
feet  of  space.  J  to  J  o?..  of  '  lump  '  jxjlii.-%Biuiu 
cyanide  is  used,  and  for  each  ounce  of  the 
cyanide^  one  liquid  ounce  of  acid  previously 
diluted  with  S  to  4  ounces  of  water.  *  Stick  * 
cyanide  contain-  only  40  ]>.*:.  of  {x>tA.ssit)m 
cyanide,  and  proportionately  larger  quantities 
OI  it  must  bo  u.sed.  whereas  if  sodium  Cyanide  is 
taken  (which  a  preferable  on  account  of  its 


Digitized  by  Google 


PLATINUM. 


301 


being  more  easilv  soluble),  the  above  quantities 
must  be  reduced  by  26  p.c.  Hydrocyanic  acid 
is  litiMf  to  aiuse  sonic  injury  t(»  young  plants, 
Mud  in  fumigating  these  tUey  ahould  nofe  be 
ezpoaed  to  tM  direct  «trMBi  of  gM  It  amendii' 
from  the  generating  vessel.  Its  action  in 
destroying  insect  eggs  is  somewhat  uncertain, 
mad  in  AhecMe  of  green- houses  it  is  often  neces- 
>«arv  to  repeat  the  fumigation  nft'«r  a  fortnight's 
iutc'rval,  to  destroy  insects  which  have  hatched 
oat  from  the  eggs.  For  freeing  nvnerv  stock 
from  woolly  aph»,  an  advantageooB  snbstitute 
for  fumisatton  is  to  immerse  the  trees  bodily  in 
water  at  ll^T.  for  10  minutes. 

Sulphuiv  as  already  mentioned,  probably 
«cto  as  an  nwe«tieide  owing  to  its  Tolatnity,  and 
it  is  (»ftt  n  for  fumigating  bouses  ^  v  hi  n ting 
it,  takmg  care  not  to  let  it  catch  (ire.  .Stiiouldcr- 
Jfl^  tobaoov  and  pyfethnun  an*  u>«-<l  in  the 
Mmm*'  wnv.  S.  r.  I'.  P. 

PLASMON.  -Milk  casein  made  soluble  by 
ftllcali^. 

PLASTEB  OP  PARIS  v.  Caloium. 
PLASTIC  CLAY  v.  CLay. 

PLATINOTYPE  PROCESS  v.  Photooraphy. 
PLATINUM.  Bym.Pt.  At.wt.  195-2.  In  the 
group  of  the  plrannm  metab  aro  inelnded 

platinum,  iridium,  rhodium,  pnlladluni,  nil hc- 
nium  and  osmium.  They  are  almost  eatiiely 
obtained  from  the  crude  *  platinum '  which, 
originally  present  in  traces  in  the  older  plutonie 
rocks,  has  Decome  concentrated  in  the  alluvial 
deposits  derive<l  from  their  disintegration. 

Tb»  orade  platinum  is  found  in  these  aUu- 
▼ials  as  wat«r*i«om,  iminded  or  flattened  grains 
or  nuggets  or,  very  rarely,  as  cubes  or  octa- 
hadra,  together  with  brighter,  almost  micaceous 
flakeaof  Uie  alloy  of  iridium  and  oamivm  known 
as  osmiridiiiTTi  t  r  iridoemine.  True  nuggets  are 
extremely  rare,  although  one  from  the  Urals, 
weighing  OTW  250  OC,  is  exhibited  at  the 
Demidoli  museum  in  St.  Petersburg,  and  one 
wei^'hin^'  about  24  oz.  has  been  found  in 
IVdonihia.  Pliii  ill  ir  idium,  an  alloy  of  plati- 
num and  indium,  practicallv  free  from  oamiuin, 
is  mho  oonunonly  aaaodatea  with  the  ordinary 
crude  platinum,  while  native  palladium  oeciirN 
with  native  platinum  and  in  association  or  alloy 
with  cold  in  Brazil,  the  Rqinblie  of  Oolombia, 
the  11 

Ontario,  Wyoming,  A;e. 

Chromite,  magtietite,  ilmcnite,  and  other 
heavy  minerab  which  ooonr  in  serpentineB  and 
other  alteration  produeta  of  the  parent  rocks, 
are  also  found  together  with  gold,  m  association 
with  the  crude  platinum,  but  it  is  ouhous  that, 
although  gold  and  tin  commonly  oecnr  together 
in  alhivial  «leposits  and,  like  the  rare  minerflls 
tantalite,  culumbite,  molybdenite,  monazite, 
A4k,  arc  derived  from  plutonic  rocks  aiatilu*  to 
thrwr  yieldinij  platinum,  they  do  not  commonly 
oc-cur  m  ulluviaUs  which  are  sufficiently  rich  to 
ha  worked  for  that  metal. 

jHatinam  oooun  in  minute  tiaoea  in  most 
ri^er  beds  the  sands  of  whioh  eome  from  the  older 
rocks,  iirid  has  been  found  in  dolomitr .  1  ir\  te.s, 
wollastonite,  and  many  other  rock-tormiiiK 
minerals  |in>dueed  by  the  mctamorphism  o? 
such  ruck's,  and  in  tne  metalliferous  niinrrjil.'. 
associated  with  tbeoi.  The  preiR-nce  i^*f  copper 
sod  iron  in  alkiy  with  platinum  in  most  varieties 
of  crade  piatinom  from  tlie  most  widely  separ- 


ated (listriets  is  interesting,  and  the  fact  that  it 
has  been  found  in  meteoric  iron  with  nickel  and 
in  the  cupriferous  nic  kel  ore.4  of  Sudbury  in 
Ontario  is  deserving  of  apeoial  mention.  The 
actual  oommndally  woilcable  sources  of  pkti* 
num  are  cxtrenu-ly  limited,  and  there  is  no 
reason  to  anticipate  the  discovery  of  any  new 
fields  whioh  are  lifcdy  to  add  materially  to  the 
production  except  as  oy-prodneto  from  smeltiDg 
operations. 

Crude  platinum  commonly  contains  sufficient 
iron  to  be  magnetic,  so  that  it  may  be  separated 
roughly  from  osmiridium  by  a  carefully  regu- 
lated tleetro-mngnetic  separator,  but  tlie 
danger  whioh  exists,  of  removing  |ilatinom  with 
the  magnetic  or  slightly  magnetic  iron  sands* 
&c.,  which  "WfjuM  recjuire  to  be  fir.^t  removed 
from  roughly  dressed  alluvial  by  a  comparatively 
weak  tufgag/b,  is  likely  to  pffcrent  taa  use  of 
eleotn>>magnetic  aepamton  on  a  oonunercial 
scale. 

As  platinum  does  not  amalgamate  with 
mercury,  the  removal  of  native  gold  bom  native 
platinum  is  a  simple  matter,  but  this  very 
fact  re.sult.s  in  the  lost*  of  much  of  tlie  l  ild  r 
motal  in  alluvial  workings  where  platinum 
oooufs  in  small  proportion  as  compared  with 
the  gold  and  is,  in  too  many  cases,  alIowc<l 
to  pabti  tiMfny  with  the  waste  from  the 
amalgamation.  It  is  impossible  to  estimate 
the  extent  of  this  loss,  but  it  is  a  fact  that 
increaiiing  ]>ro port  ions  of  platinum  and  the 
allied  metals  arc  being  recovered  in  the 
refining  of  bullion  obtained  from  alluvial  gold, 
and  that  all  ordhiary  refined  gold  contains 
platinum  and  iridium.  From  this  source  and 
from  the  treatment  of  the  matte  from  the 
smelting  of  Ule  niolcel<hearing  ores  of  Sadho^-- 
where  the  mineral  sperrylite  (jilatinnm  nrsenide, 
PtAsj)  occurs  with  nic  k<  li/erous  pyrrhotiixe — 
of  the  copper  ores  of  Wyoming,  and  of  the  ores 
of  lead  and  silver  M'hich  commonly  contain 
platinum  in  traces,  a  considerable  increase  in 
the  pro<luction  of  the  platinum  nutals  may  he 
hoped  for;  but  there  is  no  reason  to  expect  any 
material  increase  over  the  present  alluvial 
nut  put,  and  no  ore  in  situ  rich  enough  in  plnti- 
num  to  justify  direct  treatment  for  its  recovery, 
has  yet  been  discovered.  The  fact  that  plati- 
num cannot  be  ftmal;ramnte<l  with  mercurj'  or 
profitably  extracted  by  alkaline  cyanide, 
renders  it  impossible  to  treat  platiniferous  ores 
similarly  to  gold  oree.  even  if  they  occurred  to 
the  same  cx^t  and  were  of  the  same  riohnoss 
as  the  lattvr.  In  tin.'-  conncctiun,  it  may  bo 
stated  that  the  United  States  Geological  Sitfvey 
Report  on  the  Production  of  Platinum.  Ac.,  for 
KMC.  L■^•timated  the  production  df  platinum  in 
the  United  States  front  the  refining  of  bullion 
in  1010,  as  about  500  oz..  a  large  increase  on 
the  recovery  from  that  source  in  1(K)9. 

Selected  platiniferous  nickel  ore  from  Sud- 
bury and  tne  copper-nickel  matte  obtained 
from  the  amelting  of  the  ore,  have  Ix-cn  treated 
bv  the  Itert  Oiford  Copper  Company  m  the 
Lnited  States  and  liy  others,  for  the  extracfion 
of  platinum  and  the  allied  inetak,  and  there  in 
good  reason  to  hope  that  a  substantial  increase 
in  their  ]>r< .ditrtion  will  he  obtained  ibcom  this 
and  »<iuulur  sources. 

It  im]iosisihle  to  obtain trostworthy  atatir- 
ties  as  to  the  total  world's  produotton  of  either 
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orade  or  xefinod  platinan.  The  official  figuie  for 
RmBbn  production  of  ende  ^atinnm  m  191 U 

is  17^,710  oz..  hut  if  in  stated  that  tlu-  uctual 
production  wa«  about  276»(X)0  oz.  and  it  hem 
even  been  given  as  over  300,000  oz.  In  other 
countries,  the  statistic;;  commonly  include  much 
old  platinum  which  Ii&h  been  worlced  up,  while, 
in  iome  omw,  part  of  the  official  figtures  are  for 
real  j^iinum  and  others  for  crude,  t.e.  for  raw 
alluvial  concentrate  yielding  anything  between 
60  ji.c.  and  80  p.c,  of  platinum  with  per- 
haps 10  p.0.  of  other  metals  of  the  platinum 
group. 

The  folio winp  figures  issued  by  the  United 
imitates  Geological  Survey  in  November,  1911, 
indnda  probably  the  most  accurate  estimates 
of  the  production  of  the  principal  producers  in 
1909  and  1910.  The  production  i.s  givun  iu 
troy  ounces  of  crude  platinum  (which  may  be 
talnn  as  roughly  contamingTO  p.c.  of  platinum), 
avoapt  in  tl^  cade  of  the  united  States  matte 


and  bullion,  where  the  figoies  given  natnxaily 

refer  to  refined  platinum  ^— 

1009  1910 

iiuiiiia        ....  264,000  27ii,omJ 

Republic  of  Colombia  .        .     6,000  10,000 

United  States*  domestic  crude  072  390 
United  States.from  foreign  and 

doiucc^tio  matte  and  bullion       600  1000 

Borneo  and  Sumatra    .      .       fiOO  200 

llew  South  WaiM       .      .      440  332 

Ouiada      ....        30  30 

ST^Stt  386^902 

The  folio  wiufr  analyse-'^  are  .sufficiently 
typical  to  indicate  the  gcnera.1  charact<:r  of  crude 
{UatilMllll,  Sec.,  from  various  locaUties.  They 
are  eomcwhat  old  (the  first  five  being  by  Devillo 
and  Debray)  aud  the  ruthenium  has  been 
ignori-d  except  in  the  case  of  the  osmiridium, 
but  they  axe  {cobably  a«  tnutvorthy  as  any 
whidh  Mve  been  pubUshed 
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The  purest  nugget  yet  analy.sf!  f  .retained 
86-5  p.c.  of  platinum.  They  uauuiiy  contain 
between  70  p.c.  and  86  p.c,  iron  being  the  princi- 
pal impurity,  although  copper  is  invariably 
present.  In  one  nugget  from  the  Urals,  19-6  p.o. 
of  iron  has  been  found. 

Crude  platinum  is  separated  from  alluvials 
by  ofdinary  hrad  sluicing  or  dredging  opera- 
tions, and  may  be  regarded  as  a  by-product  in 
gold  dredging  in  the  United  States,  Canada, 
volombia,  and  many  other  districts,  and  as  the 
main  product  in  the  Urals  which,  from  five 
districts,  is  stated  to  produce  ulnjut  95  p.u.  u£ 
tlie  world's  output.  In  the  Urals,  about  80  p.c. 
of  the  total  yield  is  at  present  obtained  by  hand 
slnioing,  but  dredging  is  likeh-  to  largely  sup- 
plaTit  hnn<l  work  in  the  near  future. 

The  metal  occurs  in  an  erotled  puridotite 
covering  a  large  area,  hn\,  although  increased 
flctivily  has  arisen  through  the  rise  in  the  price, 
producliuu  IS  almost  stationary,  and  any 
mcrease  must  be  dependent  upon  diedging 
operatioiui  dealing  with  dcpositd  too  poor  to 
permit  of  treatment  except  on  an  enormous  ' 
BCJilc  and  under  more  iconittnieal  ennditu<ns. 
A  large  prt>j>urtion  of  the  total  production  is  i 
snuigpled  across  the  frontier,  sad  it  is  bdieved 

thai  tilt-  of11(  iiilly  <  i Ttifu  d  oTltput  nf  176,716  OZ.  ' 

of  crude  piatmum  tor  19lu,  should  bo  increased  j 


by  at  least  100,000  07.,  to  allow  for  BUCh  illieit 
aud  other  additional  production. 

It  has  been  stated  that  the  alluvial  treated 
in  Russia  averages  bet\^een  30  and  35  grs.  of 
crude  platinum  per  ton,  but  this  probably 
refers  to  the  material  actually  va.<hed  by  hand 
labour  and  ignores  the  overburden  which  has 
first  to  be  removed.  *  It  is  probable  that  the 
material  actually  handled  averages  under  one- 
third  of  that  auioiwt,  or  well  under  one  part 
per  million. 

Apart  from  Ru.s.sia,  the  niodt  important 
producer  is  the  republic  of  Colombia  wujch  in 
,1909  yielded,  from  two  districts  on  the  Pacific 
side  of  the  state*  about  6000  and,  in  1910,  about 
10,000  crude  ounces.  The  output  of  platinum 
in  Colombia  in,  however,  so  stnail  in  comparison 
with  the  gold,  wliich  constitutes  the  main 
value  of  the  alluvials,  that  the  industry  has  not 
hitherto  been  regarded  of  especial  inii^ortancc, 
although  the  total  production  to  date  iu  stated 
to  have  exceeded  half  a  million  ounces  of  crude 
pUtinum  and  although  platinum  was  obtained 
m>m  Colombia  or,  at  any  rate,  from  South 
America,  nearly  a  centuiy  before  it  mM  dis- 
oovered  iu  Russia. 

In  1819,  grains  of  a  white  metal  were  found 
in  the  auriferous  gravels  of  the  Ural-,  and  in 
1823,  the  metal  was  proved  to  bo  platinum. 
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Ecom  1825  to  184^  the  Ruaaiaa  Govenuneat 
ftbaorbed  «0  the  output  fot  their  ooini^  but 

ill  that  year  such  coinage  was  discontinued,  and 
a  heavy  fall  ocoorrcd  in  the  price  previously 
oonmanded  by  Oolombian  platinum  und.  until 
recently.  jtlntir.TTm  !ia.s  only  been  producc*<l  in 
South  Aiii(.iio<i  by  natives  operating  with  the 
CfOdest  a])pliaucc«  and  only  wheo  DeoetHHy 
ooinpelled  them  to  work. 

The  platinum  industry  is  practically  con- 
troUed  by  three  firms,  Johnson,  Matthey  and 
Co.»  of  London;  Ueraeua  and  Co.,  of  Hjanau; 
and  Qaemiesaeii  de  Belmont,  Legendre  »nd  Go., 
of  Pari.s,  who  pumhaso  and  refine  practieully 
ail  tho  Kuffiian  output  and  a  large  proportion 
of  the  small  quantity  produced  elt^owhere.  It 
IB  true  that  two  timus  in  St.  I'eter.shurg  rt-fine 
between  (MXX)  and.  10,UtX>  oz.  yearly,  and  that 
between  6500  and  6000  oz.  is  obtained  yearly 
in  the  United  States  from  home  and  imported 
crude  ore,  matte  and  bullion,  but  the  whole 
forms  an  <  xfremely  email  pii  jxiri  it  r:  of  the 
world's  output  of  neariy  2UU,000  oz.  The 
otiwr  metala  of  the  plattanun  group  are  present 
only  in  -mail  proportion,  and  their  recovery, 
QOtwithi>taudii)g  .their  importance  and  high 
rket  Talue,  is  entirely  dependent  on  the 


amount  of  crude  platinum  obtained  by  the  miner 
or  eoacentratcd  by  the  smelter,  and  the  skill 
with  which  it  is  worked  up  by  the  metallurgist. 

It  ia  interesting  to  note  thatliessra.  Johnaoo, 
Uatthey  and  Gb.,  who  intradneed  antogenoos 

soldering  with  the  ox^'-hydrogen  blowpijx"  and 
who  are  still  the  largest  refiners  of  the  metal, 
wsie  tile  first  to  engage  in  the  industry  as  a 
oommercial  oritirprise  and  have  throughout 
beoi  the  most  active  in  introducing  improve- 
ments in  the  nietallurgical  and  chemical  treat- 
ment of  crude  platinum,  in  producing  the 
various  platinuui  mot-als  in  a  state  of  punty  or 
as  alloys  of  definite  composition  and  for  yj^'cial 
uses*  and  in  geoeraUy  developiDA  both  the 
oominerBial  ancTBrieatiflo  sidee  <»  the  industry. 
From  the  point  of  \icw  of  the  analyst  and 
phyaicisty  probably  no  rare  metals  are  of  such 
UBportanoe  in  their  work  or  so  difiBoolt  to  obtain 
in  a  condition  suitable  to  their  requirements. 

At  the  clu&e  of  the  eighteenth  century, 
Ifsnggraf,  Achard,  and  otben  tmpared  a  |riUiti- 
nnm  crucible  by  igniting  an  alloy  of  platmnm 
and  aisecuo,  and  hammering  up  tho  mass  of 
,^nmlleable  platinum  thu.s  left  and,  for  .'Mjmc 
years  from  1787,  Jeanety,  a  workiiig  silver- 
smith, employed  the  method  oommeroially  in 
Pari".  The  nh  1  il  vnis,  howTver,  very  impure. 
It  failed  to  wuiistand  iiigh  temperatures  and 
was  onsatisfjietory  for  the  fusion  of  alkaline 
carbonates.  Tli.  pn  t  ipitntitiii  of  the  double 
chloride  of  pi.inrijni  uui  ammonia,  and  the 
in  it  of  ill'  re<l  iridium  salt,       i  e 


>wn  even  at  that  period,  and  Cotmt  Pusch- 
Idn,  Vioe-Plrnrident  of  the  Department  of  Mines 
of  St.  Pef  en^burg.  referred  to  it  in  1797  as  well 
known  and,  at  t^e  same  time  or  a  year  or  two 
later,  suggested  the  use  of  the  precipitate  as  a 
means  ol  preparing  pure  platinum  after  first 
converting  it  into  an  amalgam  with  mi^rcury. 

Between  the  years  laOO  and  1808,  Thomas 
Cock,  a  relative  of  a  grand.a;f.n  of  the  founder  of 
the  firm  of  Johnson,  Matthey  and  Co.,  elabor- 
ated the  method  of  dissolving  the  crude  metal 
{n  aqua  rtgia,  precipitating  it  as  tlie  double 


chloride  of  platinum  and  ammonium,  and 
igniting  Uie  washed  precipitate  to  spongy 

platitnini  under  oonditionb  which  render  it 
suitable  for  being  hammered  and  worked  up 
into  cnicibleSf  Ac.  This  process,  \\  hi(  h  wss 
afterwartlfi  commonly  known  as  WollastonV,  on 
account  of  his  having  desuribed  it,  with  many 
imjprovements,  in  the  Bakerian  lecture  for  1828, 
is  fully  described  in  many  works  on  Chemistry, 
and  is  the  basis  of  all  present  methods  of  re- 
fining platinum.  The  |natinura  thus  ol»r  lii.'  <1 
may  contain  as  much  as  2  p.c.  of  indium  with 
traoes  (Kf  other  of  the  ptatinnm  melab,  and  is  at 
least  as  good  for  ordinary  purpo-se.s  aa  pure  plati- 
n\im.  The inbuiublu  matters  left  by  tho a^ua re^'a 
treatment,  contain  osmiridium,  and  various 
impurities,  such  as  chromite,  zircon,  spinel,  &c., 
origiuaiiy  present  in  the  crude  platinum,  while 
the  mother-liquor  from  tho  double  platin- 
ammonium  preeipitate  contains  most  of  tho 
rhodium,  palladium,  and  ruthenium,  together 
with  a  small  pn)p<jrtion  if  i  lie  iridium  and 
osmium.  The  insoluble  matter  and  the  mother- 
liquor  are  both  wmfced  np  for  the  separation  of 
those  mf  ta!-.  sis  stntcd  later. 

The  impcirtant  and  aicre.miig  production  of 
the  platinum  motalfl  through  concentration 
during  the'  bessemeri.sation  'and  final  eh  <lrolytic 
treatment  of  copper  ores  and,  particularly,  of 
the  matte  obtaineid  from  tho  niclcel-copper  ores 
of  SudhiiKy,  Ontaiio,  and  from  the  aisenioal 
eohalt  niokel  ores,  sssoeiated  with  natiye  silTer 
in  fhe  Cobalt  district  of  Ontario,  has  already 
been  mentioned.  These  and  other  metal- 
lurgical operatiotts  in  whioh  the  preoiona  metab 
become  naturallv  concentrated  in  a  yircduct 
requiring  iiiial  electrolytic  purification  or  acid 
treatment,  are  tho  only  ones  from  which  any 
substantial  increase  in  tho  output  can  be 
expected,  but  they  are  sulTioientfy  promising 
to  deserve  .special  attention  from  both  metal- 
lurgist and  chemist,  liotmstwoithy  information 
is  available  as  to  the  enot  procedure,  but  it 
appears  to  be  mainly  confinea  to  the  treat ment 
of  the  anode  mud  obtained  during  the  final 
electrolytic  pnrifioation  of  the  metals  or  th» 
residue  left  Dv  the  arirl  oi*  other  treatment  of 
the  matte.  The  '  mud  '  or  rci>iduo  contains  the 
gold,  silver,  and  platinum  metals  together  with 
selenium,  bismuth.  &c.,  and  is  melted  down 
and  refined  by  ordinary  chemical  processes. 

In  1910,  over  21(.KJ  i  /  vi  palladium,  in 
addition  to  1000  oz,  of  platinum  and  aa  un- 
known amomit  of  iriohim,  rhodium,  and 
ruthenium,  were  produced  in  the  Uni(<'d  States 
from  tho  treatment  of  bullion  and  matte,  the 
latter  of  which  was  laigely  obtatnsd  from  the 
Ontario  or*->'. 

Platinum  is  a  ini  wliitc  metal,  harder  than 
copper,  capable  of  taking  a  high  polish  and* 
vrhm  pure,  making  next  to  gold  and  silver  in 
maUeaDility  and  duotiUty.  Its  fip.gr.  is  21-46 
(G.  Matthey).  Tf  nult.s  at  1710° -^.-,0°  as  d.  t.r- 
mined  with  a  resistanoc  pynmieter  f»y  Uarkcx, 
or  at  al)out  1763*  as  detennine<i  with  the  optical 
p^Tomcter  by  VVardnrr  and  BurL'c.s.s.  It  is 
Htatcd  by  Knocke  to  commence  to  volatilise 
in  vacud  at  540^  while,  according  to  Hulett  and 
Berger,  volatilisation  conimcnees  at  800"*  in  air, 
but  df>e«  not  occur  in  the  abiMmce  of  oxygen. 
Tho  extent  of  such  volatilisation  it*,  however, 
still  doubtful  and,  under  normal  conditions,  is 
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a  matter  of  only  slight  tcchim  nl  importance,  i  The  power  of  pjatmum  (releirtd  to  ialer)  to 
exccut  in  bo  far  as  it  ©inphaM<(  s  tin-  neoeediy  I  occlude  cases,  han  doubtless  much  to  do  with 
for  cleanliness  of  iiton^jilis  an«i  sjm cml  c.iro  in  the  ihv  hrit tTcm  wliicli  the  nwtal  acquires  if  used 
method  of  heating  and  lu  oiiiiuring  pierlect  com-  \vithuut  due  l  an  :uid  Mitbotii  trcquont  burnish* 
boitioin  of  the  fuel.  'Jlio  1ok8  ex]ierienced  with  ine  to  overcome  the  poro^^ity  which,  at  firHt 
pure  platinum  vessels  at  the  strongest  heat  to  only  superficial,  gradually  extends  to  the 
which  they  are  ordinarily  subjected,  is  knomi  ,  interior,  if  not  overcome  bv  frequently  rubbinf 
to  be  ncffligilik',  althouj;li  Moi«san  lias  vulatilise<l  down  tlu-  .>urfacc.  Acid  salt«  and  pure  unmixed 
it  and  toe  other  platiaum  metoJa,  in  the  ejbctho  |  aoidit  aro  pnustioally  witbout  •otion  upon  it, 
fttniBoe.  I  and  the  denuuid  for  {datinvm  for  ralplnirio  mcid 

The  cxiwmsion  of  )ilatinum  when  hcatrd,  is   txincnitratioti  lias  acccuuittd  in  the  jw.st  fur 
less  than  that  of  any  otlier  single  metal,  its  j  the  locking- up  of  more  of  the  metal  than  anj 
ooeffiotent  of  linear  exfMtukm  being  HJOOOOdO?  I  otiMir  use.   Tbt  fint  large  piece  of  i^tinom 
at  60*  acronlinp  to  Fizeau,  or  'OOOOUSO  at   apparatus  fnr  this  purpose  wju?  niadi-  \>\  Mt  sstB, 
1000"  accunitng  to  Le  Chatelier.    This  expan-  ,  Johuooii,  Mutthey  and  Co.    It  was  capable  of 
akm  being  about  equal  to  that  of  ordinary  glaaa,  {  holding  300  lbs.  of  Bulpirario  aeid  and  \ras  em- 
has  rt-sultfd  in  the  nse  of  platinum  for  a  large   ployed  over  a  hundred  years  apo  hy  Sandman 
%'Hnety  of  electrical  purposes,  and  there  is  a   in  the  Borough.    Since  the  PdrLs  EiiiibiHuii  of 
constant  increase  in  tno  gross  consumption  for    1856,  when  the  makois  exhibited  a  gold-lined 
the  leading'in  wiros  of  efeotho  lamps,  although ,  platinom  atill,  Mr.  J.  &  Selhm,  one  of  the 
improvements  in  the  oonstniotion  m  the  lamps  !  direcfors  of  tbe  firm,  haa  superiiiteoded  the 
themselves  have  rc-^iiltt-d  in  less  platinum  N  ing    manuf  h  '  ir<-  of  hundred.s  of  stiUa  agp^gatiog 
•  employed  per  lamj^.   foi  the  same  reason,  t.e.  nearly  iiO.UOO  oz.  in  some  years, 
. '   beoniae  ita  ozpanaion  is  sboat  equal  to  that  of  *      Of  late  ymn  platinum  has  been  largelN 
I      the  material  of  which  the  best  artificial  terth   renlactil   in  sulphuric   atid  ronrvntration  by 
j     are  made,  very  large  quantttiei.  of  iilaiiuum   gold,  and,  more  recently,  by  silica-glass  or,. 
I  •  afe  used  in  dentistry,  in  addition  to  iti^  employ-  I  where  the  presence  of  traces  of  iron  is  unim- 
I  '   ment  in  alloy  with  siher.    Its  hii:li  mt  ltiiig-    pirtant.  by  vessels  of  specially  re-istant  alloys 
jxiint  and  great  electrical  reniiituuce,  and  lliu   of  iron  and  silicon,  such  as  *  tant-iron.'    it^  use 
abience  of  oxidation,  render  it  the  beet  medium  ;  in  dental  alloys,  although  always  large,  becotttOB 
for  localising  the  heat  and  economising  the  1  sabstaatiaUy  reduced  when  the  price  rises,  so 
current  in  electric  furnaces  forseieatific  purposes  |  thAt  muoh  of  the  metal  which  would  otherwise 
where  efVieieiK  y  and  convenience  ue  more  im«    become  permanently  lucked-up,  is  releaM-d  for 
portant  than  saving  in  cost.  other  uses;  while  the  employment  of  platinum 

Although  the  most  usefnl  of  all  metds  for  and  its  alloys  for  self-lighting  lampA--«ik 
general  scientific  purposes,  it  is  attacked  by  extremely  old  use  which  became  agaui  fashion- 
many  reagents  which  would  scarcely  be  exiK-cted  able  during  the  last  decade — has  apparently 
to  have  any  action  upon  it,  and  the  greatest  been  finally  given  uji  in  favoorof  spirit  lamps 
care  is  essential  in  it-*  use.  Practically  all  other  '  ignited  by  the  spark  from  a  p\Tophoric  alloy 
metaiii  wdl  alloy  wiih  it,  and  all — cxeepting  containing  cerium  and  acting  like  tiint  and  steel, 
certain  of  the  other  platinum  wiai-Altf — lower  On  the  other  hand,  the  use  of  platinum  blaok 
its  melting-point.  For  this  reason,  no  metal  or  as  a  catalysing  t^^ent  (as  referred  to  later)  in  the 
metallic  compound  in  presence  of  a  reducing  manufacture  of  sulphuric  acid,  is  increasing 
agent  should  be  heated  in  it,  nor  should  cyanides,  rapidly  ami  is  causint;  the  locking-up  of  a  further 
sulphides,  or  arsenides,  or  arsenates  or  phos-  large  quantity  of  the  metal;  whik  its  use  ia 
phatee  (in  pneenoe  of  a  reducing  agent  or,  eleotrooohemistry  and  pyrometry  and  in  Hie 
praetically  8l>eaking,  nnder  any  circumstance)  Hpurldng  plups  of  exjilosion  entjincs,  and  the 
oe  heated  in  it.  Cam^tic  alkalis  or  alkali  ,  collectively  large  and  constantly  increasing  use 
nitrates  or  the  alkaline  earths  or  peroxides  or  of  small  pieces  of  platinum  apparatus,  add 
per-8alt.H  generally  should  als^i  not  be  fused  in    largely  to  the  deniand. 

it,  as  they  attack  and  partly  dissolve  the  metal  |  I'erhapti  the  mo^l  rft  riuus  and  almost  per- 
as  well  as  tend  to  render  it  permanently  brittle.,  manent  loss  of  platinum  is  in  the  enormous 
The  action  of  many  salts  and  mixtures  of  ,  consumption  in  dentistry,  which  is  stated  to* 
salts  on  platinum  in  wjmewhat  obscure.  Fused  account  for  over  60,000  oz.  aiuiually.  An 
ammonium  sulphati*  or  the  halogen  salts  of  the  increasing  amount  is  used  in  jewellery,  and  at 
alkali  metais  have  little  or  no  action  upon  it,  |  least  two-thirds  of  tbe  iaige  quantity  employed 
but  a  misetmre  of  this  sulphate  with  ammonium  I  in  the  lamp  and  other  eleetrieal  industricA  is 
or  potassium  bromide,  (orn-'h  s  it  rn])idl\-.  '  ivrmancndy  lost.  The  plat inoty]>«'  pn)cess  of 
The  alloys  of  platinum  and  iridium  aro  more  |  photography  and  the  use  of  platinum  salt^  in 
resistant  to  ignition  and  to  oorrosion,  Ae.,  by  j  theproduotionof  permanent  oolonrs  for  pottery, 
rf^apciif s  lluin  jiure  ],lAfinnni.  hut  it  is  stated  Slc,  aha  account  for  an  increasing  and  very 
that  platmum  vensels  cotitaiuniL,'  3  or  4  p.c.  of  considerable  portiiancnt  loss  of  the  metaL 
iridium  are  mors  liable  thatt  ]>ure  platinum  to  The  ]K>wer  of  al>sorbing  gases,  possessed  by 
form  a  cnvering  of  soot  from  illuminating  pas  platinum  has  found  a  number  of  both  purely 
an(i  to  bo  more  c<jrrodod  thereby.  The  ncces-  seientitic  and  uonuiiercial applications.  Altliough 
sity  for  eare  in  ensuring  perfect  combustion  maasive  platinum  has  the  power  of  absorbing 
when  usinp;  water-gas  or  gas  (xintainins  carbon*  gases  and  is  even  porous  to  them,  the  value  of 
monoxide,  is  well  known,  although  the  oause  the  metal  in  this  oonneotion  is  mainly  seen 
is  not  clear.  It  may  possibh  he  ihie  in  (some  wlu'n  it  is  in  the  form  of  ^i>onL'v  iilatinura  or 
degree  to  the  presence  of  iron  carbunyl  as  well  platinum  blaok.  Solid  platinum  will  absorb  3*9 
as  to  the  imperfeet  oombustion  of  the  carbon  i  volumes  of  hydrogen  gas  at  a  red  heat,  and  the 
monoxide.  '  gas  will  pass  through  platinnm  tubes  at  bright 
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redness.  The  fact  that  mnny  other  gases  iwid 
vapuura  aru  similarly  adsorU-d  or  occluded  by 
this  metal,  has  been  taken  advantage  of  in  the 
olow-lftmp  of  Dmrymad  the  fauDp  of  Ddbereiiker. 
Ta  eMli,  the  ainniHftneoQS  oouaman  of  m  oom- 
bustiblo  gaa  or  vajKnir  and  oxygen  from  t  he  air, 
brings  the  two  into  sach  intimate  contact  aa  to 
indiioe  imiiiediate  eorabination.  The  heat  of  the 
combustion  in  tho  '  jxires '  of  thn  metal,  causes 
iucandescenoe  of  the  wire  spiral  in  the  oaae  of 
the  lamp  of  Davy  or  of  the  pletinum  ■ponge  in 
the  Dobcreiner  lamp. 

By  careful  adjustment  of  the  conditions, 
either  complete  <»r  jwirtial  oxidation  may  ])o 
•ttainedy  ami  many  oxidation  fwooeeses  may  be 
OMTied  out  atrtomatioally  with  suitably  pre- 
pare*! plat  in  jm.  One  of  the  earliest  t  i  l>o  trie<i 
on  the  commeroial  ac&lti  was  the  cou  version  of 
akohol  into  acetic  acid. 

Thr  preparation  of  platinum  sponge  and 
phiimam  l>lack  for  catalytic  purposes,  require* 
care  and  experience.  For  the  manufacture 
of  the  former,  the  doable  chloride  of  platinum 
and  ammonintn  is  ignited  to  drive  off  the 
ammoniura  chloride  and  the  chlorine  combined 
with  the  platiuom  at  the  lowest  possible 
tonpmtom,  so  thet  the  sponge  shall  retain 
the  maximum  surface;  or  aslx-stow.  pumice,  or 
other  porous  material  may  b»  baturated  with 
pietinogi  chloride  and  ienited,  so  that  a  still 
larjrT  surface  is  exposed.  Platinum  black,  a  ' 
far  more  active  form  of  the  metal,  is  obtained 
a.s  a  finely  divided  residue,  by  treating  alloys  of 
platinum  and  soluble  metals  with  dilate  adds ; 
or,  better,  by  preci|ritating  the  platinnn  from  a 
weak  solution  nf  (he  chloride  with  a  reducing 
agent.  Platinum  blaok  is  capable  of  absorbing 
over  80O  timee  its  voloue  of  oxygen,  a  portion 
of  which  ^pp-^rs  to  enter  into  comhiT-ntioii  as 
platinum  hydroxide.  It  forms  an  extremely 
poWBfful  oxidising  or  catalysing  agent  and  is  fre- 
quently u«ef!  as  such  in  organic  chemistry,  but  it 
rapidly  ludcs  a  portion  of  itti  activity  and  becomes 
denser  and  of  the  nature  of  spcjii^ry  platinum. 

Ihe  (mly  lane  scale  catalytic  process  in  t 
which  platinnni  is  employed,  w  the  *  oontaet  *  [ 
proee^.''.  in  which  ulf  lniric  acid  is  manufactured 
direct  from  a  mixture  of  sulphuroun  acid  gas 
•Old  nir*  T^s  jn-ocess*  although  long  known, 
was  not  employed  commercially  until  a  demand 
arose  h)r  the  strongest  possiblo  sulphuric  acid 
f9r  the  mannfaotaie  of  dyee»  eznloM voe,  &c.  The 
cost  of  evaporating  the  weaK  acid  from  the 
lead-chamber  process  or  of  proparin^  Nord- 
hausen  acid,  and  the  increa.ting  recpiiremcnts  of 
tlie  trade  led,  however,  to  such  improvements 
thnt  'eonteot*  a<»d  ean  he  obtained  ol  any 
necessary  strength  in  terms  of  SO9  dlnolved  in 
HjSO,  (r.  ScTLPnirBic  acid). 

The  difficulties  due  to  the  rapid  ftl11ing<off 
in  thr'  activity  of  the  sponpy  platinum  employed 
a8  the  cafulyser,  have  now  been  largely  over-  , 
como.  and  the  worlcing  up  of  the  exnauMt<>d  { 
metal  into  fresh  sponge  has  been  simplified.  The 
fact  that  arsenic  rapidly  *tick»ns'  the  platinum, 
1       I  dcred  it  nccc-Hni  ',   Im  remove  that  im- 
purity from  the  sulphuroun  acid  gas  before 
oxkliMtion,  end  the  sneoesi  which  has  attended 
-inch  tn  atmf^nt  has  reHulted  in  the  production 
of  act<i  remarkably  free  from  arsenic  and,  at 
(he  same  time.  aOowed  the  use  of  pyrites  more  . 
arscnt'-  il  Mtan  was  previonsly  psrmiHiUe.  I 
Vol.  r. 


Such  puri6oation  is  largely  eflfected  by  the 
use  of  iron  oxide  which,  while  removing  arsenic 
with  formation  of  ferric  arsenate,  oxidise.s  much 
of  the  sulphurous  aeid.  Many  other  cata^aen 
have  been  employed  with  snoeoen,  hot  none 
resultmao  complete  a  conversion  of  the  sulphur 
dioxide  into  the  trioxido  and,  even  when  thej 
ece  employed,  the  aid  of  spongy  platinum  is 
generally  required  for  the  oompletion  of  the 
reaction. 

The  eleotrolytic  action  induced  by  the 
presence  of  a  minute  trace  of  platinum  has  a 
remarkable  effect  in  promoting  the  solution  of 
many  mctaLa  in  acid  or  other  solvents,  and  in 
increasing  their  activity  as  reducing  agents,  fto. 
As  plathram  »  so  leadily  ledneed  ay  metiihi, 
the  HfMiti  tn  of  a  few  drone  of  platinum  chloride 
to  the  solution  in  which  tha  metal  lies,  will 
often  suffice  for  a  large  quantity  of  metal  a*  a 
negligible  cost,  so  that  the  application  of  thin 
property  which,  although  well  Icnown,  has  not 
yet  been  commcroiaDy  employed,  ie  w^  de- 
senring  of  attention. 

Although  platinum  can  be  readily  alloyed 
with  most  metals,  the  alloys  of  industrial 
importance  or  even  of  soientifio  interest  are 
few.   Ab  a  rale,  the  qnalitiee  whieh  render 

Elatinnm  valuable  in  the  arts  are  destroyed 
y  the  presence  of  other  metals,  even  in 
small  quantities,  and  the  addition  of  H|nall 
quantities  of  platinum  to  oth«T  metals  results 
in  no  improvement.  The  alloys  of  gold  and 
platinum  are  of  little  importance,  although  of 
oonsidemble  interest  on  aooonnt  of  the  fact  that 
an  bnnion  oontaina  at  least  a  trace  of  pktinum. 
and  that  bullion  is  now  largely  treated  el'  Hnj. 
lytioally  for  its  recovery  in  the  United  iiitates 
and  Germany.  An  alloy  oontafning  70  uie.  of 
gold  and  ^0  p.o.  of  platirTim  is  only  slightly 
yellow  while,  when  mure  than  35  p.c.  of  platinum 
is  present,  no  sign  of  yellow  colour  appeals. 
Platinum  and  outer  platinum  metals  nave  a 
curious  tendency  to  sepwate  frtnn  their  gold 
allovs,  a  fact  which  is  noticeable  when  assaying 
^d  bullion,  where  iiidiiun,  even  when  present 
m  tteoee  only,  tends  to  pass  to  the  bottom  of 
the  gold  head  during  cupcllation.  Mat  they 
has  pointed  out  that  platinum  ouncentratea 
towards  the  centre  of  an  ingot  cast  from  gold 
platinum  alloys,  ."o  that  preat  difficulty  is  expe- 
rioncvd  in  the  sampling  of  platiniferous  bullion 
such  as  is  obtained  neom  many  allnvial  gold 
concentrates. 

The  platinum-silver  alloys  are  of  interest  on 
account  of  their  use  in  dentistry  and,  to  some 
extent,  as  a  solder  for  platinum,  but  mainly 
beeanae  the  sohibility  of  pbtinnm  so  alloyotl 
in  nitric  acid,  and  the  insolubility  in  sulphuric 
acid,  are  utilised  in  the  sopamtion  of  platinum 
from  gold  and  in  the  assay  of  ores  supposed  to 
contain  platitnim.  For  the  latter  purpofc.  an 
ordinary  tin?  assay  is  performed  exactly  as  for 
a  sold  ore,  so  that  the  platinum  becomes 
collected  in  a  button  of  lead  together  with  any 
gold  and  silver  which  may  be  present.  After 

the    lead    has    Ineii    removed    hy  cupUation, 

the  silver  may  bo  removed  (leaving  the  gold 
and  platinum)  by  heating  with  snlphurie 

acid  dilnti  il  with  nlKiut  one-fifth  of  it-^  vohimc 
of  water,  or  liolh  the  .stiver  and  platinum  may 
he  entirely  dissolved  (leaving  the  gold),  by 
heating  with  dilute  nitrio  acid.  To  mfore 

X 


Digitized  by  Google 


30fi 


PLATINUM. 


complete  solntioa  of  the  platinum  In  nitric  acid, 
not  len  than  10  parts  of  silver  to  I  of  platinum 
must  be  present. 

The  alloys  of  platinum  and  iridium  are  of 
great  vmloe  and  oiincroasing  importance.  The 
presence  of  even  a  small  quantity  of  iridium  in 
platinum  increases  iu  kaj-dness  and  generally 
adds  to  its  n  sii^tance  to  heat  and  to'contwion 
by  reagents.  The  alloy  containing  10  p.c  of 
iridium  has  exceptional  properties  in  these  i 
nsp'Cta,  and  lia.s  tx-cn  t'tnploycil  in  the  inaim- 
faoturo  of  standard  weights  and  measures  and, 
with  pure  platinum,  for  the  themio^oonples  of 
pyromt  tt^rB.  An  alloy  containing  10  p.c.  of 
iridium  was  employed  by  Mr.  George  MatthcV 
in  preparing  the  standard  measures  of  length 
for  tlir  Tntcrnationnl  Stainlards  Coinmittco. 
Ill'  lit  icrwiirda  recuiiuueiulLd  a  16  p.c.  alluy  for 
that  purpose,  and  a  20  p.c.  alluy  as  the  best  for 
standard  in4(hts.  Both  show  extremely  high 
values  for  elMtioity,  malleability  and  dnotility. 
and  their  uses  are  mtn  ly  limited  1>y  their  c-cist. 

Althotwh  all  the  compounds  which  platinum 
forms  witb  the  non>metals  are  decomposed  by 
heat  and  comraonly  al.-o  hy  rcfhu  iii^^  agents, 
this  metal  prubably  fcrins  a  larger  mid  more 
interesting  series  of  t>alt^  than  any  other  of  the 
nnblp  tnotals,  its  doublu  salts  with  tho  alkalis 
uiid  ulktiliuo  earthb  being  especially  iiit^^resting. 

O.  T.  H. 

flAmrUM  COKFOmiOB.  > 

,  Oxygen  compounds.  Platinum  monoxide  PtO, 
^ich  gives  riso  to  the  platinous  salts,  ia  formed 
as  a  grey  powder  irtien  the  hydroxide  is  ignited 
carefully ;  or  as  a  violet  powder  by  igniting 
oaloium  platinate  and  treatmg  the  residue  with 
nltrio  aoid.  When  heated  strongly  it  yields  the 
metal,  and  when  rcfhu-cd  with  formic  acid  it 
gives  platinum  black.  It  forms  a  ttroiiger 
oxidising  agent  than  the  dioxide,  and  a  better 
reduouut  agent  than  platinum  (Wdhler,  Zeitsoh. 
anorg.  vb/em.  1904.  40.  423). 

Platinous  hydroxide  Pl(Oirh  niay  In-  forrm  d 
by  the  action  of  caustic  soda  ur  potash  on  the 
dichloridc,  or,  better,  on  aqueous  potassinm 
platinochloride.  It  is  an  oxidifiiK'  ac;r-tit  and 
acts  as  a  weak  base,  some  uf  tht^  salts  of  which 
hav  \h'C]]  prepared. 
V  Platinum  dioxide  PtO.  is  a  black  powder 
obtained  by  heating  the  corrcsjxjnding  hy<lroxido. 

Platinic  hydroxide  < >t  platinlc  acid  H,'Pt(OH),, 
or  PtOjiH.O  or  Pt(0H),2H,0  (Bollucci,  Attl 
R.  Aooad.  Lincei,  190S.  fv.l  12.  [ii.1  635 ;  Gazz. 
rhim.  itnl.  ^5.  [ii.]  334 ;  Blondel,  Ann, 

Chim.  Phyfl.  ltK>rj,  [viii.]  0.  81),  is  prepared  by 
boiling  a  solution  of  platinic  chloride  with 
caustic  potash  and  treating  the  basic  fnh  thus 
formed  with  acetic  aci«l.  When  freshly  pii- 
pared  it  is  almost  white,  and  w  readily  soluble 
in  aoids  and  alkalis,  two  of  iia  hydrogen  atoms 
bemfr  aotdio  and  two  basic.  When  dried,  or  on 
standing,  it  Ix^comra  yellow,  and  is  no  longer 
soluble  in  dilute  aoids.  Platinic  acid  forms 
cr\'8talline  platinates  of  the  type  M;Pt(OH),. 
nnil  also  nf  a  more  complex  constitution  (Blondel. 
I.e.  :  Bellueoi  njid  Parravano.  Atti.  R.  Aeead. 
Liiuei.  1«»05,  [v.l  14.  [i  ]  tr.9;  (Jibbs.  Ber.  1877, 
10.  1384;  HorschcL  Phil.  Mag.  1832,  [ii.]  1,  58). 

Hie  oxides  PtjO,.  Ft  ,0,  bavp  been  doRcribed 
(Jorgcnsen,  .1.  i  r.  ('hem.  ISTT.  fii.]  16.  r?t4: 
Dudley,  J.  ^Vmcr.  Chem.  boc.  190^1;  28,  59),  but 


it  is  doubtful  whether  they  really  exist  (Wdhlra^, 
f.c. ).   The  AydralMf  platiwum  ^uqmoaciit 

PtjOj.rll.O, 
intermediate  between  the  two  foraEoing  by* 
droxides,  has  been  prepared  by  WoUer  and 

Martin  fBer.  im>'>.  4':.  3958). 

Platinum  Uloxide  PtO,  is  formed  when  the 
hydrated  dioxide  is  electrolysed  in  a  2N  solution 
of  potash  at  0°.  A  brilliant  golden -yellow 
substance  of  compo-sitioii  SPtOj.HjO  bcparatcta 
at  the  anode,  and  the  trioxide  can  bo  isolated 
by  neutralising  the  alkali  nvitb  very  weak  aoids. 
It  forms  a  Tcd-brown  snbetanee  whioh  loeea 
oxygen  r«-adilv,  but  i.s  scarcely  attuckeil  by 
dilute  mineral  acids.  Most  reducing  agents 
rednee  it  to  piathram  black.  It  liberates  iodine 
from  pitassium  iodide,  btit  has  little  effect  nn 
alcohol,  acetic  acid,  or  many  oxidii4«ibks  organic 
substances.  Many  of  the  hitherto  observed 
reactions  of  platinum  nre  i^aitl  to  bo  duo  to  the 
formation  vi  ihia  oxide  (Woblrr  and  Martin, 
Ber.  1909,  42.  3326 ;  see  al»>  Qmbe^  Zeitsch. 
Elektroobem.  1910, 16,  021). 

Halogai  Mnpoaiidi.  Pteflmim  dtehtoriae  or 

platinous  chloride  PtClj  is  formed  b^  1  ilinsf 
plathiichloric  aoid  HjPtCl,  to  300  ,  or  by 
heating  spongy  platinum  in  a  current  of  diy 
chlorine  at  240*-250*  (Schutzenberger.  Ann. 
Chim.  Pky.s.  1870,  fiv.]  21.  351).  It  is  • 
greenish-grev  insolnbfe  povrder,  sp.gr.  6"87. 
iriiich  readily  decomposes  on  heating  into  its 
elements  (Shenstone,  Chem.  Soc.  Trans.  1892, 
460). 

It  readily  combines  with  phoejdhorus  tri- 
ohloride^  forming  the  oompounds  FtClt.PCI», 

PtCl  .fPCl,),,  the  aqueous  solution  of  whi.li, 
when  evaporated  in  vnmS,  form  chioropUuino 
phoepKorotu  acid  Pt(  LP(OH),  and  dUorvpfaltno 
dipluasphoToxtt  acid  PtCl,.2P(0H),  respectively. 
The  latter  is  decomposed  at  12",  forming  the 
white  crystalline  compound  PtClOP.(OH)j. 
which  at  160"  is  converted  into  a  yellow  powder 
PtC10,P,(0H)j  (Schiitwnberger,  Bull.  Soo. 
chim.  1872,  [ii.]  17,  428  ;  iHd.  IS.  l.^.*?  :  Rosen- 
heim nnd  Loi\'enstamm,  Zfitsch.  anorg.  Clieiu. 
1903,  37,  394). 

Plitinotm  chloride  oombine?3  with  carbon 
monoxide,  forming  a  number  of  carbonyl 
platinoi  hlorkles  (Pullinger,  Chem.  Soc,  .TfMw, 
1891,  955). 

Platinous  chloride  dissolves  in  hydrochloric 
aoid,  yicldui<,'  jil-it inochbiric  acid  or  chlort)- 
platiaous  acid  ll,PtCL,  the  potassium,  other 
salto  and  oompounds  of  whidi  have  been  pre- 
pared (Thonisen,  J.  pr.  Chem.  1877,  [ii.]  15, 
294  :  Nilson,  ibid,  260 ;  Magnim,  Pogg.  Ann. 
1828,  14,  241  ;  Klason,  Ber.  1904,  37,  13»'>o  ; 
KurnnkoflF,  J.  Russ.  Phvs.  Chem.  Soc.  25,505; 
Piiroon,  Ctimpt.  rend.  1895,  120,  681). 

Platinum  tetrachloride  or  platinic  chloride 
I  Ptd^  is  formed  when  platinum  is  heated  in  a 
I  current  of  i^lorme  (lYoost  and  Hauteleaille, 

Compt.  rend.  ISR?.  84,  94^;  Iffd-kinson  and 
I/iwndep.  Natun*.  May  3,  lH88),  or  when  dry 
platiniohloric  acid  i.s  heated  in  a  curn^nfc  of 
chlorine  or  of  hydrochloric  acid  (Pigerm,  C  mpt. 
rend.  1890,  110,  77;  i6i<f.  1891,  1218: 
Ann.  Chim.  Phye.  1894,  ^vii.]  2.  433  ;  Rillinpor. 
I.e.).  Hydrates  oontainmg  1,  4,  5,  and  7 
molecules  of  walir  have  been  prepared.  In 
aqueous  Holution.  the  tt  t  r  u  b!  ride  beiiaves  as  a 
woak  dibasic  acid  litPtCl4(011)„  and^salts  of 
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this  acid  have  been  obtained  (Miolati,  Zeil.><eh. 
anorg.  Chem.  1900,  22,  445  ;  ulao  Kohlrauiich, 
Zeit«ch.  ph\  sikal.  Choni.  11M)(J.  '.13,  267;  Hittorf 
«iidS*lkowBki,i3^M2.1889.28,5iO:  Dittenberger 
•nd  Dietz,  Ann.  Ghim.  Phys.  1890,  [u.]  68,  853). 

Platinum  trichloride  PtCl,  has  U«n  ohuincd 
bv  Woblcr  and  Martin  (Lc)  by  heatiaje  plaiinio 
mloride  in  pure  dry  ohloritte  at  SWT  for  10 
honr.-;.  It  forms  a  dark  prccu  marly  black 
powder,  soluble  in  boiling  wator,  and  deoom- 
pa>mi  by  hot  concentrated  hydrooUorio  Mid 
into  th'  '!i        3  t'-*ra-cliloridcs. 

A  piatiauiu  monoohloride  PiCl  has  also  been 
obUiiied  (Snistodt,  Cbem.  8oc  Fkoo.  1898.  26, 
179). 

Pfailiniehlorio  aeM  or  ehloropUtliile  aeld 

HjPtCig  ie  pr(  pare<i  by  tli.s.vjlvinc;  ijlntiiium  in 
aqtta  regia  and  evaporating  with  hydroohlorio 
add  unta  all  the  nitrio  Md  is  nmoiracL  It 

may  nho  Ix-  obtained  by  passiriq:  chlorine 
through  coiict. nlratad  hydrochlorio  acid  con- 
taining platinum  black  in  suBpennion  ;  or  by  the 
clectrnlvH-  oi  plaiiuuin  black  (Weber,  J.  Amer. 
Chem.  6oQ.  1908,  3t».  29 :  «ee  n\m  Matignon, 
Cbmpt.  rend.  1002,  I'M.  1497). 

It  crystallises  with  6  molecules  of  water  and 
forran  reddiiih-brown  deliquescent  prisms.  It 
readily  yi«  Ids  crystalline  huUn  of  the  type 
HlPiQ^  known  as  the  j^inkhloride*  or 
eUornfMofMiafs*,  of  whJdi  tiSs  alkali  saltt  Me 
often  iiHt'd  in  analytical  chemistry.  Tt  alfso 
forms  characteristic  salts  with  matiy  urgauio 
ttompovods. 

A  nnrahpT  of  chloroplatinic  acids  and 
their  mlt%  iiitt-riucdiate  between  platiuic  acid 
U,[Pt(OH,)l  and  thehezachloro  acid  have  been 
descrilx-d  (Bollucci  and  Miolati,  Atti.  R.  Aocad. 
JUncci,  1900,  [v.]  9,  ii.51  :  ibid.  1902,  [v.]  11,  u 
UU  271). 

Platiuoos  and  platinio  bromidea  and  tba 
ouitesponding  aoMs  (Meyer  and  ZBbBn,  Ber. 

1880,  13,  404;  Halberstadt.  ibid.  1884,  17, 
2962 :  BeUuooi,  Atti.  R.  Aooad.  Lincei,  1900,  y. 
9,  tt.  ffl),  also  the  iodides  and  iodio  adds  (BeUacci, 
ihid.  11,  i.  8;  Pigeon,  Lc.  ;1  Peterson,  Zeitsch. 
ttnorg.  Chora.  ISUH,  19,  69),  the  di-fluoride 
(Moissan,  (  ompt.  rend.  1889,  109.  807),  and 
mixed  halofren  derivatives  (Hertl,  Ber.  1890|  29, 
41  n  have  also  been  prepared. 

Nitrogen  OOBponnds.  A  numl)cr  of  motallio 
platino  nitrites  or  nitrito  pfaliatfcs  ud  their 
oxalo-  and  other  deriTatives  have  been  deaoribed 
(r.ang.  J.  pr.  Chem.  1861,'  83,  41.1:  Blom- 
strand,  ibid.  1871»  rii.]  3,  207;  Kilson.  Bcr. 
187e,  9,  1722:  1877,  10,  984;  Vto, 

r.  mpt.  rend.  1891,  112.  RtO  :  113,  696; 

tbid.  1897.  125,  525 :  BuU.  tsoc.  chira.  1901,  [iii.l 
26,  157;  ibid.  1902.  [iii.l  27,  030;  ibid.  1903, 
[iii.]  29,  83;  Berg,  Zettadi.  anorg.  Cbem.  1897, 
15,  278). 

ftfrnluting  plafmviii  (OH),PtNH,Pt(OH), 

stroDgly  rencniblea  ferric  hydroxide  iu  appear- 
ance.   It  is  prepare!  by  treating  hexacntor* 

5latinio  acid  with  silver  niti.ite  in  the  cold, 
be  aiiver  hezaohlorplatinate  so  formed  ib 
deoomposed  irith  bet  ivater,  and  the  resulting 
t.etra'-hl<-rplaliti!e  neid  again  treated  with  .niher 
nitrate,  and  the  new  Hilver  salt  deoomposed  by 
boiling  witb  water  for  some  boura.  The 
following  reuction?5  take  place — 

Pt€I.Ag,+ H  lO  =.Pt(PHU!l4H,+2^VgCl 
Pt(OH),a4A«.+U|0--Pt(OH)«a,H,+2Aga 


Tlie  solution  of  the  dichloroplatiruc  acid 
treated  _  with  ammonia  yieidii  fuhuiuaiing 
platinum,  which  when  heated  darkens,  then 
detonates  violently.  A  simiiar  oompoond  is 
obtamed  if  pyridine  is  snbetitnted  for  ammonia 
(Jacul>3en.  L'ompt.  r.-nd.  1909,  149,  574). 

The  various  platiaum  saUe  f<«m  oomplex 
compounds  with  ammonia,  dmllar  in  oqd- 
stituiion  to  that  of  the  chromium  bases,  and 
existing  in  two  scries  in  one  of  which  the 
platinum  is  divalent,  in  the  other  tetravaleot. 

The  chief  tvpi^"^  f  ^  j)latinous  compounds  arc — 

The  platodiamiiiines  [(NH,)4Pt]Xj ;  plato- 
monodiatnniine.H  [X(NH3),PtlX ;  platosammine 
and  platoscmidiammuie  rX2(NHt)|Pt] ;  and 
platosomiammine  [Xj(NHs)PtlR.  X  and  R=» 
monovalent  acid  and  ba-sic-  radiclca  res|K'ctively. 

The  ohief  types  of  platinio  oompoonds  are 
represented  by  tne  fbHowfng  formulae— 

[(NH3),l'tlX,:[X,{NH3),Pt]X,;[X|(NH,),PfelX; 

[X,f\Il/id''  '  .  l\,/N'Hj)Pt]R. 

Magnus'  green  sail  lt(Na,)«'PtC!4,  which  was 
obtained  by  Magnns  in  1828  (Pogg.  Ann.  li, 
204)  by  tiio  action  of  ammonia  on  platlnous 
chloride,  is  the  starting-point  for  the  preparation 
of  all  these  derivatiTes.  Wlieo  foiled  with 
ammonia  it  passes  into  plataiiammine  chloride 
or  tetrantmme'plaiiH(/m  clUoride  r(NH|)4PtlClj. 
The  green  salt  may  also  be  obtained  by  the 
action  of  poUib^ium  ])latinon.'j  chloride  on 
platodiamminc  chluridu,  but  if  tlio  Holution  is 
verv  dilute  and  neutral,  or  slightly  ammoniacal, 
and  traces  of  potassium  ^tiiuohloride  are 
absent,  a  roee*red  crystalline  tali  is  fbrawd* 
which,  when  boiled  with  water  passes  into  the 
green  salt  (Jdrgenson  and  Sfirensen,  Zdtecii. 
anors.  Cbem.  1906,  48,  441). 

literature. — Qras,  Ann.  Chim.  Phys,  Ri,] 
69,  204;  Pe>>ronnc,  ibid.  1844,  iii.  12,  198$ 
1846,  [iii.]  16,  462 ;  Reisct,  ibid.  1844,  [iii.l  II, 
417;  Compt.  rend.  1844.  18,  1103;  Schon, 
Zeitsch.  anorg.  Chem.  ISUQ,  13,  36 ;  Komakoff, 
ibid.  1898,  17,  207;  Klason  and  Wauselin,  J. 
pr.  Chem.  1903,  [ii.]  07,41  ;  Euler,  »m  1904.37, 
2391  ;  Tarugi,  Guzz.  ohim.  iUl.  1906,  36,  i. 
364;  Ray  and  Shoah,  Zeitsch.  anorg.  Cl  em. 
1909,  U,  184;  Werner,  Ber.  1907,  40,  4093; 
Jorgensen  and  Sflrensen,  Le. ;  and  many  othen). 
Op^iinic  derivatives  of  ammonia  comjxmndB 
have  been  described  by  Klason  (J.  pr.  Chem. 
1903,  [ii.]  67, 1 ;  J5rgensen,Zeiteeh. anoig,  Chem. 
1906,  48,  374). 

Platinum  compounds  of  hudroxylamine  have 
lioen  described  by  Ubienhnth  (Annalen,  1900, 
311,  120),  and  an  cxplo.sive  pota3$i-um  platino- 
azoimide  by  Curtiu^  and  Rissow  (J.  pr.  Chem. 
IMIS.  [n  ]  .'58.  261). 

Platlnocyanic  acid  H.[Pt(CN)4]  is  obtaine«l 
by  detH>iniKKsing  the  wp^HT  or  mercury  salt 
with  hulpnuretted  hydrogen  or  the  barium 
salt  with  dilute  sulphuric  acid  (Quadrat^  Anna- 
len, 1849,  70,  300;  We^ebkv,  J.  pr.  Chem. 
JSr»«,  69,  276).  WImii  ciyMdlMii-  u-ith  6 
molt'Gulus  of  water  it  lorms  tine  ciunabor^red 
prisms  czhil>itiiig  a  brilliant  blue  colour  by 
retleetc  d  lii^ht  ;  when  containing  more  %vnter 
the  cryniab  have  a  yeUow-grcou  colour  with  » 
golden  lustre. 

Platinocyanldes  may  be  prepare  d  }>}  d;  olv- 
ing  weli-washed  ijreshly*prepired  platinum  sal* 
phide  in  a  solution  of  the  corresponding  oyaaide. 
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The  oolourlcas  solution  is  then  oonceatrated. 
The  rawtioii  piooeeds  thus : 

PtS,+5KCN-K,Pt(CN)«+K^S  f-KCNR 
(Scherttii.  Ber.  21),  204) ;  or  they  may  be 

prepared  by  double  decomposition  from  the 
potassium  salt  whirl,  L-s  formcil  by  heating 
spongy  platinum  iK>ta.ssiuLu  ferrocyanide  to 
leclness,  or  by  dissolving  platinous  chloride  in 
potassium  cyanide  (Knopp,  Annalcn,  1S42,  43, 
111).  The  platinocyaniaee  are  oharacterLied  by 
their  reaction  with  thf  nx  rcury  salts  with  which 
thi^  first  give  a  white  preoi|iitate,  which  on 
■ddition  of  moro  inenmry  salt  turns  blue. 
Tlii  v  l)(  toni<'  luminous  whvn  exjxtscd  to  Runtgcn 
ray.-i.  and  nn-  u-^etl  for  inakint;  .HLreeufi  lor  the 
detr<'f ion  i<:  ill'  -.«•  rays. 

Nearly  all  platinoo}  aiiidos  fluoresce  to  a 
marked  decree,  the  colour  and  intensity  of 
fluoresc  eiK  c  (iewnding  on  the  charaoter  of  the 
baaio  radicle,  tnc  state  of  hydration,  the  per- 
feotion  of  the  crrstalliiie  forma,  and  ui  some 
cases  on  tliL-  nioue  of  jireparat  ion.  (  Vitain  of 
the  platinocyanidcs  exist  in  two  modihcatious, 
having  the  same  omtalline  form,  but,  prepared 
by  difTcrent  methods,  they  show  a  difTerence  in 
ail  their  optical  eliaraeteristics.  It  is  rismarkable 
that  urwiyl  platinoeyanide  displays  no  fluores 
cenco,  although  each  of  their  constituents  confers 
this  pmpertv  on  most  salts  (Levy  and  Sisson, 
Chem.  Soo.  Trans.  1906,  125  ;  Levy,  ibU,  1906, 
1446;  also  Jackson,  Und,  XS\t^  57). 

Some  further  literature,  Bergsoc,  Zettscb. 
anorg.  ('hem.  lsn<t,  m  :n8;  Bnielut  and  Petit, 
Gbmpt.  rend.  IWl.  13S,  1096;  Ile>ijul<li*,  Proc. 
Roy.  Soc.  1909,  82,  A,  380.  Dicvanodiamidi- 
nium  platinie  ehlorido  (C  jr,XiO),.Ptn,  is 
described  by  Grusitmaiui  and  iSrhiiek  {lier.  1910, 
43,  674). 

For  thiocyanates,  mc  Buckton,  Cliem.  Soc. 
Trans.  1855,' 22;  Miolati  and  BeUuooi,  Gazz. 
chim.  ital.  HMKi.  no.  jj.  588;  Qroasmann  and 
Sohitok,  Ber.  1900,  39.  1896. 
J  Snlplnnr  MmpoanAk  Pblliiimiimniotiilpliid« 

VtS  forms  n  prnon  ]X)wder  or  plistenin^  nocdU  s. 
pitj^jand  by  heating  platinum  spougo  with 
sulphur  in  a  vacuous  gla.<«  tulie  (Debray  and 
Dev  i'l    '  omj't.  n-nd.  1879,  89,  587). 

^Plaiinum  dlsulphide  PtS,  may  be  ohtaintd 
pure  as  a  steel-grey  powder  by  precipitating  a 
3  D.C.  solution  of  potassium  platinicnloride  at 
90*  with  sulphuretted  hydrogim.  At  ordmar}' 
temperature,  a  y<'IIo\vish  lirou-n  jirn  ijiitate  in 
formed,  while  the  liquid  Itecomes  retl.  containing 
oolloidal  pUthmm  sulphide,  which  is  deposited 
at  0**  (Antony  and  LuochiMi,  Gms.  chim.  ital. 
189t>.  2G,  i.  211). 

Platinic  sulphate  rt(SOj2,4H,0  forms  largo 
orange  leaflet*  {Stuchlik,  R  r.  J9(M.  38,  2913). 
^  A  number  of  thto  platinum  salts  have  been 
pre|)are<l  (Schneider.  Pogg.  Ann.  isifif!.  1^8, 
604  ;  .1.  pr.  Chem.  [ti.]48,  411 ;  Uofmanu  and 
Hochtlen.  Ber.  1903,  36.  3090).  TeanridiS 
Pt,Te,  PtTcj.  PtTe  (Rocsslor.  Z.'itsrh.  an^  rc 
Chem.  1897,  lo,  405),  and  nflnudt.i  I'uS-, 
Pt8e„  PtSr,  (Koe.s.'.ler.  il'ol.  1895,  9,  59; 
MinozEi,  Atti.  H.  Aooad.  linoei,  1909,  v.  16,  ii. 
liSO)  alio  cxi.st. 

A  platinum  ronnH>un«i  annlouous  to  purple 
of  Cassius  (v.  Gold  pdbplb)  ia  obtained  by 
the  action  of  stannous  chloride  on  solutiona  of 
plftfinum  Fnlf-,  whrii  a  \>U}<><\  r.  d  -nfution  i.s 
formed,  which  darkens  after  a  time,  particularly 


on  wurmiug,  fiualhr  becoming  black  and  slightly 
turbid,   when  ■baken  vi&  etiber  ot  ediyl 

acctato  the  red  ctdour  is  extracted,  and  on 
additicm  of  «-ater,  a  chocolate- brown  precipitate 
is  formed,  ooodBting  of  plat^um,  tin,  and  oxygen 
in  varyhlg  proportions.  When  freshly  jm  - 
cipitated'  it  is  soluble  iii  hydrochloric  acid.  It 
does  not  diffuse  through  parchment  paper,  and 
may  bo  regarded  as  an  adsorption  compound  of 
colloidal  platinum  and  oolloidal  stannic  acid, 
but  the  tornier  shows  none  of  the  onlinarv 
reactions  of  colloidal  platinum.  A  similar  red 
■olutkm  has  been  obtamed  by  reduofaig  platbiio 
chloride  with  an  ethereid  'liitim  of  phosphorus 
in  the  presence  of  ^relatin  (Wohier,  Verb.  deut. 
Naturforch.  Aerzt<;,  l!K)7.  ii.  1U5;  Waller  and 
8l)engel,  Zettaoh.  Chem.  Ind.  KoUomIa,  1910,  7, 
243). 

Platinum  phosphides  PtP„  Pt  ^P^  (Granger, 
Oompt.  rend.  1890,  123,  1284),  pUtlnic  pyro- 
phosphate PtPtO^  (Bamett,  Chem.  Soc.  Trans. 
1895,  613).  arsenides  PtAs.  and  the  ar/<rjit(e 
Ft,(AsO,)4  (Stavenhagen,  J.  pr.  Chem.  1895,  [ii.] 
61,  1);  the  gilkidw  SCPt,  8iPt,  (Vieouroiut, 
Compt.  rrnd.  18^)0.  123.  115;  ihiJ.  !'m7,  145, 
376) ;  and  also  iung«kU€4  and  molyltdates  of 
platinum  (Gibbs,  Amcr.  Chem.  J.  18M,  17,  73) 
nnve  iK-en  prepared. 

V  Oi|;anlc  compounds  ol  platinum.  .Ylkylcom- 
pomids  of  platinum  may  bo  prepared  by  the 
interaction  of  magneeinm  methyl  iodide  aad 
platinio  chloride,  a  number  of  tlnae  snbstanoea 

and  their  lixdroxide.  nitrate,  sulphate,  chloride, 
cyanide,  and  plaiinooyanidis  d^vatives  have 
h«<m  prcpare<l  bv  Fbpo  and  Paaohy  (CShera. 
Soc.  Trans.  1909,  671). 

\  Platinous  xanthate  (OEt-Cb-S)aPt  occurs  in 
flat  yellow  prisms,  m.p.  129''-130'',  is  in.soluble 
in  water,  but  readily  soluble  in  chloroform. 

Other  platinous  salts  of  thio-organic  acids  are 
deserilnd  by  Rambent  (Zdtsoli.  anoig*  Cbem. 
1900,  50,  439). 

Cbmfdezfiiaft'iio  jiyrjiiiieftaKiifasaredeeeribed 
hv  Jorgenscn  and  Wemor,  ibid.  1806,  12,  46; 
tUd.  1900.  25.  36;i :  Klason,  Ber.  1904,  37,  1349. 

Organic  phosphorus  plaUno  kalide*  by  Rosen- 
heim and  Levy  (Zeitooh.  aaotg.  ClMan*  1906,  43. 
34). 

Platinum  alginate  is  a  brown  gelatinous  pre- 
cMtate  readily  aolaUe  in  ammonia,  fomnimg;  » 
vellow  aohition  (Stanford,  J.  Boo.  Cficni.  fid. 

1886.  2201. 

For  certain  other  or^nio  compounds,  sec 
Wenier.  I.e.  :  Corsa.  Gazz.  chim.  itaL  22,  il. 
620  ;  Hofmann  and  Rabe,  Zeiisrh.  anorg.  it- 
1897,  14,  293 ;  Prandtl  and  iiofmann.  H<  t. 
1900.  33,  2981  :  H.  and  Bugge,  ibid.  1908,  41, 
312;  H.  and  Karbutt,  ibid.  1625;  H.  and 
Buchner.  n,id.  1909,  42,  3392 ;  Tschugacff  and 
SokolufT.  ibid.  55 ;  Ostroniiasleiu)^  and  BoB- 
mann,  ibid,  1910.  43,  2708. 

PLUM,  Pruinu  tpp.   Many  spedea  utd 
viriftirvi  are  knowii.    As  the  averajie  of 
analyses,  Konig  gives  for  the  composition  of 
the  fruit — 

ran 

Aesaeid         OtliarN*  and 

Water  Protein   (Malic)   Sugar  free  ext.  wtune  Ash 
780      1  0        0'8      8*8     4-0      5-8  0-5 

For  aiialy.xes  of  fisHfomian  prown  plum.s  and 
prunes  r.  (  (KxpTim.  Stat.  Rec.  1893,  4. 

918),  who  found  the  juice  of  plums  to  contain 
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•bimt  18  p.c.  of  sugar  and  0*5  p.o.  free  acid 
(ao  H,SO,). 

llie  keriHtl  ooniainaaiirradalia  aud  omukin ; 
H  ia  a]M>  tioh  in  a  fixed  oiL  Tha  nnd  oontaiiu 

•  wax  melting  at  64*  (Seifert,  Landw.  Vei^urhs. 
Stat.  1894.  4fi,  29).  Plums  require  ami  remove 
from  the  soil  far  larger  qnaatitjea  of  nitrogen 
than  art;  demanded  by  most  other  orchard 
cropH,  e.g.  appk'j  or  pears.  According  to  Amer iuin 
estimates,  an  average  crop  of  plums  (30,000  Ibe. 
per  Mre),  removes  about  127  lbs.  of  nitrogen, 
13  Ifaa.  phosphoric  aoid,  and  61  lbs.  of  potash 
per  ixcrv  hum  the  ^ril,  while  for  applets  and 
pears  (each  20,000  ihn.  per  acre),  the  ligurce  are 
IS  muA  12  lbs.  of  nitrof^,  6  and  10  Iw.  phos- 
phorifiacid  fin<!  10  and  30  lbs.  potash  respectively. 
For  fifoct  of  manuring  upon  the  yiehl  of 

Slums  and  damsons  v.  Dyer  and  Shrivell  (Jour. 
4)y.  Hort.  Soo.  1903.  27.  part  4).  H,  L 

PLUMBAGO  t.  GRAi  iiiiK. 
PLUMIERIDE  V.  .Aou.nuua  dabk. 

PliUMpUn  V,  FSATSBR-OIUi.   

PODOFHTIiUO    ACID,  FODCffHTLLO- 

QUERCETIfC,  and  PODOPHYLLOTOXIM  v. 
JHodophyUum  reeitt,  art.  HesINS. 

PODOPHYLLUM  RIUN  «,  Itmms. 


Fia.  1. 


I.  QUALITATIVB. 

When  a  rav  of  light  falls  on  the  surface  of 
an  isotropic  subetanoe  like  glass,  it  is,  in  general, 

tHMit  out  of  it.'i  path  at 
the  surfaoe  of  aepara- 
tioD  of  the  two  media, 
according  to  a  law  dis- 
covered l)y  Snellius  in 
1621.  The  incident 
and  refracted  rays  lie 
in  the  same  plane  with 
the  normal  to  the  sur- 
iaoe  at  the  point  of 
incidcnoe,  the  sine  of 
:iuj]r  of  incidence 
divided  by  the  sine  of  the  angle  of  refraction 
being  a  constant. 

In  1669,  BarthoUnus  noticed  tliat  if  a  ray 
of  light  enters  a  crystal  of  Iceland  suar,  it  splits, 
mnuly,  into  two  rays,  one  of  wUon  pursues  its 
way  through  the  crystal  according  to  tlio 
ordinary  lamns  of  refraction,  whilst  the  oehaviuur 
of  tlic  other  cit" ponds  upon  the  direction  of  the 
oi^inal  beam  relative  to  the  oiystal  face.  The 
fondftiUMitdl  form  of  leelaad  spar  is  the  rhombo- 
bedron,  Yif>.  1,  and  if  the  otf^ics  of  thf  rhomb 
be  equal,  the  l^e  joining  the  obluiie  Hulid  angleti 
ii  the  crystallographic  axis.  If  the  rhomb  is 
not  equal  edged,  tfa»  $xm  ia  any  line  pamllel  to 
tbk  direction. 

U  a  mark  on  white  panor  be  examined 
through  a  crystal  of  Icclanu  spar,  whose  re- 
fracting face  is  parallel  with  the  paper,  two 
image-^  will  Ix-  ^^cvn.  On  tununj;  crystal 
about  a  vertical  axis,  one  of  thcsso  remains  fixed 
wldbt  the  other  moves  romid  it,  a  line  jofaiing 
the  t^  images  being  always  in  the  dirpction  <>f 
the  shorter  diagonal  of  the  face  uf  an  equal 
edged  er^staL  The  plane  passing  through  this 
direction  perp<»ndi('ular  to  the  face  of  the  cr%'stal 
ountaiiiH  the  optic  axis  and  i.H  caik-d  thu  principal 
plane,  the  images  being  termed,  respectively, 
ordmary  and  eztmocdinary.  A  ray  incident  on 
a  sorfaoa  eat  pamOel  to  tlw  optto  tSda  into 


two  raya,  each  following;  (lie  la\V8  of  f^ingk-  re- 
fraction but  with  a  diftereiit  refractive  index, 
and  vfbm  the  ray  is  incident  normally  to  the 
smfMe,  the  tiro  rays  coincide  m  direction  but 
move  through  the  crystal  with  velocities  in- 
versely proportional  to  their  refractive  indices, 
^•>1*654,  ^,asl*4g3.i  Qenerally,  however,  the 
pxtmordinary  ray  is  neither  in  the  same  plane 
with  the  normal  ftn«l  the  incident  ray,  uor  is 

sin  i  ,  1  ■     ,  L 

-J — =a  oonstant.  It  the  crystal  m  the  above 
Sin  r 

experiment  be  tilte<l  at  different  angles,  it  will 
bo  noticed  that  the  separation  of  the  images 
varies,  and  when  the  light  travels  through  the 
crystal  in  the  direction  of  the  optic  axis  there 
is  again  no  He|wra(,ion,  both  ray.s  pursue  the 
same  path  with  exactly  the  same  velocity* 

The  theofy  of  the  propagation  of  these  tiro 
wave-fn)nta  m»  devi  !  i|K  il  by  HuyKh  irn:^,  who 
discovered  (1690)  that  lK)th  rays  differ  markedly 
horn  tiie  original  beam,  for.  if  passed  into 
another  crystal  situated  similarly  i'  t!int  in 
which  they  were  producctl,  they  are  not  further 
resolved,  the  ordinary  ray  passes  through  as  an 
ordinary,  and  the  extraordinary  as  an  extra* 
ordinary  ray.  If,  however,  their  refracting 
faces  being  kept  parallel,  one  crj'stal  lie  turned 
through  an  angle  of  90**  relative  to  the  other, 
the  orainary  ray  from  the  first  passes  through 
the  secnnd  as  an  extraordinary  and  the  extra- 
ordinary a.s  au  ordinary  ray.  In  intermediate 
positions  both  rays  are  divided.  Newton 
8iifrfre?t4Ml  that  these  rays  have  '  sides '  (Optics, 
1704,  Queries  26,  26),  moaning  thereby  that 
their  properties  vary  in  different  directions,  but 
the  matter  attraoted  little  or  no  attwtion  until 
after  the  lapee  of  another  century,  when  Hahis 
discovered,  in  1808,  that  light  could  1)0  brtiught 
into  this  peculiar  condition  by  reflection  as  well 
as  by  refraction  (Nouv.  Bull.  Soe.  Philum. 
1807-9.  1.  266.  341,  3G3 ;  1810-11.  2,  252,  291. 
320 ;  Gilbert's  Ann.  1812,  40,  119,  132). 

If  a  beam  of  light  fall  upon  a  Hhe<-t  of  ghua, 
an  angle  of  incidence  of  about  65°  25'  *  giving 
the  maximum  effect,  part  will  be  reflected  and 
part  refracted.  lioth  rays  are  found  to  ha\o 
*  poles,'  aa  Malua  put  it,  and,  if  aUovmi  to 
traToiso  a  pieoe  or  Toeiand  sper,  whose  re> 
fraetin>i  face  is  ])er]"  nrlioular  to  the  phinc  of 
incidence  and  whose  principal  plane  is  parailol 
to  the  plane  of  inddsooe,  the  refleeted  l^eam 
will  pass  through  as  an  ordinary  ray.  The 
refracted  ray  under  thcde  circumstances  will  i^iss 
through  as  an  extraordinary  ray.  The  plane  of 
incidence  of  the  light  on  the  reflecting  surface 
came  to  be  called  tlio  fdnne  of  polari»aH€m. 

Tlie  thtH)ry  of  tl,i  -ubjeet  is  due  to  Fresnel 
wlio,  in  connection  with  the  phenomena  of 
interfetenoe  ifUeb  iMMi  been  disooTered  hy 
Young,  had  just  developed  the  transverse  wave 
theory  «»£  light.  He  explained  the  difference 
betw<M-n  the  ordinary  and  the  extraordinary 
rays  in  Iceland  spar  by  the  Hupposition  that, 
whilst  the  vibrations  of  the  ether  particles 
causing  the  ordinary  ray  take  place  in  one  plane 
only,  those  causing  the  extraordinary  ray  occur 
in  a  plane  at  right  angles  to  the  flrst,  and  he 

'  The  double  refr.ii  1 1.  n  ul  In  land  spar  i»  «*id  to  be 
nr^Miivt'.         <i'>uh>i,  n-fraction  of  i|uaits  Is  positive, 

th<  l)eliig  n  —  l  i>44.  |A.=  rai»3. 

-  i  h<  Aiigto  vartw  with  Ihe  index  of  refhictJon  of 
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showed  that,  on  his  hypoiheris,  the  vibrations 

of  light  rofloctcd  from  a  siirfarc  nr  the  polarising 
angie  inko  yAnoe  in  a  plnno  parallel  to  the 
nulace  nnd  therefore  at  right  anglea  to  what 
was  called  the  plane  of  pcilarisiition  (Nouv.  BulL 
Soo.  Plulom.  1824,  9,  16U  ;  Ann.  Chincu  Piiys. 
1821.  17.  186). 

According  to  tho  modem  elaotro-magnetio 
theory  of  light  M  developed  by  dark  Maxwell, 
there  is  a  magnetic  disturbance  in  the  plane  of 
polarisation  and  an  eleotxio  disturbance  perpen- 
mcuhr  to  it.  The  latter,  tlwnfoie,  oorreBponds 
with  iVeenel's  vibrations. 

In  1811,  Arago  discovered  the  nhunoinonon 
of  the  rotation  of  the  plain-  of  poIariBation  of 
light  (Nouv.  Bull.  S<  .  .  Pliil.  lu.  1810-1811,  2, 
368,  371,  387;  Giio.  Ami.  Ial2,  40,  146).  A 
ray  reflected  from  a  piece  of  glass  at  the  proper 
angle  was  received  upon  a  crystal  of  Iceland 
spar.  It  then  splits  in  genotal  into  two  rays  of 
unequal  int<;risity  and,  if  the  crystal  he  tunied 
round  the  direction  of  the  my  an  axis*  four 
podtiooB  win  l»  Ibimd,  at  right  angles,  in  -wbioh 

only  one  image  ap- 
pears, altcruatcly 
ordinary  and  extra - 
oi-dinary.  When  the 
crystal  is  sot  in  one 
of  these  positions, 
and  a  piece  of 
quartz,  ciifr*  per- 
pendicular to  the 
axis  AA'  2)»  is 
plaoed  in  tn»  path 

of  the  ray  hetween 
£*I0,  2.  polarising  mir- 

for  and  the  oryBtal, 

tvi-o  imnges  fippoar,  complementary  in  colour — 
the  colours  depending  on  the  thiclmoss  of  the 
pkto— Aad,  if  they  happen  to  overlap,  the  part 
common  to  both  is  white.  On  turning  the 
crystal  the  colours  change.  Something  of  a 
•imilar  kind  was  found  for  mica  and  gypsum. 

Arago  reoogniaed  that  pMM«ige  through  the 
quartz  plate  altered  ih»  plane  In  vliich  the  light 
was  TKimrisod,  and  that  the  colours  were  due  to 
the  fact  that  the  plaoee  of  iMjIarisation  of  the 
difSBEent  rays  of  wMdh  white  light  is  oooiposed, 
are  rotated  to  different  extents. 

Biot  then  found  (Mem.  de  i'luetitut,  1S12, 
Fut  L  218)  that  the  lotatioii  conferred  on  the 
piano  of  polari.sation  was  proportional  to  the 
thiokuess  ot  the  plate,  and  varied  with  the 
refirangibility  of  the  light  used,  the  red  rays 
beifaig  least  rotated  and  the  violet  the  most, 
some  crystals  rotating  to  the  right,  others  to 
the  left.  Later,  while  engngetl  on  experiments 
which  necessitated  the  immersioQ  of  crystalline 
pbtea  in  liquids  to  make  the  polarised  ray> 
penetrate  the  plates  vt  ry  obliquely  to  the 
surface,  he  discovered  some  of  these  liqtiid.i 
abo  to  be  capable  of  rotating  the  plane  of 

folarisatioD  of  li2:ht  (Nouv  BuU.  Soc.  rhilom. 
814-16,  4,  190).  This  wii«i  the  case  for  oil  of 
tereboniliine  (/-piiirne.  French  oil  of  turpentine) 
find  oil  of  linir<  1.  r,i<  h  nf  which  nlway.s  tunied  the 
plane  of  pohirisatiun  from  ri^ht  to  left,  wlukt 
oil  of  citron,  and  oanrphor  dissolved  in  alcohol 
had  the  opposite  e&ot.  isSxperiments  of  a 
somewliat  nmhr  eharaoter  were  carried  out  hy 
Brewster  fr<>m  nlujut  ]9]2,  <-.q.  Phil.  Trann. 
.  l^l^       29,  and  T.  J.  Sccbcck  (ISchwcigger's 


Journal,  1813,  7,  268,  882 ;  1814, 12, 1 ;  Kouv. 
BulL  Soc.  Philom.  1816,5,49).  Subsequently  Biot 
determined  the  effect  of  temperature  change  on 
the  rotation  of  oil  of  terebenthine,  examined 
the  influence  of  .Mjlventfi,  di.<;coTered  the  rotation 
of  cane  siugaj,  applied  the  polaxiuietric  method 
to  distinguish  oetween  natural  and  artificial 
camphor  and  even  asoertamed  that  oil  of  tere- 
bentDine  in  the  state  of  vapour,  atill  retafaia  its 
rotation  i  (Ann.  Ghim.  Vhyu  1818,  [iL]  %  877 ; 
181flL  pi  ]  10,  68), 

i^vsnel,  after  diMOvering  oiniilatly  polarised 
light,  showed  that  the  rotation  of  the  piano  of 
polarisation  of  Iwht  by  quarts  out  perpendicular 
to  the  aids,  could  be  expWned,  u  on  entaring 
the  quartz  the  polarise*!  beam  -vrcrc  resolved  into 
two  circularly  polarised  rays  traveliuig  through 
the  crystal  m  the  direction  of  the  optic  axis, 
without  separation  but  with  different  velocities. 
Then,  on  emergence,  there  would  be  a  difference 
of  phase  m  that  the  two  waves  recombino  to 
form  again  a  plane  polarised  ray  whose  plaue  of 
polarisatimi  is,  in  general,  not  that  of  tho 
original  lieam.  Tie  Bucceedetl  in  demonstrating 
the  actual  ajd^teuce  of  these  two  circularly 
polariMd  rays,  the  principle  of  his  method,  n 
not  tho  actual  arrangement  of  his  apparatus, 
being  represented  by  E(g.  3.  abo  and  ode  aru 
piisms  of  IttTO*  and  bod  one  of  deiitio-  qnaarts. 


'  FiQ.  3. 

so  cut  that  the  optic  axis  of  each  is  parallel  to 
I  BD.  19ow  let  a  ray  of  plane  polarised        *  faU 

normally  on  the  surface  iiB  at  F,  and  sup))ose 
that  it  splits  into  two  circularly  polarisea  rays 
which  travel  in  the  chrection  to.  That  vriiose 

path  is  a  right-handed  helix  should  travel  ^^ith 
a  greater  velocity  ui  tho  la  vo  prisms  abc  wd 
ODB  than  in  the  dextro  priam  BCD.  In  passing 
throuLih  the  .'^V'^leni.  therefore,  this  ray  shoula 

I  be  beut  towards  the  normal  at  o,  and  away 
from  it  at  M  and  also  at       Similarly,  the  ray 

j  whose  path  is  a  left-handed  helix  should  travel 

I  more  sfowly  in  abo  and  CDEthan  in  bcd  and  be 
bent  away  frt>?n  the  normal  at  0,  towards  it  at 

,  u,  and  away  from  it  at  k.  The  two  ra^  there* 
fore  emerge  in  the  direotioas  ho  and  jOm  This 

'  separation  was  actually  observed,  althou^'h  it 
wfikJ  very  bmall,  and  the  two  rays  wore  luuud 
to  be  circularly  polarised  in  opposite  senses 
(Aiin.  Chim.  Phys.  lS2r>,  25,  147).  Fresnel 
t,3Lplaiiied  the  rotation  of  liquids  m  the  same 
way  but  tho  experimental  demonstration  was 
made  much  later  by  v.  FleischI,  whose  method 
was  similar  to  that  of  Fresnel,  dextro-  and 
lajvo- rotatory  liquids  of  the  same  refractive 
index  being  placed  altematdy  in  hollow  glass 
prisms  (Sitzungsbcr.  Wion.  A&ad.  1884,  90,  ii. 
478). 

'  It  may  be  nicntioued  here  that.  If  the  ray  be 
reflected  back  through  the  tube  of  active  substance, 
the  rotation  conferred  on  the  plauo  of  polarlaatkNi 
durinc  the  llrst  pa^Hase  is  niinulled  during  the  second, 
tho  light  emerging  polarised  In  the  original  plane, 
t'/.  n  :{31, 

^  Ordinary  light  gives  the  same  result. 
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Although  Biot  had  found  that  some  quartz 
GrystftU  «ra  deztro-  and  othen  laevo-rotatory, 
he  was  vnaUe  to  suggest  any  property  of  tho 
quartz — instancing  crystalliuo  form — which 
ooald  be  ooxxelatod  with  the  pheaomenou  of 
loUtkm,  trat  Hersohd  (Trani.  Gaznb.  FhiL  800. 
1 82 1,  1  [i.]  43),  remarking  that  tho  experiments 
of  Biot  gave  the  impression  '  of  a  want  of 
•ymmotry  in  the  disposition  within  the  mole* 
ouiee  themselves,  of  some  of  tlic  elementary 
forces  by  which  they  act  on  light '  (p.  43), 
pointed  out  that  an  indication  of  this  vant  of 
^nunetry  had  already  heea  disoovered  by 
Hafly  in  the  plagiehcdrism  or  hemihedrism 
wliiih  shows  itself  in  quartz  by  tho  prcwence  of 
tiie  JitUe  facets  marked  x  and  x'  m  fig.  2, ' 
which  in  somo  oiystab  km  towMds  the  right 
and  in  others  towards  the  left.  Plates  cut 
from  a  crystal  ahowins  facets  leaning  towards 
the  left,  all  rototod  the  plsne  of  polarisation 
'  to  the  loft,  to  an  obserrer  loorang  in  the 
direction  of  tho  ray's  progressive  motion,  or  to 
the  right  of  one  receiving  the  ray  in  his  eye ' 
(p.  48).  At  the  present  tune  it  is  conventional 
to  denno  the  sign  of  rotation  in  the  latter  way 
so  th  il  his  specimen  was  what  Is  now  called 
dextro-rotato^.  In  eveiy  other  crystal 
enmined  ths  lotatkm  vM  in  tlw  mdw  thai 
would  be  ttqpeoled  from  the  poiitiOB  of  the 
facets. 

Some  twenty  years  later»  this  discovery  had 

a  itaost  important  influence  on  Louis  Pasteur, 
who,  in  1841,  repeated,  for  practice  in  crystallo- 
graphy, a  research  published  by  de  la  Provo- 
stayo  (Ann.  Chim.  Viys.  1841,  [iii.]  3, 129)  on  the 
orystal  forms  of  tartiurfo  acid,  paratartam  acid 
(raccmio  acid),  and  their  Halt?,  in  rtL'nrd  to 
wliich  it  had  been  obeerved  by  Biot  that  tartaric 
Mid  is  optiMlly  aetiTB  (Mem.  de  1*Aom].  ISSS^ 
13,  46)  whilst  racemic  acid  is  inactive  (Ann. 
Chim.  Phys.  1838.  [ii.]  69, 22).  In  this  work  {161^. 
1848,  [iii.]  24,  442)  ho  noticed  something  over- 
looked by  de  la  Provostaye,  namely  tnat  all 
the  tartrate  crystals  had  hemihedral  facets, 
although  they  wero  not  ahvavH  very  distinct, 
wfaecees  xaoemio  aoid  and  such  of  its  salts  as  he 
examined  showed  no  hemihedrism.  He  also 
observed  that  tho  ratio  of  two  of  the  axes  in  the 
tartrates  is  nearly  the  same,  whilst  the  third 
difian  oonsiderably,  and,  if  crystals  of  diHarent 
tertrat^'s  V>e  nimilarly  situated,  the  arrangement 
of  the  hcniiht'dral  facets  is  always  in  the  same 
sense.  It  t  hen  occurred  to  him  that  the  relation- 
ship which  had  been  inferred  by  Herschol  for 
quartz  might  also  apply  in  the  case  of  the  tar- 
trates. Just  about  tliirf  time,  Mit.^chorlicli 
stMted  that :  *  Sodium  ammonium  tartrate  and 
•odttnm  ammonium  raoemate  have  the  same 

chrmical  cnnstitllfciOO,  tiie  same  crystal  form 
with  the  same  an|des,  the  same  spccitiu  gravity, 
and  the  same  douole  refeeotlon,  in  consequence 
of  which  their  optic  axes  are  inclined  at  the 
same  angle  ;  .  .  .  tho  nature  and  number  of  the 
•lOBHb  their  arrangement  and  their  distance 
from  each  other  are  the  seme  in  both  com- 
pounds,'  and  yet  tartaric  aoid  in  sohition 
rotates  tho  plane  of  polari.-  '.tion  of  light  whilst 
dissolved  racemic  acid  is  indiUcrcnt  (Monatsbcr. 
dor  Bed.  iUokd.  1848;  ampt.  lend.  1844,  19, 

*  lbs  flgore  givsn  br  Henohel  Is  Incorrect.  It 
'  a  twin  wideli,  prasunabljr.  woold  have  00 


720).  Pasteur,  thinking  it  possible  that  Mit- 
scherllch,  like  do  la  Pn)Vostave,  had  overlooked 
the  presence  of  hemihedral  facets  which  might 
be  expected  on  tho  tartrate  but  not  on  the 
zaoemate,  then  investiMted  these  salts,  wliioh 
were  not  unong  tlioee  he  had  already  examined. 
iVs  ho  expected,  the  tartrate  was  indeed  henii- 
hedral,  but,  to  his  surprise,  the  raoemate  was 
hendhedralalso.  On  ckMer  examination,  however, 
he  noticed  that  whereas  the  facets  on  the  tartrate 
crystals  all  occurred  in  the  same  position,  in  the 
raoemate  Uiey  appeared,  sometimes  to^rards  the 
right,  sometimes  towards  the  left.  Doubtless 
still  guiiled  by  Herschel's  idea,  he  jrioked  out 
from  tho  mass  some  of  each  kind  of  crystal  and 
whm  dissolved  separately  in  water  one  sort  gave 
a  dextro-Totetory  sad  the  other  n  lavo-iotMOKy 
sohition.  Fig.  4  shows  the  eppeetaaoe of  thew 
crystals  whoso  formula  is 

lla(NH4)C,H40„4HjO. 
Racemic  acid  thus  appeared  as  a  fomix)und 
or  a  mixture  oi  a  pemuiar  kind  perhaps,  of 


ordinary  tartaric  acid  with  another  variety  of 
tartaric  aoid,  similar  in  every  respect  except  its 
rotation  and  the  shape  of  its  erysnli  wUeh  were 

exactly  equal  ahhuutrh  opposite  in  sense. 
Bacemic  acid,  liowover,  does  not  separate,  under 
any  conditions  at  present  Imown,  into  the  two 
different  forms,  and  indeed  it  is  only  by  crystal- 
lising it  'M'ithin  narrow  limits  of  temperature 
that  sodium  ammonium  tartrate  will  aqtarato 
from  solution  in  the  two  different  forms.  Her* 
schel  had  already  a  distmct  idea  of  a  relationship 
between  asymmetrical  crystal  structure  and 
optical  rotation  and  the  idea  was  much  de« 
vek)ped  by  Fsstenr  as  regards  the  ehemioal 
molecule.  He  ])ointed  Ottt  that  many  of  tho 
objects  with  which  we  are  acquainted  can  be 
separated  into  two  classes:  thoee  wliich  are 
superposible  on  their  mirror  images  and  those 
that  are  not.  Thus  the  human  liody  as  a 
whole  and  apart  from  minor  irregularities,  a 
straight  stair,  a  regular  tetrahedron,  aro  identical 
with  their  mirror  images.  But  the  mirror 
image  of  a  right  hand  or  of  a  U:ft  hand,  of  a 
spiral  stair,  of  an  irr^ular  tetraliedron,  al* 
though  each  is  similar  to  its  ohjeefc,  is  not  super* 
p<»-^iMe  on  it  ;  cannot,  in  tho  language  of  EucHd, 
be  similarly  situated  ;  tho  image  of  a  right  hand 
is  a  left  liand.  The  moleonlee  of  the  two  forms 
of  tartaric  acid  Pasteur  supposed  to  differ  in 
the  same  way  ;  the  image  of  a  dextro-rotatory 
molecule  is  a  hevo-rt)tatory  molecule.  They 
would  not  then  be  expected  to  vary  in  regard 
to  symmetrical  forces  or  prcjpcrtios ;  they 
woukl  have  tlu  -unie  sohibihty,  the  same 
density,  the  same  amount  of  water  of  crystallisa- 
tion—<nr  laek  of  it — ^the  same  melting-point, 
tho  game  strength,  and  in  many  of  their  re- 
actions they  would  behave  alike,  with  ethyl 
aloohol  or  sodinm  hydroirido,  for  example.  But 
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with  mpect  to  certain  otlner  foroes,  presnmably 

un^m  metrical,  they  behave  exactly  in  oppogite 
senses — whiliit  one  rotates  the  planu  of  polarisa- 
tion of  lijj^ht  hy  a  definite  amount  in  one  direction, 
the  oihm  rotates  it  by  juat  th»  same  amoant  in 
the  opposite  difeeHon. 

P  i-i<  \ir  further  fort-saw  that  by  r.  tiMnine 
each  ut  a  pair  of  enautiomorphously  relateo 
molecules  mth  one  form  of  some  otiiier  motive 
niolfculf',  figures  should  ifit;iiTit  f!  v."hi^h  would 
no  louger  be  oompletelv  rimntioinorphii-.  ThuB. 
for  inataooe,  if  a  right*handed  mid  a  loft-handed 
spiral  of  equal  dinu-nsiont<  be  each  combined 
with  a  right-handed  spiral  of  a  different  diameter, 
the  two  compound  figures  will  not  be  onantio- 
luorphously  leUted.  Conipvimds  aaoh  •«  they 
may  be  supposed  to  n  prt-scnt,  need  not  be 
expected  to  hHow  an  idi-iitical  Ix'haviotir  even 
to^i'ards  symmethoal  forces.  They  might  not 
haTO  the  same  melting-point,  for  instance,  or 
the  samp  solubility.  This  P)u>teur  fminrl  to  be 
the  case.  He  prepared  cinchoiiiciiic  hxdrogcn 
raccmate  and  on  allowing  the  solution  to  evapo- 
rate, the  arid  wilt  of  cindionicine  with  la  vo- 
tartaric  acid  iiepurated  tirst,  after warda  the 
corresponding  salt  of  ctnohonicine  with  dextro- 
tartaiic  aoid  aho  orystallisod  out.  The  two 
wef9  quite  different  in  appearance,  in  flohi- 
bility.  in  melting-ijoint,  and  troni  them  the  two 
different  acids  could  be  obtained.  Thus  Fasteur 
intfodooed  that  method  whidhi,  dnoe  Us  time, 
has  hern  used  more  than  any  other  for  the 
lesoluttou  of  8ul>staiui\«  Kiniilar  in  character  to 
xaoemioaeld. 

Pasteur  carried  his  investigation  a  step 
further.  It  was  known  that  commercial  calcium 
tartmte  oocairioBaBy  famtnted,  with  the  forma- 
tion of  various  prodnoto.  He  imitated  this 
fermentation,  first  with  ammonium  tartrate, 
whicli  was  di  sfnn'ed,  and  then  with  anunoniuin 
laccmato.  In  tlie  latter  case,  the  liquid, 
originaUy  inaotiTe,  gradually  became  uevo- 
rotatory,  and  from  it  could  l>e  olitaincd  ulti- 
mately la.'vo-tartaric  acid.  The  micro-organisms 
had  destroyed  the  dextiONaoid.  leaving  the  lievo- 
isomeride  I)ehind.  Here,  again,  Pasteur  estab- 
lished another  method  of  a  general  character  for 
the  resolution  of  subBtanoes  of  the  type  of  caoemic 
acid.  (For  a  fuller  account  of  these  researches 
tee  Alembic  Club  Reprints,  No.  14,  W.  F.  Clay, 
Edinburgh  ;  also  Pasteur  Memorial  liBcture,  P.  F. 
Frankiand,  Uhem.  Boo.  Trans.  1897,  71.  683). 

Even  this  brilliant  work,  however,  snppikd 
no  critcrii'ii  to  decide  whieh  chemical  compounds 
were  similar  in  characlor  to  raceniic  acid,  and 
might  therefore  be  expected  to  yield  dextro- 
and  Li  vo-  isnmerides,  while  theoretical  orsi^nie 
uhcmidtry  was  not  at  that  time  suifitiienlly 
dovelofied  to  render  possible  a  correlation  of 
rotatory  power  with  the  constitution  of  naturally 
occurring  active  substances.  Some  twenty 
years  had  to  elaj>»e  before  this  became  possible, 
the  work  of  Pasteur  being  the  incentive  to  one 
attempt  to  oireroome  the  diffioulty,  the  invefltiga> 
tions  of  Wipli* cims  on  the  \  ariouH  forms  of  lactic 
aoid  and  the  spcculationH  of  Kekute  having 
much  to  do  with  another. 

As  Wislircnns  piointpd  nut.  the  jilane  formula* 
in  UKe  HlK)Ut  187U  were  ui.Hutliciciit  to  explain 
the  existence  of  the  ihrvc  known  laetio  acids, 
and  he  Hupget^tenl  that  this  subtle  isomerism 
might  perhaps   be  repteeented  by  different 


spatial  arrangement  of  the  atoms  of  the  mole- 
cules. Paralactic  acid  and  fermentation  lactic 
acid  were  probably  only  geouRtric  isomerides 
(Ber.  1869.  2,  560,  62l)  ;  Annalen,  1873.  67,  343). 

In  1874,  van  't  Hoff  (in  a  jmmphlet)  and 
Le  Be  {Bull.  Soc.  chim.  1874,  [i:.]  22,  IVM) 
lished  practically  identical  views,  ri  iVn  tii;  the 
asymmetxy  which  Pasteur  had  attributed  to 
the  moleoole  oiF  an  aetive  oompomid  as  a  ivhole 
to  one  or  more  of  its  carbon  atoms.  Tf  a  carbon 
atom  be  combined  with  four  different  at4>m.H  or 
groups,  and  it  be  assumed  that  the  affinities  of 
the  carlx^in  atom  are  directed  towards  the  aniil*>iJ 
uf  a  tetrahedrou,  it  is  possible  to  arrange  the 
four  groups  in  two  diffoent  wajrs  such  that  the 
minor  image  of  the  one  arrangement  is  identical 
with  the  oner  arrangement  (Fig.  5).  Further, 
suoh  oonpoimds  as  were  knom  to  be  optioaUy 
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active,  contained  carbon  atoms  of  the  above 
character,  whence  it  might  be  tnfern  d  that 
any  inactive  oompomid  containing  an  asv m- 
metric  carbon  atom  should  be  capable  of 
resolution  into  active  isomerides. 

This  idea  expUmed  all  that  Pasteur  had 
discovered  about  tartaric  acid.  The  con* 
stitutional  formnlse  then  coming  into  nm, 
exhibite<l  the  ])re3ence  of  two  asyinnietric  earixni 
atoms  in  the  substance,  and  by  combining  two 
such  atoms  in  different  ways  it  was  possiue  to 
account  for  all  the  existing'  i.sumerides.  Thus,  in 
Fig.  6^  the  grouping  of  the  radicles  about  the 
upper  carbon  atom  is  the  same  as  that  about 
the  lower  one,  and  since  both  the  radicles  of 
which  the  molecule  is  composed  are  the  same  in 
configuration,  the  molecule  should  be  active, 
say  in  a  dextro  sense.  Fig.  7  showK  a  molecule 
compo.Hed  of  two  radicles.,  each  of  opposite 
asymmetry  to  those  of  Fig.  {^,  and  should 
thsrefoie  xepresmt  imv^tartario  acid.  A 
mixture  of  equal  nnmbem  of  these  molecules 
will  constitute  racemio  acid,  which  is  capable 
of  resolution  into  the  two  active  forms,  whilst* 
if  two  radicles  of  opposite  asymmetry  be  com- 
Inneil.  as  in  F'vj..  S.  the  molecule  obtamed 
»iiuuld  be  inuetive,  because  the  two  parts  of 
which  it  is  composed  t«id  to  turn  the  plane  of 
polari.'^ation  of  liuht  equally  in  opposite  direc- 
tions, and,  at  the  hauie  time,  it  should  not  be 
capable  of  resolution  since  all  the  molecules 
composing  it  are  exactly  the  same.  Tbit  is  the 
me«o-tartario  aoid  of  Pssteor.  The  spirais 
drawn  rovnid  the  asymmetric  atomB  and  pa.^sinp 
through  the  groups  always  in  the  same  sequence, 
help  to  show  that  the  twist  given  to  the  plane 
of  pnlnri«fitinn  iff  light  is  in  the  same  sense 
whichever  end  of  tlie  nmleoule  the  ray  eiit^R*  at. 
The  lower  formulic  of  the  Fi}:s.  (i.  7,  s,  show  the 
conventional  niethud  nf  ])njectinp  these  three 
dimensional  figures  on  to  the  plane  uf  the  paper. 
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The  mA  euxied  oat  on  opti«*l  aetivity 

ftince  the  publication  of  tho  views  of  vnn  '  t  HofT 
and  Le  Bd  has  been,  for  tlie  mobt  piirt,  a  splendid 
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confirmation  of  them,  but,  in  some  directions, 
ihoe  have  been  developments.  It  has  been 
shown  that  carbon  is  not  the  only  element  that 
can  give  rise  to  optical  activity.  In  the  case  of 
nitrogen.  Pone  and  Peaohey  (Qiem.  Soo.  Trans. 
18M,  7Sk  1127)  wtn  waoomUl  in  resolving 
benrylphenylallylmethylammonium  iodide  hy 
means  of  i-camphorsulphonio  acid  (mc  uImo  l\}\>t' 
•nd  Bead.  ibid.  1912,  101.  519),  and  later,  H.  O. 
Jone«  (ibid.  1903.  83,  1418;  1904,  85,  223) 
re»*olved  phenylbenzylethylniethylammonium 
iodide  {see  aUo  ibid.  190(3,  89,  280).  Gampfiunds 
owing  their  aotivi^  to  the  ppManeo  of  an 
asymnietrio  tin  atom  oMained  hy  Pope 
and  Peachey  (Chem.  Soc.  Proc.  1900,  Ifi.  12), 
others  containing  asymmetrio  sulnhur  by  Pope 
and  Ptachey  (Chem.  Soo.  Tnm.  1900,  77,  1072), 
and  Smilea  {ibid.  1900,  77,  1174),  asymmetric 
selenium  by  Pope  and  Neville  (ibid.  1902,  81, 
1552),  asymmetric  silicon  by  Kipping  {ibid. 
1907,  91,  209;  1908.  93.  2090),  anymmetric 
phosphorus  by  Meisenheimer  and  Liclitoiistadt 
( Ber.  191 1,  44,  350),  and  Kipping  and  (  halk  nger 
(Uiem.  Soe.  Trans.  1911,  99,  626),  and  even 
a^ymmetrio  cobalt  (Ber.  1011,  44,  1887)  and 
dnomium  (ibid.  1912,  46,  866)  by  Werner. 

Pasteur  attribated  the  rotation  of  chemical 
oompounds  to  tho  asymmetry  of  the  moleeale 
as  a  whole  and  van  't  Hoff  pointtnl  out,  in  1877 
(The  Arrangement  of  Atoms  in  Space,  1898, 
199),  that  a  oomponnd  derived  from  aUene  of 

the  formok  '>0':='0<Q>(K'.2  ought  to  eiirt  in 

two  enantiomorphic  and  therefore,  active  forms, 
because  if  a,  6,  and  the  bonds  joining  them  to 
their  carbon  atom  lie  In  tlie  |i^e  of  the  pajxT, 
r.  d.  and  their  bonds  must  lie  in  a  plane  perpen- 
dicular to  the  lirst,  su  that  a  tetrahedron  oould 
be  laid  Uiioa(^  the  pomts,  e»  6,  e^  d.  Thus 
optical  activity  might  exist  in  a  compound  con- 
taining no  asymmetric  carbon  atom  as  delincil 
by  van  't  Hoff.  Attempts  to  prepare  raeh 
rabstanoes  failed  until  Perkin  and  Pope  sue- 
oeeded  in  synthesising  (•methykj/cZo-hexylideue- 
4^etio  aciil 

(uliioh  ia  not  enetly  of  the  aboTe  type)  and 

this  was  later  resolved  into  its  two  coni|>oiirtit-^ 
by  crystallisation  of  the  Ivuoine  salt  from  dilute 
alBohol  (Mdn,  Pope  and  Walbuih,  Chem.  Soe. 


Trana.  1009,  98,  17W;  tm  obo  PlNridn  and 

Po]K  ,  ifjid.  1911,  99.  1510).  A  oomponnd  the 
asymmetry  of  which  is  of  the  aame  kind  is 
44»dmhioey6lo>he»iieearbozytte  aeid 

(Mills  and  Bain,  Chem.  Soc.  Trans.  1910,  97, 
1866),  but  tho  claim  that  these  oompounds 
really  contain  no  asymmetric  carbon  atom  has 
been  disputed  by  Everest  (Chem.  News,  1909, 
100,  205 :  Cbfsm.  Soc.  Pioc.  1911,  27,  286),  and 
Marsh  (ibU,  1911,  27,  317  ;  see  aIm  P.  F.  Fiaok. 
hmd,  Cihem.  Soo.  T^ana.  1918,  101,  666). 

Additional  Methods  for  producing  (^ically 
Jakm  Cmpotmit, 

To  Pasteur's  three  methods  for  obtaining 

optic  iilly  active  compounds  there  may  be  added 
some  others.  Marckwald  and  McKenzie  found 
(Ber.  1899,  32,  2130)  that  when  mandelie  acid 
was  heated  with  menthol  for  an  hour  at  155°, 
tho  mandolic  acid  which  remained  unacted  on, 
contained  a  greater  proportion  of  the  la?vo- 
than  of  the  dextro*  oonstituent,  and  on  this  faot 
a  method  can  be  based  for  separating  them. 

Again,  when  an  inactive  substance,  whilst 
in  combination  with  an  active  compound,  is 
aulmiitted  to  some  leaetion  which  produoea  in 
it  an  asymmetric  carl)on  atom,  it  often  happens 
that  one  arran^ment  of  the  group  around  this 
new  asymmetric  atom  is  fioauoed  in  pcclerence 
to  the  other.  The  new  asymmetrio  molecule 
can  then  be  separated  from  the  one  originally 
active.  Thus,  for  cxiimjilc,  hv  re<luction  of 
Z-menthyl  pyruvate  CH^-fX)— CO  OCjoH,,,  I- 
menthyl  hwtate  GHa— yH(OH)— CD'OC^gHi,, 
was  obtained  (McKenzie,  Chem.  Soc.  'I'lans. 
1905,  87,  1373),  and  the  lactic  acid  separated 
from  this  was  immd  to  be  slightly  Isvo-rotatory. 
By  such  processes  of  asymmetric  injnthtxif, 
McKenzie  has  pnulucecl  otlier  active  compounds 
(ibid.  1904,86, 1249;  1905,87, 1004;  1900^M^806). 

An  ingenious  asymmetric  synthesis  was  also 
carried  ont  by  Blarckwald,  by  heating  the  aoid 
brucine  salt  of  raethyl-ethvl-malonic  acid,  when 
j  valeric  acid  was  obtained  containing  a  sluzht 
I  excesB  of  the  lAvo^isomer^Ber.  1994,  27,  4690). 
,  These  methods  are,  however,  meanwhile  only  of 

theoretical  interest. 

The  *  Walden  Inversion.^    Psateor  showed 
that  d-tartario  acid   can    l>e   cfmvertcd  into 
{-tartaric   acid    by   an   indirect    pn>ce.ss.  By 
heating  (i-tartaric  acid  under  certain  circum- 
stances (Pasteur,  Cbmpt.  rend.  1853,  37,  162 ; 
Jungfleisch,  Bull  Soo.  ohim.  1872.  18,  201  ; 
Winther.  Zcitsch.   physik;.!.  (liem.   1906,  m, 
466,  720),  a  rearrangement  of  the  groups  about 
the  asymmetric  atoms  takes  plaoe  and  ulti- 
mately an  inartivo  niixtim"  of  rn<(>mic  arid  anti 
mesotartaric  acid  is  obtaine<l.    The  raccmic  a<  id 
I  Oan  then  Im>  resolved  by  on*-  or  other  of  tin- 
I  processes   he   ha<l   disco  veriHi.    It   would  be 
'  possible,  theoretically,  to  transform  practically 
the  whole  of  a  given  quantity  of  {/-tartaric  acid 
into  the  Invo  variety,  but  the  experimental 
dtffionltfes  would  be  very  great.   Smoe  the 
iiiitimd    prr>r(c<Is    by   race mL^at ion.   the  sub- 
stance operated  on  passes  through  a  stage  of 
•  inaetivity. 
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In  certain  ctisos.  fiowcver,  it  id  po.s.sible  to 
iraosform  a  juoleouie  of  ono  mymmebty  into  a 
moleoole  of  opposite  asymmetry  witllOQt  passing 
through  aiiy  stago  of  inactivity.  Ltrvoix^iaUny 
asparagiim  when  act«<l  on  by  nitrous  acid  yields 
it£t)orotatory  malio  acid,  and  Walden  fovnd  that 
j-malio  acid  yieWed  with  phosphorus  ponta- 
chloride,  a  dex/rorotatory  chlorosuocinio  acid, 


Th. 


IL  AppAxaTira. 

n]i|>Hratu.s  u»e«l  by  Biot  (Ann.  Chim. 


Phys.  1840,  [ii.]  74, 428)  and  others  oonnsted  oi 
a  polarising  mirror,  the  Ught  from  «1iioli,  alter 

passing  through  the  substance  under  investiga- 
tion, -wm  t;xamined  by  mt>ajis  ui  a  doublo  re- 
fracting rhomb  of  Iceland  spar,  or  a  prkm  sacra 
as  that  of  Rochon  or  WoiIi-tnTi,  adju.-itmont 


which  therefore  might  be  supposed  to  oomnond   ?I  i   ^  .  i  \ 

inoon%i»tiontor.maUoacTandtoaepara5ne.   'ffS  ^^"^  P^.^f  ^j-  ^'^  "l^^l^  o'"^ 

'KM«»r.j  w.«.k.n  u  /#iu  o/Trnl--    other  of  the  images  vanished. 


TQdai  nid  IfarahaU,  however  (Chem.  Soo.  Trans 
ISOft,  07,  •  494),  observed  that  /,/ uorotatory 
asparagine  gave  with  nitrosYl  ohioiide  a  kevo- 
nMory  ouorosnooinie  add;  whilst  Walden, 
about  the  same  timo,  dlscfjvort'd  {Bvr.  1895,  2S, 
2769J  that  this  atspiragino  treated  directly  with 
bfOiniDe  and  nitric  oxido  gave  a  2(m>orotatory 
bromosuooinio  acid.  Thus,  starting  from  /cevo- 
rotatory  asparagine,  we  can  prepare  according 
to  the  reagents  used,  either  /(avorotatoiy  or 
42ex^vrotat^  ohJoroattcoiiiio  acid. 

Lfttcr,  WaUm  (Ber.  1896,  29,  133)  com- 
ploted  tho  IblLiwing  cycle : — 


1-MaUcacid. 
KShlOiiwiMMlnto  add. 


pa. 


d-CbIoro»uccinic  acid. 

KOH 

KOH 

-> 

Caustic  potaah  and  silver  oxide  act  thus  on 
the  oihloitNraoohiio  tetdi  In  an  exactly  oppooite 
manner.  One  of  thepo  changes  mu^t  !i  ihnormal 
being  accompanied  by  aa  exohango  of  two  of 
the  mdiolee  attoeihed  to  the  asymmetoic  carbon 
atom.  In  one  case  the  NH,  group  of  the 
asparagine  is  rephwsed  directly  ;  in  the  other  it  , 
or  the  chlurino  atom  which  is  substitxtted  for 
it»  exchanges  places  at  the  same  time  with 
one  of  the  olher  groups. 

CH,-CONH, 


/ 


coou 


H 


AiparoelDs. 


COOU 


COOH 


Cil.COOH 


OOOH 


Cblorosuccini* 


Those  reactions  are  generally  accompanied 
by  a  little,  and  often  by  a  great  deal,  of 

racomisatinn. 

So  far,  httlc  of  a  really  general  characltr  ha.- 
been  discovered  about  this  most  interesting  r<> 
action.  For  further  <If  taiI.<  thr-  pnprrs  of  Walden 
(Ber.  1899,  32,  J833),  Ilnhcr  {ibid.  1UU7.  40, 
489  ;  1908,  41,  889,  1286,  2891  ;  .\iinalen,  1911, 
381, 123),  and  MoKenzie  (Chem.  ISoo.  Trans.  1908, 
93. 811 ;  1910, 97, 2684,  etc.)  should  be  consulted 
in  addition  to  thoiic  already  mentioned.  S>a  al^o 
the  Chemical  Society's  Annual  Ecports.  and 
P.  F.  FraoldAiid,  Gbem.  Soo.  ~ 
672. 


Traiui.  1912,  101. 


A  meat  impioveiiiient  was  made  by  Niool 
(Bdm.  l?ew  M.  Jour.  1828,  [iL]  6.  83;  1831. 
[ii.]  14,  372;  is:5n,  [ii.]  27.  who  hivented 

the  prism  bearing  his  name  (Fig.  9).  It  is 
usually  made  ficoin  «  rhomb  of  Iceland  spar 
about  three  times  aa  long  as  biiDed,and  the  end 


faces,  ABf'Bnnd  KFGH.should  first  Ix- ground  down 
so  as  to  reduce  the  acute  angled  kac  and  luy. 
from  71"  to  68**,  but  this  seems  seldom  to  bt- 
done  (S.  P.  Tbompsoo,  Fhii.  Hag.  1886^  [v.]  21, 
479).  The  piism  is  then  out  uuor^h  m  die 
{llano  EKCL  per[>endicul!ir  to  the  principal 
ttection,  in  this  case  the  plane  through  acuk. 
The  plane  kkok.  ^  makes  an  ang^  of  90°  with  the 
faces  ABCD  and  kfgh.  Tho  ivro  halves  of  the 
priBiu  are  then  cemeiiUxl  together  again  in  their 
original  |X)8ition  by  means  of  Canada  balsam  or 
Copaiva  balsam,  tho  indices  of  refraction  of 

,  which  lie  between  those  for  the  ordinary  and  tho 
oxlraordinary  rays.    Tho  index  of  refraction  of 

I  the  ordinary  ray  being  1*664  and  that  of  Canada 
balsam  1-66,  it  can  easily  be  shown  that  any 

I  ray  whose  angle  of  induenco  i»  grcjiter  than 
69'5*',  will  }jo  reflected  out  of  the  prism.  On 
looking  through  the  prism  and  tilting  it  so  aa 

,  to  allow  the  ray.-<  to  fall  very  obliquely  on  the 

I  face  ABci>,  thiii  hiuit  is  marked  by  a  aeries  of 
interference  spectra. 

The  other  Umit  is  conditioned  by  the  fact 
that  whereas  the  index  of  refraction  of  the 
ordinary  ray,  1-G54,  applies  in  any  direeiion 
through  the  crystal,  that  for  the  extraordinary 
ray,  1*483,  only  holds  porpendieular  to  the  optio 
axis.  A.S  the  direction  of  the  ray  throuch  tho 
crystal  apptoaches  more  nearly  to  that  of  tho 
optio  axis,  the  value  of  fx,  approached  1*654,  and 
in  b'OniC inlcnnediat*,'  po.-itlon  will  have  the  value 
1-55,  equal  to  that  ol  the  Canada  kikam.  All 
extraordinary  rays  having  a  value  greater  than 
this  are  liable,  like  the  ordinary  raj^,  to  be  totally 

'  It  <?ho»i!fi  >ip  notff!  that  the  dlrertlon  of  the  plane 
of  i-f'i't  ifti  ia  p;at  t  ii'iilU  iiiiiii;it>;ri;il  :  all  lli.it  is  neces- 
Rftry  in  that  it  tliould  iimke  suitably  ;ui>:le  with  the 
rjiys  tr:i\  1  r-iiit;  the  prism.  If  the  plane  wi  ro  laiil  iti  in 
i>  to  I'  \hi'  '■rilinar>'  rnvf»,  tho  vibrati' in-;  of  uln.  li  are 
pcrpendii-ul.ir  to  tiii-  ]il;irn',  lur  r,''|.  <■;..  (1  out  tO 

tho  remote  side  of  the  pribiu,  whil^  the  extraordinary 
rays  would  peas  on  ss  Man. 
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nlleotod  ftt  tbe  balsam  film.  Fig.  10  shows  the  |  ansles  ordinary  mys  viU  be  totally  refleoted 
prism  in  aeetioD  through  acqs.  All  rays  below  and  extraordinary  rays  will  pass  through.  The 
WT — mek  the  angle  vxc  is  aboat  10° —  |  field  of  view  is  thus  very  narrow,  only  com- 
iwdiiuttjoreKtiaocdinwjfBafiertotelidlBOlm  i  prising  for  tli»  x»ys  beim  they  enter  the  pdsm* 

'  some  8*. 

Again  (1),  pert  of  tbB  lUbt  inoideBt  on  tbe 
ilopi]^  end  laoe  of  *  Niool  Is  reJlBoled  1liere» 


Fio.  IOl 

■ 

On  tilting  the  prism  so  tliat  tho  rays  full  almost 
noimally  on  uie  rei^caoting  iaoe.  this  limit  is 
nHoked  by  s  broad  bine  and  violet  bead.  All 
rays,  therefore,  between  iry  and  ■vrv'  should  be 
poiariaed  in  passing  tiirough  the  prism.  The 
angle  between  these  directions  is  some  32**. 

Th'>  action  of  the  prism  does  not  dt^jxind  on 
the  separation  of  the  two  rays  which  occursj  in 
the  erystaL.  It  is  usually  a  oone  of  light  that 
enters  the  prism  so  that  ordinary  and  extra- 
ordinary rays  may  travel  side  by  side,  Imt  on 
account  of  thoir  different  velooities  in  the  crystal 
the  forma:  are  totally  xefleoted  at  the  film 
whibt  the  btter  pwv  thioagh  it.  The  vibra- 
tions  ooiistituting  tho  ordinarj^  ray  are  sup- 
posed to  take  place  in  a  piano  ]mrAUel  to  BD, 
tiboee  of  the  extraordinary  ray  in  one  parallel 
to  AC,  and  therefore  thoy  are  polarised  in  pbmee 
at  right  angles  to  thciie. 

mg.  11  represents  a  Niool  prism,  end  on. 
Tho  principal  pluie  pewe<a  through  AO  perpeii> 
dioular  to  the  plane  of  the  paper.  If  a  aooroe 
of  light  be  examined  through  two  Nicob  placed 
one  behind  the  other  so  that  their  principal 
planet  ooinaide  (Fig.  12),  the  vibrationi  which 
pan  through  uoh — the  remote  prism,  the 


[Fn*  I. 

and  (2)  a  ray  of  light  falling  on  tlic  prism  in  the 
direction  of  the  axis  of  length,  emerges  parallel 
to  ite  original  direction  but  somewhat  displaced, 
so  that  if  the  Niool  is  rotated  ^  image  oinias 
round  the  field,  this  being  the  ease  even  if  llie 
ends  of  the  prism 
are  oat  ■quaie,  as 
shown  in  JFii'.  1 
The  extraorumary 
ray  will  JMUS 
through  the  prism 

!  without  displace- 

I  ment  only  if  the 
refracting  surface  is  cut  parallel  to  the  optic 
axis.  A  priam,  out  as  shown  in  Fig.  16, 
which  partly  corrects  these  faults,  was  first 

\  describ^  by  Harinack  and  Prazmowaki  (Ann. 

I  CJhim.  Phys.  1866,  [iv.l  7,  181).    The  end  faces 

i  are  still  inclint'<l  at  an  angle  to  tho  axis,  but  the 
plane  of  ecction  iii  perpendicular  to  the  optio 

j  axis. 

'  S.  P.  Thompson  (Phil  Mag.  18S6^  [v.]  21, 478) 
,  modifiM  the  Nicol  prism  so  as  to  improve  oon- 

'  siderably  its  polarising  pro jx-rties.    uw  Fig.  17) 
represents  a  seotion  of  a  rhomb  of  spar,  lj  hohxg 


Fio.  15. 


Fio.  12. 


Fio.  13. 


polariser — and  which  arc  parallel  to  so,  will  also 
pass  through  abod  ;  but  when  the  prisms  are 
oroflsed  (Fig.  13),  the  tight  wliioh  passes  through 
BVOH,  vibrating  parallel  to  bo,  is  stopped  by 
the  analyBer,  abcd,  so  that  part  of  the  field 
appears  dark. 

Tlie  Niool  prism,  however,  has  several 
defeeta,  one  being  the  expense  of  large,  elear 
pi«.'C<.>M  of  spar.  For  this  reason,  Foucault 
(Compt.  rcutl.  1857,  45,  2:}8)  invented  a  prism 
(Kg.  14)  whoae  length  Ls  only  alK>ut  1-25  tinu  s 
that  of  one  of  tho  s'ldv^  ot  the  refractujg  face, 
the  plane  of  bcction  making  with  the  upper  and 
lower  edge  an  angle  of  59°.  Tlu-  Canada  balsam 
ie  repla^  by  air.  An  ordinary  ray  in  the 
prism  incident  on  this  film  at  any  angle  greater 
than  37°  10'  will  be  totally  rcflncted,  the  field 
being  limited  on  this  side  by  intorfcrence  fringes  ; 
an  ezttaordinary  ray  incident  on  the  film  at 
any  anr;le  preatrr  than  42°  20'  will  also  bo 
totally  reflected,  tho  limiting  position  being 
marltsd  by  a  hroad  red  band.  Between  theee 


Fio.  U. 


Fio.  17. 


tlie  direction  of  the  optic  axis.  In  an  ordinary 
Ni(oI.  tho  plane  of  seoUon  would  pass  from 
L  to  Tho  acute  solid  Mglee  at  i  and  f  ate 
out  off  by  the  parallel  \>hiuv^  ZB,  such  that 
ILA=40°  ;  tho  piano  of  iioction  ab  in  almost  at 
right  angles  to  LA  and  BZ.  There  is  thus  com- 
paratively Uttio  loss  of  material,  and  since  the 
rays  travel  through  the  prism  nearly  periHsn- 
dionlar  to  the  optic  axis,  the  blue  bantf  \yhieh 
marks  thr  limit  of  the  transmitted  extraordinary 
wii\i  >  IS  thi-own  back  so  that  with  a  shorter 
prism  a  field  of  about  39  is  obtaineil. 

Other  prisms,  more  or  less  alike,  have  been 
described  by  S.  P.  Thompson  (Pliil.  Mag. 
[v.]  12,  340),     T.  QlaaebrooJc  {ibid.  1B83,  [v.] 
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15.  3r>2).  and  P.  Glan  (Carl.  R<  p.  1880.  16,  ii. 
9.  670  ;  Fortschr.  d.  Phveik,  lb«0,  [v.]  10,  247). 
Fig.  Is  i^ivi-M  a  rough  itloa  of  how  this  prism  u 
«ituatod  relative  to  tht-  original  crvrttiil.  Bv 
IHM«  perpendicular  to  the  optic  axis,  the  solid 


Vio.  1& 

angles  at  o  and  a  are  flrat  romovj-d.  the  prism 
TVjp.wXYZ,  lx5intr  then  cut  out  of  the  remaining 
spar.  The  plane  of  section  is  hud  through  tvzy 
The  optio  asds  ie  thus  parallel  to  the  x^ractuig 

faces,  TV.Tr  and  WXYZ.  while  the  Imlsam  film  lies 
in  a  priiitipiil  i)lane  of  section,  tliat  is,  is  poraliel 
to  the  optic  axis.  There  is  great  WMte  of 
material  in  cutting  this  prism,  but  its  angle  of 
view  is  increased  and  the  iK)larisation  i.s  vcrv 
perfect,  ^ 

,„,Thc  prism  (Fig.  19),  described  by  Lippich 
(Wien.  atzungsber.  1886,  u.  91,  1079;  Beibl. 
Ann.  d.  Hiys.1887,  U,  iM)  for  bis  poiarimeter. 


Fro.  20. 


for  a  different  type  of  prism,  one  to  transmit  the 
onlinary  and  relleot  out  the  extraordin&rv  ray. 

'  A  right  prism  of  dense  glass  whose  indsz  of 
n>fraetion  is,  preferably,  ju^t  the  same  a.s  that 
for  the  ordinary  ray  in  lutlanil  spar,  is  cut 
through  obhqnely  {Fig.  20  may  bo  taloon  to 

,  illustrate  this  prism  also)  and  a  thin  lamina  of 
Iceland  spar  or  sodium  nitrate,  cut  parallel  to 
the  optic  axis,  is  introduced  between  the  two 
parts  and  brought  into  optical  contact  with  the 
eat  faces  or  jomed  to  them  by  means  of  some 
cement  with  an  index  of  1-654  or  higher.  A 
beam  of  hght  jmsHing  from  the  glass  to  the  spar 
separates  into  two  rays.  ITie  ordinary  ray, 
with  the  .same  index  in  the  spar  a.s  in  the  class, 
goes  straight  through.  For  the  extraordinary 
ray,  however,  the  index  is  maoh  lower  in  the 
spar  than  in  the  glass  and  if  the  ray  is  incident 
on  the  layer  of  spar  at  an  angle  of  74*  or  more, 
will  not  jx»nctrate  it  at  all.  This  idea  was  dis- 
covered  also  by  Jamin  (Compt.  rend.  18<}9,  68, 
221 ;  Pogg.  Ann.  I860,  137»  f74),  and  a  desorip- 
tion  of  a  prism  on  this  principle  was  given  bv 
K.  IVrtranil  (Compt.  rend.  1884,  99,  638),  which, 
by  mcAn.s  of  a  double  plane  of  seetkm  had  a 
field  of  view  of  98^» 

The  Poiarimeter.  Ni  col's  prism  appears 
first  to  have  Ix-en  used  in  a  poiarimeter  by 
BlitBoherlioh  (Lehrbuch  der  Chemie,  4th  ed.  1844^ 
i.  361),  whose  faistmment  (Fig.  21)  was  fitted 
at  one  end  with  a  Nieol  prism  heyood  whioh  • 


Flo.  18. 

has  Hi  raigfat  end  faces  of  square  aeolimi  and  a 

linseed  oU  film.  The  optic  axis  is  perpendicular 
to  the  axis  of  length,  but  its  po.sition  relative  to 

the  plane  of  section  is  iniin^itniu!. 

Fig.  20  shows  the  njotiem  form  oC  Nieol 
prism.  A  ray  of  light  falling  normaOy  on  the 
refracting  face  does  not  sejmrate  into  two  ray.s 
pursuing  distinct  path»  through  the  crystal,  but 
at  the  bal.sam  film  the  ordinwy  fay  is  refleoted 
out  whilst  the  extraordinary  ray  passrs  on 
withoai  deviation.    If  the  optic  axis  is  parallel 

to  the  plane  of 
section  the  prism 
is  of  the  tiJan- 
Thomp.son  variety, 
whilst  il  it  is 
perpendicniar  to 
the  plane  of  .section 
the  prism  is  tech- 
nically referred  to  as  a  Lippich  Nieol,  although 
this  is  not  strictly  in  acconlanec  with  Lippirh's  i 
own  statement  {v.  supra).  'J'he  two  imiU  of 
the  j»rism  are  usually  cemented  together  with 
lin  s<  (>d  oU,  which  is  superior  to  Canada  bahtam, 
but  takes  a  long  tine  to  dry.  > 

A  paiHT  read  |,y  E.  .Sum  before  the  Roval 
CHJCiety  of  Edinburgh  in  ls37,  discussing  the  i 
theory  of  the  Niool  prism,  is  remarkable,  partlv 
beoanse  fif^-four  years  elapsed  Ix  fon^  it  was 
published  (Proo.  Roy.  Soc.  Edin.  1891,  81,  323), 
but  also  beoanse  it  oontainod  the  first  suggestion  , 


Fio.  21. 

source  of  monochromatic  light  was  placed.  At 
the  other  end,  another  Niool  was  fixed  to  a 

pointer  which  could  be  turned  round  over  a 
graduated  scale.  The  prisms  were  then  set  to 
the  position  of  maximum  darkness,  which  is  the 
zero  point  of  the  instrument.  If  an  active  sub- 
stance be  interposed  between  the  crossed  Nicola 
the  field  will  become  more  or  less  illuminated, 

*  An  article  "On  the  Nieol  Prism  and  Its  Modern 
Varieties,"  by  S.  I*,  l  houip^in,  oontainiDg  a  bibUo- 
graphy  of  the  Hubjert.  will  l>c  found  in  the  Roosedlnas 
of  lihe  Optical  Convention,  1Q05,  p.  2ie. 
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and  in  order  again  to  reach  the  position  of 
maximum  darkneHH  the  analyser  must  turned 
round  either  towards  the  right  hand — at  the 
top  of  the  Mmle,  oloolewiae— or  towudt  the  left 
luttld.  In  the  former  oa.sc,  tho  substance  is 
dextrorotatory,  in  the  latter,  l«?vorotatory. 
Adjoftiiient  is  always  made  for  the  position  of 
maximuTTi  darkness,  since  nl>()ut  this  point  a 
8  mail  displacement  of  the  pnsm  makt^  a  ooa- 
■iderabto  difference  to  the  eye.  The  position  of 
maximum  brightness  is  muoh  moce  difficult,  in 
fact  impossible,  to  adjust  to. 

Su^'U'cstions  to  obtain  creator  nensitivene.'^.s 
were  made  by  iiobiquet  and  by  Wild,  whilst  a 
very  ingenious  prism  mm  invented  by  Jellett 


the  polariser,  rstu,  paiwing  through  the  dia- 
phragm as  scon  end  on.  will  U-,  for  example, 
OA  representing  those  falling  on  tho  glass  plate, 
end  DC,  representing  those  ralHng  on  we  qiuurts. 
The  wave  oa  on  it.-;  l  a  -  iLir  nn  ugh  the  glass 
plate,  may  be  regarded  aa  resolved  into  two 
compononte*  vibrating  respectively  }>araUel  to 
OE  and  to  oc.  Tliev  travel  with  th  saino 
velocity  and  the  samo  wavo  lengthy  the  re-suitaut 
being  thus  always  parallel  to  OA.  A  wave 
falling  on  the  quartz  plate,  however,  like  i>c,  is 
resolved  into  a  component  paraHel  to  do.  the 
ordinary  ray,  and  one  parallt  ]  to  <  .  Uu  i  \tra- 
ordinary  ray,  these  being  in  reality  very  narrow 
ellipses  (P.  O.  TUt,  L^tht.  1889,  p.  269;  W. 
(Brit.  AMs<>r    T^.  p    1860,  -^M,  H).  hut  jwhaps    Vuitrt.  Ann.  rl.  Pliysik.  1905,  [i v.]  18,  646).  At 


tho  mo»\t  commonly  adoptcKl  projxjsal  was  that 
of  Laurent  (Joum.  de  Phvsique,  1874.  iii.  183  ; 
DingL  poly.  J.  1877.  223,  008).  Ho  placed 
between  the  polariser  and  the  analyser,  close  to 
the  former,  a  glass  plate  to  which  is  cemente<l  a 
half  diso  of  queirts  or  gypnun  cut  parallel  to  the 
Mds,  oelled  a  \aJS  wave  length  plate.  The 
general  arrangement  is  t<ho\m  in  Fi;^'.  22.  P  is 
the  polariser.  generally  a  Fouoault  prism,  D  the 
glaaB  plate  partly  ooverad  by  the  quaita  half 


Fi(i.  22. 

disc,  ic  the  analyser,  usually  a  Nicol  prism.  Tho 
tetesoope  or  is  foeuned  on  tbe  straight  edge  of 
the  quartz  plate.  In  Fig.  23.  let  th<'  cin  le  roKH 
repivscnt  the  polariser  diaphragm;  VUK  is  the 


N  \ 


U 


Via.  23. 

half  disc  of  quarts  whoee  optic  ans  may  lie  in 
any  dirvc-li<>n  in  the  plane  of  the  |»jXT  Huch  an 
OB  or  DC  or  oo.  iSuppoee  that  it  is  parallei  to  oc. 
Tlie  diceetkm  of  Wbralaoii  of  light  wavea  ln>in 


the  mumi;nt  uheu  the  light  touuhes  the  plate 
t  he  particle  of  ether  at  D  of  tho  oomponent  DO 
is  displaced  towaH^  <\  and  simultaneously  the 
particle  of  ether  at  d  of  the  component  db  in  dis- 
placed towards  B,  the  resultant  being  in  the 
direction  DC  These  travel  through  Uie  plate 
with  different  velocities,  that  of  tbe  otdmaiT 
rav,  DO,  LK•in^^  tlie  greater  in  the  ratio  1-553  I  'Ai. 
After  a  certain  short  interval  of  time,  therefore, 
the  eztnuxrdinary  ray  will  have  faflen  one  half 
wave  length  behimd  tho  ordinary  my.  At  this 
moment  the  vertical  displacement  ou  whilst 
the  hoi^Kmtal  displaoement  is  od.  The  resultant 
is  thn."  OB,  thp  planp  of  vibration  of  the  lit^ht 
having  beuu  tunted  through  an  angle  2a  where  a 
is  tho  angle  between  the  principal  plane  of  tho 
pohuiser  and  the  optskuu  ass  of  the  quartz 
plate.  Ab  tbe  two  oomponents  proceed  further 
into  the  quart/,  plate,  the  ordinary  r-w  L'ain.s  a 
whole  wave  length  which  brings  the  rv^uitant 
baok  into  its  original  position  parallel  to  dc.  In 
pursuing  it.*?  way  thmuf;h  tiie  quartz  pkte,  the 
plane  of  vibration  uf  llie  light  thus  oscUiates 
betw^n  the  directions  dc  and  ob.  The  pfatte 
is  made  of  such  a  thickness  that,  on  emergence, 
the  ordinary  ray  is  one  half  wave  length  ahead 
of  th«'  extraordinary  ray  for  the  kiiul  of  lit;ht 
used,  and  therefore  the  pkne  of  vibration  is 
parallel  to  oB.  Whatever  angle  the  orignial 
vibratioii.s  may  niako  with  of,  passage  through 
the  quartz  plato  inverts  it  symmetrioally.  The 
special  character  of  this  rotation  of  the  plane  d 
vibration  of  the  incident  light  by  tho  quartz 
plate  should  be  carefully  noticed,  it  u  of  an 
entirely  ditTerent  character  from  the  rotation 
which  would  be  produood  by  a  plate  of  quartz 
cut  perpendicular  to  the  axis.* 

If  now  tile  light  which  has  ^m.s.sed  tlin  ijh 
the  whole  polariser  system  be  examined  by  a 
Miool  prism,  lmnq,  placed  as  shown  in  the  figure, 
its  principal  plane  at  right  angles  to  that  of  the 
polariser,  the  raj's  that  have  traversed  thu  glass 
plate  and  vibrate  parallel  to  ao  will  bo  stopped 
by  the  aiialy«er  and  the  half  fhk  of  the  circular 
fiolil  will  appear  dark.  But  those  that  havo 
come  through  the  quartz  plate  and  are  parallel 
to  BO  will  pass  to  a  considerable  extent  through 
tbe  Wool  so  that  VOK  wUl  appear  relatively 
briiiht.  If  the  princiiHtl  jilaiie,  ia,  of  tho 
analyser  be  set  jterix-ndicular  to  b<».  ruK  will 
appear  dark  and  fuk  brig^ht.  Midu-ay  lietweea 
these  positions,  the  whole  fwld  should  appear 

'  .An  ini*lrunu'nt  <l<»|K'iMl<'Tit  on  tlira«'ti<  '»  of  a  quart  x 
jt|.ate  rut  |H'r|i"'ii'li<  »ilrtr  Ut  Mic  nxia,  or  on  u  cHl  coii- 
tamiiiusiitinr  solution,  win*  «uKK«stcd  by  J.  H.  Poyntittg 
(PUii.  Mag.  IbSU,  [\.]  JU,  m. 
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uniformly  dark.  If  the  analyser  be  tunietl 
through  90°  so  that  its  principal' plane  iH  parallel 
to  the  axis  of  the  quartz  plate  the  ^rtiole  field 
■hoold  appear  tmifonnly  bright. 

Tho  nroiirary  of  a  setting  dcpen<].s  on  the 
aiae  of  the  angle  a.  If  it  be  small  a  very  slight 
movement  of  the  analyser  should  suffice  sharply 
to  revt-rse  the  relative  brightness  of  the  *ii<lt%s  of 
the  tield.  The  milled  head  is  then  oscillated 
back  and  forward  from  a  position  of  darknen 
on  one  side  to  a  position  of  similar  darkness,  as 
judged  by  the  eye,  on  the  other,  tlu-  OHcilUtions 
being  gradually  narrowed  down  until  the  median 
position  is  reached.  The  angle  a  must  not  be 
made  too  small,  hoirover,  as  then  the  amount 
(if  lii'ht  rut  ofT  is  very  great  and  the  eye  ceases 
to  Ix'  aide  to  distinguish  clearly  between  the 
brightness  and  darkneRH  of  the  tWO  halves  of 
the  field.  The  Laurent  ixdarimeter  can  be  usetl, 
of  course,  with  only  one  kind  of  monochromatic 
light,  being  generally  made  for  sodium  Ught, 
which  is  pohfied  by  passage  through  a  plate  of 
potasnum  diohromate  )>sfore  entering  the 
polarising  system. 

The  Lippioh  polarising  system  is  that  most 
oommonly  used  at  the  present  time  (Wien. 
Sitzungsber.  18S.1.  ii.  91,  1079;  1895,  ii.  105, 
317).  It  is  accurate,  may  be  u.sed  \vith  any 
kind  of  monochromatic  light,  and  can  be  made 
to  give  a  double  or  a  triple  tieUl,  the  latter  U-ing 
the  more  delicate.  Fig.  24  shows  a  plan  of  the 
aKiangoment.  r  ie  the  polaxiMr,  jntt  beyond 


as  famt  lines  diviiling  the  field  into  three  parte. 

Of  these,  r  is  illummated  by  light  which  haa 
I  pa«ed  through  P  and  b  ;  o  by  light  which  hft.« 
I  DRMed  through  p  only  j  and  k  by  hght  wiuch 

iwe  peaied  tlooqgk  V  and  a  Ihe  pobrinr  r  ie 


Via.  24. 


which  and  taking  the  place  of  the  quartz 
plate  of  the  Laurent  instrument,  are  two 
■mall  prisms,  each  of  the  same  depth  but  about 
one  half  the  width  of  the  polariser.  For  the 
small  prisms  both  Hilger  and  bchmidt  and  ' 
Haensch  use  Lipfricb  NiooLs,  whilst  for  the 
polariser  Hilger  uses  a  Lippich  and  Schmidt 
and  Haensoh  a  Glan-Thompson  Nicol.  Figs.  | 
25  and  26  represent  these  systems  in  per- 
spective, one   of   the    small   prisms  being 


Fro.  26. 

capable  of  rot-ation  some  15°  about  I  he  axis  of  the 
instrument,  and  in  average  work  i.s  i>lnced  so  that 
its  principal  pinne  makfit  an  angle  of  4**  to  6** 
with  the  prinei  jia  1  planes  of  the  small  prisms.  If 
now  this  system  l;e  vicwcrl  thr<iiii:li  tl.c  aualvser 
with  its  principal  plane  placed  perpendicularly  to 
that  of  p,  o  should  appear  dark  and  V  and  R 
fairly  bris:ht.  Tf  the  (iTial\'ser  be  turned  so  that 
its  princiiMil  j)lan(*  is  perpendicular  to  those  of 
B  and  c,  r  and  h  should  appear  dark  and  o 
relatively  bright.  The  analyser  should  then  l<e 
oscillated  a)x)ut  between  these  positions,  the 
niovementB  becoming  snialler  and  smallar*  n&tU 
the  final  adjustment  is  reached. 

Scmrte  of  litjhL  The  B^t  oommonhr  used 
for  polarimetri<'  piirj>npcs  is  that  afforoed  by 
incandescent  podiura  chloriile  vapour.  Fig.  27 
leprescnt.s  one  lamp  .suitable  for  producing  it 
and  another  is  shown  in  Fig.  28.  In  the  former, 
■alt  is  placed  in  a  little  movable  spoon  which  is 
then  ■wong  into  the  flame  2  in  the  letter,  •  leige 

n 


Fig.  27. 


Fk;.  28. 


Fto.  86. 

omittixl  in  each  case.  The  direction  of  the  ^ 
optic  axis  is  indicated  by  the  dotted  arrows.  | 

The  ju'lnriser  is  rei  t angular,  but  the  small 
prisma  have  an  anj:ie  of  about  93"  at  D  and  E 
and  are  of  about  87  at  L  and  m  (Fig.  24).  The  , 
small  prisms  are  fixed  so  tliat  their  faces  li> 
and  MB  are  inclined  at  a  siitrht  angle  to  tin- 
a\i-  .;f  the  instrument,  but  the  c<l}.'es  D  and  i; 
arc  pirallol  or  very  nearly  so.  The  eyepiece  is  i 
foeuased  on  theee  edgc8,  which  nauafiy  appear 


size  Meker  burner  is  fitted  with  side  pieces,  iu 
each  of  which  are  slits  to  receive  two  fairly 

stout  platinum  wire^  bent  at  right  angles  at 
the  ends.  Hound  cacii  wire  is  rolled  a  piece  of 
platinum  gau7«  alx)ut  1"  X  IJ".  Pieces  of 
sodium  chloride,  which  have  been  fused,  are  laid 
on  the  rolls  of  gauze  after  the  burner  has  been 
lit.  The  salt  un  its  and  sinks  into  the  meshes 
of  the  rolls,  from  which  it  slowly  volatiliaea. 
The  late  Sir  W.  H.  Barkfai  (Oiem.  Soo.  Trans. 
VMiiS,  80.  (»17)  allowed  what  was  praetieallv  an 
t»xy-hydrt)gen  liimo  U)  on  the  side  of  a 

platinum  boat  containing  sodium  chloride. 
Another  device  bus  Ix-en  described  by  H.  K. 
Armstrong  (Proe.  Hoy.  Soc.  11H)8,  A,  81.  11.'}). 
Siilium  bromide  may  be  used  instead  of  the 
chloride,  as  it  gives  a  more  intense  light,  but  a 
serioua  disadvantage  lies  In  tiie  fMt  tfiat  the 
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bromino  vapour  given  off  nmy  injure  the 
polsrimeter. 

The  light  from  a  burner  volatUisiiig  sodium 
chloride  is  uot  truly  monoohromatic.  There 
is  a  slight  continuous  speotrum,  the  blue  from 
the  Bunaeii  flftme  being  nixly  stiong,  ao  the  light 
It  vraany  Altered  through  a  eattirftted  solution 
of  jx)tHssium  (lichromat<?,  which  rcmovee  the 
blue  and  green  rays  and  is  suffioient  for  most 
porposei.  8ometimf»  a  miall  oell,  I-S  em.  long 
oontainin^  uranous  sulphat^^  solution,  may  be 
used  in  addition  to  the  potassium  diohromate, 
as  it  removes  any  red  rays  that  mav  be  present ; 
but  the  Ix'st  method  of  purifying  the  light  is  by 
spectral  analysis,  a  direct  vidon  spcctroBcopc 
being  placed  between  the  eye  and  the  analyser 
or  in  fmub  of  the  polariMr.  Details  of  the 
former  method  are  giTen  m  a  pftper  by  Sir  W. 
H.  Perkin  (Chem.  Soc.  Trans.  1906,  89,  f^'  t). 

In  a  striotor  sense,  however,  sodium  li^ht  is 
not  monochromatic,  for  its  speotnim  oonsiets  of 
tWX>  lines  very  closi-  together,  D,  of  \=589'62  nfi 
and  D,  of  a  ^589-02  so  that  the  light 
reaohing  the  polariser  is  a  resultant  whose 
optiou  centre  lie«  between  these  w»ve  lengths 


in  proportion  to  the  relative  intensity  of  the 
lines,  which  varies  with  the  density  of  the  vapour 
in  the  flame  and  this  might  h-ivc  tn  1)o  taken 
account  o£  in  very  accuraty  work.  It  is  there- 
fore desirable  to  keep  the  brightness  of  the 
flame  as  constant  as  possible  whilst  a  set  of 
readings  is  being  made.  Otherwise  as  the 
brightness  faUa  off  the  readings  may  vary  a  little. 

Monoohromatic  light  may  also  be  obtained 
from  the  meronry  ate  lamp,  in  the  spectrum  of 
which  there  are  four  chief  lines,  one  in  the  blue  of 
435-9  two  in  the  yellow  of  679  and  576-9  mm 
respectively,  whibt '  the  strongest  and  most 
important  is  that  in  the  yellow-green  of  546-I  fi>i. 
Tiio  other  rays  are  filtered  out  by  a  suitable 
screen  or  by  some  method  of  spectral  purifioa- 

1  tion,  and  the  last  line  is  found  very  useful  foK 
polarimetric  ])uriHJBes  (see  Lowry,  Phil.  Mag. 

'  1909,  [vi.]  18,  320).  K  this  light  be  utilised, 
however,  comparative  measurements  with  sodium 

i  light  should  a]wa3ni  be  given,  as  oUieri»i8e  much 
of  the  value  either  of  the  new  data  or  of  thi;  data 

',  already  amotiiMxl  for  sodium  light  would  ho  lost. 
Tke  polarimeter.    Fig.  29  shows  diagrammati- 

I  oally  a  modem  polMtimeter,  aa  made  by  Schmidt 


PIO.T29. 


and  Haensch,  Berlin,  who,  however,  supply  a 
differtint  heating  apparatus.    The  lamp  A  is  so 

5 laced  tiiat  a  sharp  image  of  tha  flaoWr  the 
iaphragm  T  in  front  of  it,  is  thrown  1^  the  lens  8 
on  the  diaphragra  at  m.  b  is  a  cell  containing 
saturated  potassium  dicluromate  solution.  By 
means  of  c,  the  polarising  prism  d  can  be 
turned  about  its  axis  of  len^h.  and  thereby  the 
angle  altered  which  its  pnnoipal  plane  uiakus 
with  the  priao{pal  planes  of  the  small  prisms  at 
K.  The  heavy  support  f  can  be  moved  alone 
the  bod-plate  o  and  clamped  in  any  deeirod 
position.  The  ohsorvatioa  tube  k  lien  in  a 
widM  tube  which  passes  thvotigh  a  copper  bath 
SHBB  oontaininf  water  or  otnier  llqwd.  Thn 
Imth  is  kept  at  any  desired  temixniture  by 
means  of  the  the r mo -regulator  v  (J.  ISoo.  (Jheui. 
Ind.  1902,  21, 456)  and  the  stiirsr  W.  A  thermo- 
meter t;  indicates  the  temperature  inside  the 
tube  Ui,  which  may  be  taken  aa  identical  with 


that  iu  the  observation  tube,    uq  is  closed  at  L 
and  o  by  two  wooden  blocks,  the  holes  in  which 
I  are  dosed  by  small  f^ass  discs,   q,  the  analysing 
t  Nieol,  is  fastened  to  the  graduated  oirole  p, 

which  is  enclosed  in  a  cover  to  protect  it  from 
:  the  fumes  of  the  laboratory.  The  lever  x 
,  attached  to  the  analyser  and  the  graduated 
circle,  makes  the  ronp;h  adjustment ;  the  fiiie 
adjuHtiuuut  is  made  by  means  of  the  screw 
B.  There  is  also  another  screw  (not  shown  in 
the  figure)  by  which  the  analyser  can  be  turned 
about  its  axis  independently  of  the  graduated 
circle  to  adjust  the  rero  point  of  the  instrument. 
It  may  be  noticed  that  when  the  half  shadow 
— the  senritlvenesB— is  altered  by  moving  the 
lever  c,  the  zero  {)oint  ia  thereby  also  altered, 
i'he  »cnsiUvcne.s.<4  ought  therefore  only  to  be 
varied  very  cautiously  and  the  zero  point  should 
hi'  ivseertainrd  at  frequent  intervals,  Inist  along 
with  each  observation.    Fur  an  interesting  case 


Digitized  by  Google 


POLABDIBTBT. 


in  point,  see  CSmol  800.  Ihans.  1900,  87, 
618. 

The  water  in  the  thermostat  huhh  should  be 
oovered  with  a  Iftyw  of  medioni  pumffin  oO, 

which,  liv  ]>roventmg  evaporflti<m,  teixds  to 
keep  the  tciiipcrature  constant.  By  means  of 
the  apparatus  shown,  the  bath  oan  bo  kept 
within  about  OOl**  ol  *  given  tempentuie  for 
several  months. 

For  experiments  at  tcm|KTatures  alxjve  80°, 
&  rather  small  bath  filled  with  oil  is  best — wh^ 
the  tempentore  oan  be  raised  to  170*  or  stfll 

if  the  joints  of  the  hath  are  brazed. 
Another  form  uf  heating  apparatus  i.s  shown 
in  Fig.  30.   P  is  the  polariser  and  a  the  analyser 
of  the  instromeni,  wtween  these,  and  having 


i 


Fro.  80. 


the  same  axis,  is  supported  in  some  suitable 
manner,  a  double  cylinder  of  brass  or  ooppe*'. 
The  observation  tube  reats  in  the  position  shown, 
and  the  tubes  Band  D  allow  cither  of  a  current 
o£  water  at  some  defhiite  temperature  being 
eiioalated  through  \]\v  cylinder  or  of  itoam  or 
other  vapour  such  as  that  of  aniline  or  nitro- 
benzene lieing  blown  tiirough  the  api>aratu8 
until  the  temperature  has  become  constant  in 
the  observation  tube.  For  an  illustration  of 
an  instrument  fitted  in  ji»t  a  slightlv  diffwent 
manner,  see  Sobeoer,  Zmeoh.  phyiiinL  Chem. 
1910, 12f  669. 

Polarimder  <ii6m.  Fig.  31  showa  the  end  of 
a  polarimetcr  tul>e  of  the  siniphv't  tyjx-.  Near 
each  end  of  the  glatw  tube  there  is  faistened  a 
metal  collar  having  a  aorev  out  on  it.  The 
ends  of  the  tube  are  ground  parallel  and  fitted 
with  discs,  a,  of  glas^,  which  ought  always  to 


Fio.  31. 
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be  carefully  examined  bfrfore  use  as  oocaaionally 

they  are  slightly  active  on  account  of  internal 
strain,  when  they  should,  of  course,  Ix;  rejected. 
Met-al  caps  proas  the  glass  di.ncs  against  the  ends 
of  the  tube,  rubber  washers  equalizing  the 
piossure  between  them.  The  caps  nrast  not  be 
screwed  on  too  tightly  as  this  may  cause  the 
discs  to  bi^comu  liirefriugont  and  vitiate  the 
readnigs.  In  mmr  ))attcn»  of  tubo,  a  bayonet 
joint  is  used  inst«>a<l  of  a  screw  so  that  the 
pressure  on  t  he  tU^;cs  is  at  least  always  the  same. 

In  some  tuln-s  one  eml  is  of  the  form  shown 
in  Rg.  32.  Any  bubble  that  has  dcveIope<l 
owing  to  contraction  on  cooling,  can  eatiily  be 


I  moved  into  the  expanded  part  of  the  tube  when 

it  dors  not  iiitcrfc-re  with  the  fu-Iil  of  view. 
Etioeciaily  in  small  tubes,  however,  the  exi>anded 
end  greatly  inerc—ee  the  oapadty  of  the  tube, 
which  is  often  a  serimis  objection,  and  tul>e3  of 
the  form  shown  at  k  in  Fig.  2!>  are  much  to  be 
preferred,  «•  they  veadilv  allow  fur  any  con- 
traction or  expannon,aaaoan  therefore  tie  used 
for  determinations  over  a  moderate  range  of 
temperature  if  care  be  taken  not  to  melt  the 
scalmg  wax  securing  the  collars  on  to  which  the 
caps  are  serewed.  Jaekstted  tabes  are  abo 
used  such  that  water  or  other  liquid  at  a  desiml 
temperature  can  be  circulated  round  the  tube. 
This  involves  the  supply  of  water  at  constant 
temperature,  which  i.s  rather  troublesome  ;  a 
suitable  form  of  apparatus  for  this  is  de^scribed 
by  LowTy  (Trans.  Faraday  Soc.  1907.  3,  119). 
With  many  poUrimeters,  on  account  of  ti^  form 
of  the  stand,  this  is  the  only  method  of  heating 
that  can  be  adopted;  but,  wherever  ]« is^iblr,  it 
is  better  to  use  a  thermostat  like  that  shown  in 
Fig.  20,  which  can  be  adjoated  to  any  required 
temperature.  In  susjar  factories,  ff>r  instance, 
where,  especially  in  the  case  of  invert  susars,  it 
ia  deriraNe  aln-ays  to  pdaxise  at  a  oefinita 
temperature  to  avoid  the  neceasity  of  correcting 
the  readings,  a  thermostat  might  be  kept  at  one 
temiKirature  for,  probably,  a  j'car  at  a  time 
without  the  neoesaity  of  renewing  any  of  the 
parts,  and  would  be  fonnd  ver>'  useful. 

Tubes  tike  that  showTi  in  FiLr.  are  snitabk- 
for  investigations  over  a  wide  range  of  temjpera- 
tuie.   A  ^aaa  tube  with  a  aide  piece  ia  fitted. 


1,  M 


a  M 


FiQ.  33. 

somewhat  loosely,  at  each  end  with  «  brass 
ring  K.  The  disca  arc  then  placet!  in  position 
and  short  pieces  of  rubber  tubing  drawn  over 
the  ends  of  the  tube  so  as  to  proieot  beyond  the 
discs,  thus  serving  to  prevent  leakage  and  as 
waahersas  well.  Two  other  brass  ring's,  M.  L,  an- 
plaoed,  one  at  each  end  and  secured  there  by 
biasa  roda  which  p«n  freely  through  three  holes 
in  M  and  k,  k,  and  screw  into  holes  in  L.  The 
rin^s  K,  K  should  l>e  near  the  ends  of  the  tuba^ 
their  object  being  to  keej)  it  in  position  between 
the  rincs  M  and  L.  Tliis  tulx-  may  be  used  up  to 
a  temjR'rature  of  about  ISd^,  at  which  the  rubber 
becomes  very  soft.  I"'  r  -lightly  different  forBM, 
see  Chem.  Soc.  Trans.  1901.  79,  170. 

Determination  of  density.  Another  operation 
of  imiKirtance  in  piltirimetric  work  is  the  deter- 
mination of  the  specitic  gravity  of  liquids.  This 
may  be  done  means  of  a  hydroetatio  balance, 
by  hydntmotcrs.  by  the  Wostphal  balanct\  by 
speciiio  gravity  bottle,  by  dilatometer  or  by  pyk- 
nometer.  The  last  is  probably  the  most  accurate 
as  well  as  the  simplest  and  is  most  generally 
use<l.    For  details  s««e  article  SPBriprc  gravity. 

Methods  of  iixprrsxituj  roUilonj  jxiin  r.  Several 
expreaaiona  are  in  use  for  indicating  the  rotatory 
power  of  an  active  compound. 
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"Dw  unserved  rutatiui  i  tho  angle  through 
which  (ho  plane  of  poiitfisation  is  tuxned  by  a 
lajBr  ol  tba  liqiiid  anbstanoe,  one  dacjinater  in 
thfelmaaa.  nma  ^+Z^'6V  means  tha*  the 

anfle  o,  thnrnqh  which  the  yellow  light  from  a 
aodjum  ilaine  would  he  turatjd  to  the  right — the 
observer  lookiiig  against  the  direction  of  the  ray 
—at  20°,  8ft<:'r  parsing  thn-ugh  unit  length  of 
the  subetance,  is  34-51°.  i  If  the  mugnitudc  of 
the  rotatory  power  Ix)  ustxi  merely  to  indicate 
the  purity  of  the  compound,  or  vat  analytical 
purpoaeci,  diia  acprMnoD  k  aa  nsefol  aa  any ; 
out  for  the  oomparison  of  the  rotations  shown 
by  a  given  substaooe  under  difierent  conditions 
— of  tem)ierature,  for  instanoe— it  would  not  be 
sattffnctory,  and  since  Biot's  early  experiments 
seemed  to  hhow  that  change  of  temperature  only 
aifected  roUition  in  proportion  to  tho  expansion 
produced,  and  abo  that  the  rotation  of  a  dis- 
solved substafioe  was  proportional  to  its  con- 
centration, ho  iiitroducetl  llic  idea  of  specific 
fotation,  vhioh  ho  supposed  to  be  an  invariable 
oonslani  not  dependent  on  the  condition  of  the 
Bubstanoe  (Mdm.  de  I'Aead.  1835,  13.  llf> ;  Ann. 
Oiim.  Phys.  1844,  Uii.J  10,  18).  Tho  speoifio 
rotation  la  indieatedliy  the  aymbol  [a],  and  for 

a  homogeneous  hcjuid  [a]^     ^  ,  'W'hcrc  a  is  tho 

observed  rotation  for  the  D  Uuo  at  the  tempera- 
tore  f^,  and  d  is  the  denaf^  of  the  pibatenoe 

at  f  a«  compared  with  water  at  4*,  ss  unity. 

In  the  case  uf  a  diBsolved  active  compound 
the  strength  of  the  solution  must  be  taken 
account  of,  and  may  be  ezpr«»ed  in  several 
ways,  the  two  commonest  being  as  concentra- 
tion and  as  jxrcentage  tonnHjwitiDn.  Con- 
centration, c,  indicates  grams  of  substance  per 
100  CO.  of  aofaition,  flie  sabetaaoe  being;  weighed 
into  a  graduated  flask  wliich  ia  then  filled  up  to 
some  (^finite  volume  with  the  solvent.  Then 

i'U*"  e  *    Ihia  method,  hoiravar*  ia  open  to 

the  ohjcction  that  tho  concentration  may,  and 
Usually  doee,  vary-  with  chan^  of  temperature, 


tious  of  different  coaiiX)uiuls  can  l>e  compared 
aimp^  for  10  grms.  of  each,  so  the  molecular 
rotation  is  usually  oaleulated  hi  audi  oases 

[M]^=»    200   •    It  »8  the  rotation  prodaccd  hy 

one-tenth  of  a  gram  molecular  weight  of  a 
homogeneous  substance,  or  that  quantity  of  a 
solution  which  contaii  -  .  in  tenth  of  a  gram 
molecular  weight,  in  a  tube  of  one  square  centi- 
metre cross  section  just  long  enough  to  oontahi 
it.  This  suppose.s  the  rotation  to  be  proportional 
to  tho  whole  weight  of  the  molecule,  and  Guye 
hn^  BUggested  that  since  one  looks  through  the 
molecule  it  might  perhaps  be  better  to  take  the 
rotation  as  proportional  to  its  diameter,  and 
therefore  he  intmdnosd  the  idea  of  nolseular 


deviation,  {91^="^^^  ^,  bat  so  far  ft  cannot 


In  the  seoond  case,  l>oth  iiotlve  substance  and 

eolvfiit  arc  weighe<l.  The  percentage  com- 
position, p,  is  then  the  weight  of  substance  in 
100  grms.  of  the  mixture,  and  is,  of  course, 
independent  of  Che  temperature.  Jn  this  case. 

According  to  Biot,  the  specific  rotation  is 
*  tho  angle  of  rotation  whioh  «  liauid  would 
show  if  ft  eontahied  hk  a  vohime  of  one  enbio 

ocntinietre,  t  r  .  r^ram  of  active  Bubatance.  and 
ahould  act  on  the  polarised  ray  through  a  column 
one  deoimetie  in  length,*  but  it  Ls  simpler  to 
define  it  as  the  rotation  which  Wuuld  lie  .'^ho^m 
by  10  grmii.  of  the  homosencous  substance,  or 
that  ^oantity  of  solution  wmeh  oontaina  10  grms. 
of  it  m  a  tube  of  1  8q.  cm.  cross  section,  just 
long  enough  to  contain  it.  The  Kpcci fie  rotation, 
however,  contrary  to  liiot'a  early  expectations, 
is  ^  no  means  necessarily  constant,  but  may 
vary  greatly  with  tempetaturo,  nature  of  the 
srfvent  and  concentration. 

It  IS  Hcarceiy  to  be  expected  that  the  rola- 

■  O  ften  the  rotation  observed  ie  any  tube  Is  called  the 
'  observed  rotation,'  the  kogth  ct  tobe  bataf  SpeoUed. 
Vol.  IV^r. 


be  said  that  the  regolaritiee  diseovered  by  the  use 

of  this  fornuila  an-  any  !x;tter  than  those  derived 
from  the  molecular  rotation,  and  as  it  involves 
grsatei'  trouble  in  calculation  it  ha.^  not  l>een 
very  nmoh  used  (Compt.  rend.  18$>3»  116^  1464). 

III.  QcANxn-AnvB. 
Rotation  atid  chemical  eonstUuiion,  Although 
Biot,  in  his  later  w«alE,  discovered  that  the 

rotation  of  an  active  compound  was  a  property 
much  more  sensitive  to  eztemai  conditions  than 
he  had  origuially  imagined,  little  notke  was 
taken  of  the  fact,  and,  in  consequence,  many  of 
the  older  data,  in  the  collection  of  which  con- 
siderations of  temperature,  solvent,  concentra- 
tion and  even  the  light  used,  wore  i|piored,  are 
rendered  praottoany  useieBa.  Withm  the  last 
quarter  of  a  century,  however,  tliesc  factors 
have  received  greater  attention,  and  when,  for 
A  lit  of  a  better  plan,  the  rotation  vahiea  are 
all  taken  at  one  definite  temperature,  a  few 
rug  ulari lies  appttar  between  the  rotation  data 
and  tho  chemioal  oonstitntion  of  homogsneoaa 
liquid  subtitancee. 

It  is  perhaps  natural  to  take  first  the  changes 
which  occur  in  passing  fn>m  member  to  member 
of  a  homologr>u»  series. 

TaBLB  I. — KOTATION  VALUSS  Of  THJE  I-MALAISS. 

MaUo  acid  *        +  6 

Meihvl  malate-  -  6-85 


,2.74«»_rj;^|[°  18-99° 
mhyl  malate »    -10-18  -19-35 


n-nopyl  malate*  —  1 1*62 


1-44 


-26-32 


5-97 


«  But vl  malate »  -10-72  ~Ji1J«  -26-38  i'JJ 
Amyl  mahite'     -  9-92  -27-19  "j* 

Capryt  malate*  -  6-02  -24-77 

Table  n.«BoTATio9  Valvbs  of  thb 

TAB!TBAT£S. 


2-37* 

5-67 

4-94 

-2-38 


-0-45* 
-f  3-68 
-f  15-95 
-I- 29-60 
-f  26-99 


Tarlanc  acid «  .  —0-30° 

Methyl  tartrate*      ,  +2  (i7 

Ethyl  tartrate  *       .  +7-74 

n-Propyl  taitrair- s   .  -f  12-68 

n-Butyltartiate  []«J°]  +10-30 

'  i%\trapi<lat'<-d  from  data  by  Scliueidcr  (Annalen 
'.217,  '2b7)  from  aijueous  boliitioDa. 

•  Waldeii,  Zeitdch.  i>hyaikal.  Ciiem.  ItiOfi,  17,  246. 
'  Auxchutz  and  Kciter,  tMd.  1896,  in,  4  lit. 

l-  iutn  data  by  Thoniseii,  J.  pr.  Cheni.  IHHS, 
3i;  1^1;!. 

i'atterKMi,  Chem.  Hoc.  Trans.  19U4,  86,  765. 

•  FieuDdkr,  Bull.  Boe.  cfaim.  1804.       11, 305. 

Y 
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Tabud  III. — Rotation  or  Various  Estebr 
DSKiviiD  noM  Qlyceric  Aois.' 


POLARIHBTBY. 

TlBLB  7.— ^BOdMDABY  AtOOBOtA 


A 

A  — ¥t 

11 1 V-  p*  •  r  - 

T)l-ll'At  vl- 

1  vimot  Ml  >v  1 

l/IIilt*l  il(_>,\  3  " 

prupiuii»i>c 

Wd 

Vethyl  . 

-5-76^ 

-24-66'> 

18-8* 

-lOS  8^ 

Kthyl 

-12-30 

-35-56 

28-26 

-114-4 

102-1 

•-Propyl  . 

-H»15 

-45-17 

20-06 

-jm 

103-3 

t«tf-Propyl 
n- Butyl  . 
i«oBatyl  . 
n-Heptvl 
n-Oc^I  . 

~17U 

-41-69 

24  20 

-21-37 

1^8 

-23-05 

-o0-38 

27-83 

-23-06 

-47-89 

24  84 

-127-9 

104-R 

-22-388 

;^5d4 

- 126-6 

103-8 

w 
tl 


Ate-ftopyl-mcthyl-Oftrbinol 

„  *  ethyl 
p.  n-propyl 

„      n- butyl 
n-amyl 

n-octy! 
n-decyl 


4- 4-3° 
154 
24-7 
33-3 

32-  9 

33-  9 
34*6 

34-  5 


Tabu  IV. 

Mmtliyl  fomate 

acetate 
propionate 
fl-butyrat« 
n- valerate 
n-caproate 
n-liept  vlate 


*» 

»» 

M 


157-3 
160-2 
1674 

167-3 
157-7 
157-7 
155-S 


(Pickard  and  JKenyoo,  Ch«m.  Boo.  Trans,  1912» 
101, 624).  - 

With  the  atioTO  d»ta  aevsnl  pointt  may  be 
illustcated. 

1.  Althooi^  ofdtnwy  malfo  add  in  aqueous 

solution  is  Irevorotatory  like  the  esters  dmrcd 
from  it,  and  ia  called  {-malio  acid,  it  i^  to  be 
inferred  from  the  behaviour  of  ita  concentrated 
solutions  thfit  tho  substimce,  if  it  coulii  exist  at 
tho  ordinary  temperature  in  the  liquid  form, 
would  show  a  positive  rotation.  Solutions  of 
aboTO  p«>34  hAve  »  positive  lotfttioD  at  20*, 


Tabu  VI.— BoTAfKnr  ow  Estbbs  ov  TABiovfl  Aoidb*  (tempeniuie  approaiiiately  S0% 


Etturl 

[MIb  I 

Ethyl  1 

Ethyl 

[Mlp 

Ethyl 

Lactate 
Acetyl- 
lactate 
Benroyl- 

lactato 
Slathoxy- 
propionate 

-79-7  j 
-118-9 

i 

Glycerato 
Diacftyi- 
fldyoeiate 
IKoensoyl' 

plyccnite 
Diiucthojy- 
propionato 

-12-3' 
-35-6 
-t-89-2 
-114*4 

Malate 
Acetyl- 

malato 
Benzoyl- 

malate 

-19-8- 

-62-3 

-114 

Tartrate 
Diaoetyl- 

tartrate 
Dil»nzoyl- 

taxtatato 

-f  15-86*' 

+10-0  1 

-123-6  \ 

I 

I 

Methyl 

Meliivl 

1  Kelliyt 

1  .  ^   ^. . 

MMhyl 

1 

1 

Liictato 
Methoxy- 
propkmate 

1 

-8-6 
-112-7 

Glycerato 
Dimethoi^- 
pvopimiate 

Malatc 
1  Methoxy- 
sttocinato 

■ 

-IM 
-92-4 

Tartrate 
Dimethoxy- 
•accfnate 

+3-8 

Tartaiio  aoid.  Table  II.,  behaves  similarly,  but 
in  an  opposite  sense,  for  although  it  itBclf  and 
its  salta  in  aqueous  solution  as  well  as  its  simple 
esters  in  the  homogeneous  state,  have  a  positive 
rotation  and  it  is  called  (i-tartario  aoki»  it 
would  nevertheless  give,  if  it  could  east  in 
the  hquid  homoigeiMOini  eondition,  a  negative 
rotation. 

2.  Afthet^  to  the  nmmea  of  mmy  ooni- 

pnunrl:--  the  letters  d-  and  I-  are  prefixod  nn-n  ly 
to  ludicate  the  ai£a  of  their  rutution,  Etuii 
flBoher  has  been  able  to  tmoe  a  gmetic  relation- 
ship between  many  subatanoos  related  to  the 
sugars,  and  prefixes  tho  letters  d-  and  I-  to  the 
name.s  ut  compounds  according  to  tho  structural 
relationship  which  they  bear  to  (^Laoose.  In  a 
long  series  of  MeaTohes,  pre-emment  alike  for 
manipulative  .skill  and  reasoning  jkjnmt,  Fiseher 
ha«  shown  that  natural  glucose  must  have  one 
or  other  of  the  stnietum  fomnlB : 


CHO 
H— i— OH 
HO— H 
H-i-OH 

ifljOH 

<J- 01 11  case. 


CHO 
HO— 0— H 

H— C— OH 
HO-<l;— H 
HO— i— H 

<!m,oh 


'  For  references  see  V,  F.  Frankbad  and  Gebhard, 
Chciu.  Soc.  TranK.  1905,  87.  865. 

From  P.  F.  Frankland  and  Ciebhard,  Chnn.  8oc. 
Trans.  1905.  HI,  m,  which  see  ngarcUiig  data  marked  i 
thust* 


and  as  it  is  hardiy  probable  that  we  shall  ever 
be  able  finally  to  discriminate  between  these»  be 
has  made  the  above  arbitrary  selection.  it> 
Tartaric  acid  must  then  be,  as  he  has  shown, 

OOOH 

H— C^GH 

HO— C— H 

COOH 
^Tsrtsilo  sdd. 

the  two  upper  asytnawtrie  oarbon  atoms  of  the 
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gIuco-!f'  rtiolecule  corresponding  with  the  two 
asymmetric  atomi  of  feartaho  acid,  if'or  d- 
taSuio  Mid  the  fofinttk  ia 

OOOH 

(in, 
dooH 

tf-MuUc  acid. 

aati  the  structure  of  its  isomeride,  oidiDHy 
aatural  i^maUo  acid,  will  be  represented  by 

OOOH  _ 


COOH 
{•MaHoadd. 

(Ber.  1896,  29,  1377  . 

Thus,  although  lur  uthyi  dibenzoyltartrate 

[Ml^=  -123-6'' (Table  VI.),  the  subatance  is 
nev<  rthclcss  a  (f-compound.  iSiniilar^^,  fkofltoae 
with  a  higli  negative  rotation  is  cI-truotOBO  on 
account  oi  ita  structural  relationship  llltih  d' 
gfaoUKwe,  tbs  ooii%Uifttion  about  the  thsw  lowest 
asymmetrio  Mrbon  atoma  being  the  lame  in 
each  case. 

GEO 

HO-^H 

H^-cL OH 

H— i-OH 


calculating  the  *  Product  of  Asymmetry,'  a 
formula  of  such  a,  character  that  when  tvro  uf 
the  niMses  became  equal  the  expression  reducc<l 
to  zero.  The  formula  predicted  also  the  ooour- 
rencc  of  maximum  rotations  at  definite  members 
of  certain  series,  and  in  some  wises  ma  xljii  i  wtre 
found  at»  ox  about,  these  terms.  But  for  the 
most  part  it  Mled  entirely  ;  tlw  rotation  of  » 
ccmp  iui  1  iloes  not  become  zero  merely  because 
two  uf  the  groups  attached  to  the  asymmetric 
atom  are  equal  m  weight.  Fischer  and  Flatau 
(Ber.  1909,  42,  2981)  have  shown  that,  for 
instance,  the  isomerism  between  n-propyl 
and  see-piopyl  ft  suffidioit  to  render  them 
difTerent  groups  so  far  as  an  asymmetric  carbon 
atom  is  concerned.  Thus  n-propyl-sec-propyl— ► 
ttyuoMetio  Mid 

CN 


COOH 


CU,OH 


tf-Fructoae. 


3.  Table  I.  shows  thftt  the  specific  rotation 
of  the  malates  becomes  increasiTi^'ly  more 
negative  as  the  series  ia  ascended  until  the 
^•outyi  ester  is  reached,  and  from  this  point 
the  xotatioa  fises  agam.  Thero  is  thus  a 
ninionini  (maaditrain  negative)  rotation  at  the 
n-propyl  term.  When  the  molecular  rotation 
is  considered,  however,  the  behaviottr  is  not  tho 
MBO,  the  lowest  rotation  ooounfng  ftt  tilO  amyl 
term.  With  tho  tartrates,  on  tho  other  hand, 
a  maximum  occurs  both  in  the  molecular,  and 
thoepecific,  ruialion,  at  the  »imc — Ihe  »-propyl 
— ^torm.  In  the  mol(  c-:lrir  df  \  icition  for  thc-^e 
different  c«»tcra  the  unmnmiii  might  possibly  Ijc 
found  at  some  other  term.  I'he  exampte  lilns- 
tiataa  •  kind  of  difficulty  that  often  occurs  ;  wo 
have  no  criterion  to  decide  which  method  of 
reducing  the  observations  is  the  best,  but  tho 
moieoular  rotation  is  pxottably  to  be  preferred 
to  the  Bpedfie  rotation. 

Thirt  tendency  to  rise  to  a  maximnm  and 
then  fall  aguiu  may  be  seen  in  all  the  data  of 
Table  IlL,  and  has  been  mnoh  discussed  in 
connection  with  an  idea  put  forward  timul- 
twieously  by  Cnim  Biouii  (Proc.  lioy.  iioc. 
Sdm.  1890,  17.  181)  and  by  l\  A.  Guye  (Compt. 
rend.  1890,  110,  714;  1893,  116,  1378,  1415), 
who  suggcste<i  that  a  relationship  might  bo 
dete'  ted  lx;tweeii  the  ntlulion  of  a  comiX)und 
and  the  masses  of  the  four  radicles  attached  to 
tii0  aeymmetcio  atoitt.  Ghiye  proposed,  fiar 


fnm  found  to  liavo  a  rotation  [a]^"— +11*S*  in 

tohiene  solution  9^10*1,  and  ii>lNityl-Mo>baty]- 
aoetio  acid 

/'CHg'CH,-CH,-OHg 
^COOH 

had  in  the  homogeneous  state  [o]|^=a+5'73* 

(Fischer,  Holtzapfcl  and  v.  G winner,  Ber.  1912, 
45.  M7),  and  n-propyl-MC-propyl  oarblnol  has 

(Uljf>«+M'7  (Eiokard  end  Kenyon,Ghem.Soo. 

Tranf.  1912,  101,  624.  Table  V.). 

4.  Tables  L,  III.  and  V.  show  tJaat  the  mole- 
cular rotation  altecs  most  rapidly  in  passing 
through  tho  lower  members  of  a  homologous 
series,  uoiuparative  constancy  beine  reached 
in  tho  higher  representatives.  These  are 
exampl»;<  of  a  regularity  first  pouUed  out  by 
P.  F.  Kraukland  and  MacGregor  (Chem.  Soc. 
Trans.  1896,  69,  121).  namely,  that  when  sub- 
stitution  taW  place  in  a  mbleoute  at  a  point 
comparatively  remote  from  tbe  aaynuMtrio 
atom  it  is  attended  with  but  little  change  in 
rotatory  power.  Tsohugaefi  gives  the  data  of 
Table  iV.  to  eliow  tliat  t  '  u  evety  aeries  of 
homologous  derivatives  of  any  asymmetric  sub- 
stance there  occurs,  at  least  within  certain 
limits,  an  inverse  proportionality  between  tho 
values  of  the  .-ixjciflc  rotation  and  the  corre- 
spoudiim  mulccuhtr  weight*  (Ber.  1898,  31, 
366).  To  these  may  be  added  the  data  by 
Pickard  and  Kcnyon  in  Table  V.  According 
to  Frankland.  the  general  behaviour,  especially 
tho  existence  of  a  soiiRwhut  iiuiistinut  and 
irregular  maximum,  may  bo  explained  thus: 
*  Acoording  to  the  oommonly  aocepted  views  of 
stereochenii.'^try,  a  continuous  chain  of  five 
carbon  atoms  will  all  but  return  upon  itself, 
and,  beyond  thLn,  further  additions  to  the  diain 
will  lead  to  such  uiterfereneu  as  must  necessitate 
a  rcadjuistmcnt  of  tho  exact  ^tositions  occupied 
by  the  carbon  atoms  in  a  shorter  chain.  It  is 
surely  highly  probable  that  this  stereochemical 
change  should  be  betrayed  by  some  irn  gularity 
in  the  rotatory  manifeatations,  for  example,  by 
the  exhibition  of  a  maximum  rotation  in  those 
series  in  wiiioh  the  a««ent  of  the  series  leads  to 
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tuff 

Slibatftamt 

+231^ 

Di-aoetyl 

• 

„  munochloro- 

82*8 

aoefeyl  . 
„  triofaloro- 

-1-26*8 

64-7 

•ceiyl  . 
„  nhanacw^l 
„  D«nn>yl 

+87-1' 

61-4 

+7W 
-247*1 

88-2 

t,  o-tolayl 

-266-5 

44'0 

„  m-toluyl  . 

-808'8 

8S'6 

„  p-toluyl 

-484*4 

„  nltro  . 

+89'45' 

41-38' 

benzoyl  . 

-357-3* 

an  increase  in  the  rcjtatorv  power '  (Qieni.  Sofl. 
Trans.  1899,  75,  aOb ;  1912,  101.  ft58). 

Tablx  Vli.— Rotation  or  j>t'0«xiTUTBD 

SvlMtltaaDt 

Hono-aoetyl 
„  monochloio- 

acetyl 
„  trichloro- 

ticetyl . 
„  I'iKnacetyl 
„  oeDioyl  . 
„  o-toluyl  . 
„  m-toluyl . 
„  p-toluyl  . 
„  nlWo 
„  m-nltio- 

benzoyl 

5.  A  regularity  emerging  from  the  data  of 
Tftbfo  TIL  w&a  first  pointed  out  by  McCrac  and 
Patterson  (Chem.  Soc.  Trans.  1900,  77,  1108). 
Onu  aoyl  group,  introduood  into  the  molecule 
of  ethyl  tartrate,  fatings  about  in  each  case  a 
considerable  increase  of  rotation,  whilst  the 
introduction  of  a  second  (with  the  one  exception 
of  the  tricldoroacetyl  derivati\ •«)  causes  a 
diminution,  wiuoh  lor  the  purely  aromatic 
ndiolM,  boizoyl  and  the  toluyls,  is  very  great 
indeed,  the  positive  rotation  of  the  mono- 
aubatitution  product  being  changed  into  a  very 
high  negative  zotatkm. 

0.  Another  question  that  has  attracted 
attention  ruiatcs  to  the  effect  upon  rotation  of 
the  presence  of  multiplt-  bonds.  It  is  often 
assprt<Kl  that  a  double  ixnul  raises  the  rotation, 
but  as  the  following  Ggutm  nhow  this  general 
•tatenwDt  xequina  qiuufioatMm. 

Tabu  VIIL 


(Alcoholic  solution  p=0) 
-104-7" 
203  1 
1771 
172-5 
160-2 
172-4 
1641 

163-  5 

164-  4 
176^ 


Menthyl  ester  o( 
Butyric  acid  * 
Crotouio  „ 
A«9'Bpntau»iio  aoid 

at^        »»  »» 

A*'        »»  n 

^"8  Hoptcnoic  „ 

(Rupe,  Auualcu,  1903,  327,  166).  i 

The  double  bond  exerts  a  gnetsr  effeet  the  I 

neariT  it  i.s  to  the  asymiuftric  centre.    Menthyl  | 
butyrate  has,  almost  exactly,  what  Tschugaofi  j 
oeJla  the  oonstMit  molecular  rotation  for  the  I 
menthyl  esters,  but  when  a  double  bond  is  intro-  j 
duoed  into  the  molecule  to  give  menthyl  croion-  ' 
ate,  the  lotation  is  veiy  markedly  •rUgmented,  i 
the  same  thing  on  a  smaller  scale  being  notice- 
able for  the  other  unsaturated  acids  in  which 
the  double  bond  is  in  the  o^-position.    As  the 
double  bond  moves  further  from  the  aeymmetrio  ; 
centre  the  rotation  gradually  leveits  to  the  I 
ttotmal  value^  tiie  Mliaviour  being  thus  in  < 

'  Patterson  and  Davidson,  Ohem.  Soc.  Tcaas.  1912, 

101,  37S. 

'  ill  B  per  cent,  methyl  alcoholic  .HolutioQ,Fmildand,  [ 
Heatboote  and  Hartie,  iirid.  IQOa,  t>3.  Ia4. 

'  In  2'38athyl  aloohoUc  solution,  Franldaad,Bflath- 
oote  and  Ureen,  iMd.  IOCS,  88, 168. 

*  Hoinogeasoas;  Frankland  and  HaiBtf,  «8M.  1804, 
86, 1578. 


accordance  with  the  regularity  of  Frankland 
and  MacQregor  already  alluded  to  under  4. 

Bopc  has  also  shown  that  the  totatioo  of 
menthyl  Mvbate 

o 

CHj—CH-CH— CH=CH-  C  0  Ci^H,, 
[a]ps— 88-53^,  is  much  higher  than  that  of 
A^^hezenoie  aeid.  msnthyl  ester, 

CH,— OH  CH  -CH— CHj— C0-0<;,^„, 
[aljjsa  — G5•ll^  which  he  attributes  to  the 
presence  of  a  system  of  alternate  single  and 
double  lx>nds,  suoh  as  hae  been  oaUed  by  Thiele» 
conjugated,  the?  menthyl  sorbatc  containing  a 
set  of  three  conjugated  double  bouUs. 

No  perfectly  general  rule  regarding  the 
infioenoe  of  double  bonds  can  be  formulated, 
boivever ;  thus  it  haa  been  shown  by  Frankland 
and  O'SuUivaii  (Chem.  Trans.  1911,  99, 

2327)  that>  whraeas  the  rotation  of  propyl 
menthozyaoetate  la  less  than  that  of  aUyl 
menthoxyacetate  at  20°,  it  is  (greater  at  a 
temperature  of  100%  whilst  at  about  38**  tho 
rotations  of  tho  t\vo  substances  are  equal.  The 
effect  of  uiuhipl*  In  Tul ;  has  hocn  exnininrd  in  a 
numix^r  of  catteii  oy  iiiidiieh(i6i<f.  190U,  UJ,  li>81). 

In  ngud  to  the  relative  influences  upon 
rotatory  power  which  a  substitucnt  exerts  in 
the  ortho,  meta,  and  para  positions  respectivel3% 
it  has  generally  been  found  that  the  para  di- 
substitution  product  has  the  greatest  rotatioii 
and  the  miho  the  least,  whilst  the  phenyl  deriva* 
tive  u  u  i  lly  comes  in  Ix-tween  the  ortho  and  the 
meta  compounds  (P.  h\  J^Vankl&nd,  Uhcm.  boc 
Trans.  1896,  69,  1538;  1912,  101,  666;  Obhen 
and  Dudley,  ibid.  1910,  97,  1737). 

Injiuence  of  chatigt  of  temperature  on  rotatioiu 
The  early  experiments  of  Biot  indicated  that 
tcmj)erature  played  a  quite  unimportant  part 
in  conditioning  the  rotation  of  aetive  bodies, 
but  later  investigations,  chiefly  by  P.  F.  Frank- 
land,  have  shown  that,  in  reality,  its  influenoe 
is  of  the  greatest  eonsequeooe.  Rotation  may 
increawe  or  diminish  M-ith  change  of  temperature, 
or  it  may  appear  to  remain  almost  unafieoted, 
but  it  is  pro  bable  that  when  examined  ovw  a 
sufficient  r  ir^e,  tho  rotation  of  an  active  com- 
pound W'lU  show  a  maximum  or  a  uuiiiinum 
value,  or  psrhaps  several  such.  An  idea  of  the 
iH'haviour  met  with  will  be  obtaine<l  from  Figs. 
34  and  35,  the  former  of  which  repreoents  the 
influence  of  temperature  change  upon  the  mole- 
cular rotation  of  a  number  of  oiosely  related 
substances. 

Methyl  tartrntt'  (not  represented  in  the  figun- ) 
is  jpractically  inactive  at  0%  and  if  cooled  below 
this  temperature  its  rotation  beoomee  negative  ; 
it  therefore  furnishL'S  an  cxanij^k'  of  a  e^jniinjuiul 
whobo  lutation  passes  tlimugli  the  point  ot  in- 
activity at  some  definiu^  ti'inp  rature  for  light 
of  a  particular  wave  length.  The  rf>tation  of 
ethyl  tartrate  is  higher  tlmn  that  of  the  meiliyl 
ester  and  the  increase  of  rotation  on  heating  is 
somewhat  greater.  The  point  of  inactivity 
wonld  be  reached  about  —34°.  Curves  for  tho 
«-propyl,  «cc-propyl,  wo-butyl,  Mo-amyl,  sec- 
ootyl  and  allyl  esters  are  also  shown.  Tlw 
curves  are,  in  general,  alike,  but  even  for  eudi 
closely  similar  >ub.-tiinees,  the  in.stitution  of 
comparisons  between  the  rotation  values  at 
any  one  given  temperators  cannot  yield  yttj 
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satisfactory  results.  The  rotation  valTn  r 
thesie  eiitei»  ftt  20°  would  not  be  in  the  saniu 
sequence  at  at^  aay,  IM".  At  tlie  former 

TmperaturB  Rototicit  Curum  for  Yarhiui 
Bgten  of  Tartario  Acid, 

Tmptntun. 

mr 


Fio.  34. 


hcatinjr  to  «0°.  With  this  may  be  compared  the 
ourvoa  for  thf  methyl  and  ethyl  esters  of  di- 
raethox\-}»n)pi<iiii(!  acid,  which  haTc  rotations  fvt 
20*  of  about  —100*',  beoomwff  Jww  negative  as 
the  temperature  risea.  T&ae  dimethoxy- 
propionates  are  derived  from  rLdycrric  ncid 
which,  in  its  conjuration,  oorreeponds  tu  I 
tartuio  aeid.  ao  Chat  the  dimethoxypropionatea, 
corresponding  to  (f-iartnric  acid,  ^\'ou!d  have 
positive  rotations  of  about  -flOO°,  gradually 
falling  with  rise  of  temperature,  and  would 
thus  show  a  Ixliaviour  closely  analogoua  to 
that  of  the  dimethoxysuccinatt^s,  which  with 
tivo  aayBunetric  centres  have  a  rotation  almost 
twicD  n9  great.  The  other  curvea  on  the  diapam 
reprcaout  data  obtained  by  P.  T.  RanWandTaad 
his  pupils,  atui  exhibit  tho  very  great  effect 
which  change  of  (empexature  may  exert*  That 
for  ethyl  abenmyltwrtnite  is  of  oepeoial  intereet 
as  it  shows  a  minimum  of  —258°  at  a  tempera- 
ture of  63*  (Frankland  and  Wharton,  Chem. 
See.  Trana.  1896,  60.  It  was  the  ficrt 

recorded  instnncr  r  f  this  phenomenon,  but  a 
considerable  number  of  other  caaes  have  since 
been  found.  All  the  curves  in  Fig.  34  show 
distinct  maxima,  and  maxima  alao  exiat  in  the 
temperature-rot«tion  curvee  for  ammonltiin  and 
sodium  molvbdanvlbimalates  (GroHsmann  and 
Potter,  Beri  l»o4  37,  84),  for  soluUons  of 
ciodlum  and  potaaaiam  tartTatea*  for  aone  of 
the  yiotasKium  alkvl  tartrates  (Patterson.  Chem. 
Soc  Trans.  1004,  85. 1116)  and  for  homogeneoua 
menthol  (Pattenon  and  Taylor,  1906,  87, 
3J?1  and  in  otlier  onscfl. 


Other  eramplea  are  obviona. 

The  curves  of  Fig.  35  refer  to  a  number  of 
oomponnda  not  ao  mtimately  related.  The 

Tompoiutun  Rotation  Curves  for  VanoM 

Esters. 


JW* 


TKinfivratura, 
If  / 

— r 


1 — r 


-T  r— 


temperature,  for  instance,  allyl  tartrate  has  a 

higl^r  rotation  than  has  MO<«myI  tartrate,  [  The  remaining  curves  represent  the  results 
whereas  at  the  Utter  the  revene  is  the  oaee.  I      olMervatione  by  Frankland  and  Wharton 

(Chem.  Soc.  Trans.  ISm,  00.  1300,  1583)  and 
Frankland  and  Harger  (tbid.  19U4,  85,  1571). 
That  for  ethyl  dibenzoyltartrate  is  much  like 
the  graph  for  ethyl  di  o-toluyltartrate,  whilst 
those  for  ethyl  di-m-nitrobenzoyitartrate  and 
eUiyl  di-p-nitrodibenzoyltartrate  are  apain  very 
similar.  The  behaviour  of  ethvl  di-o-nitn>- 
benzoyltartrate  is  moat  remarleable.  The  wry 
high  negative  rotation  diminishes  with  sur- 
prising rapidity  as  the  temperature  rises,  and 
appeava  to  have  a  point  oi«  inflection  aome* 
where  helwecn  8(r  and  100".  The  decTce 
in  which  relationship  l^etween  rotation  and 
oonatitntion  dcjK-nds  on  the  tempcramre  of 
comparison  is  strikingly  apjmrent  from  this 
set  of  substances.  At  n  low  temperature,  the 
o-nitrobenzoyl  derivative  lias  the  f:roato8t 
negative  rotation,  whilst  at  a  tcmix-rature  of 
115"  it  would  havt-  the  lowest,  its  Rraph  cutting 
the  other  curves  at  inti nni  iiiiiti-  t- mix  ratnres. 
NevertlieleM  it  is  probably  of  the  same  typo  as 
the  othen.  The  rotation  of  ethyl  dibeoaoyU 
tartrate  ia  a  miniinum  at  63^  and  it  perms 
likely  that  the  di-o-toluyl  »lerivativo  wdl  reach 
a  minimum  value?  at  a  somewhat  lower  tempera- 
ture, and  similarly  for  the  »i.nitrol)enz*jyl 
derivative.  The  slope  of  the  curve  for  ethyl 
di-p-nitnjl»cnz<»yltartratc  i.s  preater,  and  there- 
fore minimum  f^hould  lie  at  a  still  lower 
niperature.  Similarly,  the  last  curve  may 
also  have  a  minimum  t)f  hi'^h  numerical  value 
at  an  even  lower  temperalure.  On  the  other 
hand,  fho  di-o-nilToben7i>yl  derivative  may 
II-'-  to  a  iiiixinmm,  and  it  is  |)riiltahl«'  that 
ethyl  di-|}-nitrolxiiJ5oyltartratc  and  the  other 
eateni  also  have  maxima  at  aucccssivoly  higher 


Fw.  35. 

acale  of  tho  rotations  is  very  much  smaller,  the 
eurve  for  aee-propyl  tartrate  of  Vi^.  34  being 
Included  for  com  pari -or). 

The  uppermost  curve  repreacnt.s  the  bcs 
hsnoorof  ethyl  dimethozymiodnato,the  rotation 
fli  whioh,  (lli{f>— +810^»  falla  to  199-8*  on 
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temperatures.  If  this  be  true,  the  variation  of  I  power  (Biot,  Ann.  Chim.  Phvs.  181 9.  10, 
the  rotatioii  of  an  aetive  oonpoond  irith  change  I  73),  ana  the  aama  thinf;  has  hem  obeerred  for 


of  temperature  is  a  periodic  phenomenon,  nr.rl 
several  maxima  and  minima  might  be  expected 
to  ooonr  aa  one  or  other  of  fhe  groups  attached 
to  the  apymmotric  atnm  prcponclcmt4>9.  Un- 
fortunately it  ig  difficult  to  examino  the  varia- 
tion over  a  wide  range  of  temperature. 

Attempt*  an  oft«i  made  to  vxpnu  mathe- 
inatSOally  me  idationBhip  bet  wean  nteliaii  end 
tMUpentnn,  tlie  parabolic  equatkm 

b^f^  nioally  applied.    If  the  above  be  true, 

however,  this  form  cannot  l)0  the  correet  one  to 
use 


rtain  derivativea  of  amyl  alcohol  (Guye  and 
tin  Amaral,  Arch.  8c.  yhvs.  Geneve,  18S^  [iiL] 
33.  409.  513;  Corapt.  it-nd.  1890,  120,  1346; 

Wm\.  Beibl.  1895,  IH,  79'?  «fVn. 

Influence  of  prcsmre  on  roUUion.    To  detcr- 
i  mine  the  influence  of  piusiue  on  rotation  is 
'  very  (lifficult,  since  the  pressure  applied  to  the 
1  liquid  must  also  be  applied  to  tho  end  discs  of 
the  containing  tube,  when  they  too  become 
double  refraotiag  and  optically  aotive.  In  the 
one  inveetigatkm  wliioli  baa  lieen  oairled  out 
on  the  subject,  L.  IT.  Pi*  rtsema  (Arch.  N^erl. 


i  if  it  were,  the  xoUtion  would  not  be  a  |  8oL  1899,  [iLl  2,  29 ;  1900,  [u.]  3,  79)  found  it 
periodic  jhractkm,  hat  ehonld  proceed  towardt  I  neeeMary  to  immene  the  poterising  and  analys- 

infinity  both  at  \<:nx  m  !  at  hijh  trniTv rit  uii  s  inp  prisma  in  the  liquid  to  be  rxTmtned  and 
and  the  two  limbs  of  the  curve  ought  to  be  of  submit  them  as  well  as  the  liquid  to  tho  pressure, 
ezaotly  the  same  shape.  Winther  (Zeitech.  It  whh  found,  for  instance,  that  the  rotation, 
physiknl.  Chem.  1902,  41,  176)  has  calculated    12'4".  of  a  decimetre  layer  of  a  cane  sugar 


such  an  equation  for  ethyl  tartrate  and  reduced 
ittothefom 

[a)^«-IM2e-0«000401[f-  149"p, 

the  temperature  149*  being  that  of  the  maximum 
rotation.  He  RUggested  that  the  value  of  the 
8|V'cifie  rotation  should  be  reckoned,  not  from 
zero,  bat  from  this  maximam  value,  such  a 
detain  to  be  called  the  'zational  apemfie  nto- 

tton/  [Aji. 

(le.  207). 

Winther  assumes  that  the  temperature  at 
which  the  maximum  occurs  is  the  same  at 
least  for  the  three  esters  with  ^ich  he  deals, 
but  this  is  not  the  case  (Fattom>D,  Chem.  Soo. 
Trans.  1908.  93.  1844).  The  curves  of  Fig.  34 
show  maximum  lotatioiu  at  temperaturea  aa 


Tabu  IX 


T?st«r 
Ethyl  tartrate 
w-Propyl  „ 
Nc-Fropyl  „ 
iso-Batyl  „ 
t«o-Amyl 
Allyl 


solution  c=18-7,  was  only  altered  by  about 
0*31*  per  one  hundred  atmospheroN  increase  of 
pieeeure.  (Theee  figures  are  calculated  from 
fhe  numbers  fn  the  taUee  given  by  Sertaeme.) 

Eolation  in  solution.  Tho  rotation  of  an 
active  compound  in  solution  in  an  inactive 
liquid  ia  maany  different,  and  often  very  greatly 
different,  from  its  rotation  in  the  homo^^eneoxis 
condition.  The  behaviour  of  ethyl  tartrate  on 
dlhition  with  water  iUnetntea  this  «eIL  The 
rotation  of  the  homof!:eneous  ester,  at  20* 
{i=»l  decimeter),  ia  QA",  and  if  the  tube  were 
extended  to  twice  its  original  length,  without 
alteration  of  the  cross  section,  water  being  added 
to  fill  up  the  resulting  space,  the  rotation  of  the 
2  decimeter  layer  of  solu  ii  i  ,  after  thorough 
mijdng,  would  be  80'4%  or  more  than  twice  aa 
mitdi  aa  befoiew  If  ^e  tube  were  agafai  donbled 
in  length  and  more  water  added,  the  rotation 
would  become  27*6'*,  and  on  continuing  the 
process  until  the  tube  could  be  considered 


Tempsmtore  Maximum  [M]d  j  (nSnitcly  long,  a  rotation  ol  82*S**  WOUld  olti* 


>* 
»» 


178» 
150 
144 
liO 
151 
130 
100 


+30-9* 
41 -or, 
58-03 
53-9 
48-72 
48-24 
51'4e 


mately  bo  reached. 

Tlie  curves  shown  in  Fig.  96  npresent  the 
1  effect  of  several  solvents  of  very  different 
I  character,  not  upou  tho  observed,  but  upoa  the 
I  speotflo  ntation  of  this  eater,  at  20**.  For  pure 
I  hnmoceneous  ethyl  tnrtrate  f£i"j™=^7-8°,  and 

I  thia  increases  on  mixture  with  water  in  such  a 
'  manner  aa  to  nach  fhe  vahie  +S6-84*  in  en 

extremely  dilute  solution.  In  nitrobenzenr, 
the  increase  of  rotation  in  something  the  same 
as  in  water  but  the  curve  is  different  in  shape 
and  the  effect  of  the  polvent  is  prentcr,  the 
rotation  in  ver>'  dilute  solution  Wing  raised  to 
+41^.  In  ethyl  alcohol,  the  rotation  diminishes 
occur.  A  suggestion  of  this  sort  was  made  by  ,  slightly  to  reach  a  minimnm  value  at  a  oonoen- 
Patterson  (Chem.  Soc.  Trans.  1904,  M,  766).  !  tration  of  p= 60,  after  irtnoh  it  hnoreaaee  to  a 
basc.i  on  tlie  fact  (hat  the  rotations  of  nu-thvl.  final  value  of  +9-13*.  The  iM-haviour  of 
eth\l,  and  «  pruf.yl  tartrate  would  respectively  bentaldoxime  ia  very  remarkable  :  tho  rotation 
become  zero  at  0^  -34'.  and  -6I)»{  these  may  j  of  the  eMw  inenaeea  nntU  p-70,  at  which 

point  a  maximum  rnlue  of  -f-13-6"  is  reached. 
Further  addition  of  oxime  then  diminishes  tho 
rotation,  so  that  at  p=22  the  solution  beoomee 
inactive,  and  at  infinite  dilution  the  spedfio 
rotation  would  be  approximately  —  Ifl*.  The 
Filiation  therefore  variet  'M)^  )«t\\-.-iti  the 
extreme  limits,  and  by  aboat  equal  amounts  on 
either  side  of  aero  (Chem.  Soo.  Trans.  1907,  01, 


It  may  he,  however,  that  the  masiniuin 
rotations  occur  at  *  corresponding  *  tempera- 
tures at  which  it  would  be  legitimate  to  compare 
with  one  another  the  rotAtion  values  of  different 
active  oompounda,  or  that  comparison  ^uld 
be  made  at  temperatures  oonneeted  in  some 
simple  manner  unth  tho'-o  at  which  the  nuixiraa 


be  'corresponding*  terap>era(\ire5!.  and.  as  a 
first  approximation,  the  rotations,  of  methyl 
tartrate,  of  ethyl  tartrate,  and  of  n-propVl 
tartrate  may  be  directly  comparable  at  T*. 
(T-34°).  and  (T-60»)  reapeStivelv.  The 
ratio  of  thf'  mlntiona  of  the  o-t-  r.-;  (bus  oM  iin.  d 
remainwd  noatJy  constant  over  a  fairly  wide 

range  of  temperature.  vm  wui'^.. 

Itmrp  be  a<Mod  that  when  lurpontino  was  508).  "^Tn  acetylene  tetrabnMnI<l<-  the  rotation 
COOTerted  into  vapour  it  still  retained  its  optical  i  of  tho  dissolved  ethyl  tartrate  diminishes  very 
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rapidly  with  diminution  of  concentration,  the 
rate  bMoming  greater  as  tiie  dilution  inoieaaeg, 
to  attun  ultimately  to  a  value  of  —  20^ 

Thtu  the  rotation  of  this  ester,  whose  speoifio 
rotation  in  the  pure  condition  is  only  4-7"8°, 
can  bo  made  to  vary  from  +41"  to  — 20*  by 

ittfluenoe  of  Various  Solvents  on  the  Rotation 
of  Ethyl  Tartrate. 

— I  r 


4o        so        M  m 

Concentration  (p). 

Fio.  36. 

solution  in  these  solvents ;  clearly,  therefore, 
care  mofli  Iw  takeii  in  reporting  the  exact 
circumRtancee  under,  which  any  rotation  has 
been  measured,  and  also  in  utilising  rotation 
data  obtained  by  the  use  uf  several  difForcnt 
•olfvnto.  XhB  onrvet  also  show  that  if  an 
Mtlv»  eompoand  ii  tolid,  so  flM*  !!■  xotation  in 
the  homogeneous  liquid  condition  cannot  l)e 
determined,  this  value  may  still  be  arrived  at 
by  extrapoiatkm  from  the  data  for  its  sohitions, 
preferably  in  a  number  of  solvcnta,  the  accuracy 
with  which  the  extrapolation  could  be  made 
*depeodiiiCp  of  oovem,  on  tho  MlnUlifey  of  the 
oonuMNnid. 

Kany  attempts  have  Immi  nuKW  to  explain 
tfaMe  remarkable  effects.  Naturally  a  correla- 
tioo  hM  been  suggested  between  the  rotation 
and  the  osmotto  moleeiihr  weight  of  tiie  dis- 
solved  substance,  but  it  has  proved  imposaiblo 
up  to  the  present  to  establish  any  connection. 
(Am  FrankUnd  and  PIdEUrd,  Chem.  Soc.  Trans. 
1896,  69,  131  ;  Patterson,  ihii.  1901,  79,  182; 
1902,  81,  nil  ;  Btr.  11>05,  38,  4049;  1908,  41, 
113;  Patterson  and  Thomson,  »Wrf.  1JM)7,  40, 
1244 ;  Waldon,  ibid.  1906^  39»  389 ;  1906^  39. 
658 ;  1907,  40.  2463  ;  Ftedie  and  Irvine,  C9iein. 
Soc.  Trans.  1904,  85,  1055.) 

Another  proposal,  ori^dnallv  made  by  Tarn- 
maon,  was  tnat  the  rotaoon  oepends  upon  the 
internal  pres.surc  nf  the  solvent  or  of  the  mixture 
of  solute  and  solvent.  This  idea  was  applied 
hj  Fattanon  (Chem.  Soo.  Trans.  1001,  79,  188) 
in  the  eai«e  of  ethyl  tartrate  fai  various  solvents, 
bat  instead  of  calculating  the  internal  pressure. 


j  the  molecular  solution-volume  of  the  ethyl 
I  tartrate  at  in  Unite  dilution  hi  tiie  different 
*  solvents  was  determined,  the  assumption  being 
made,  as  a  first  approximation,  that  all  the 
change  of  volume  suffered  in  the  process  of 
I  solution  might  be  attributed  to  the  sointe,  and 
further.  Him  tiie  magnitude  of  ihe  ■omtion- 
vohimo  mi<Tht  bo  regarded  as  a  measure  of  the 
internal  pressure.  Althoush  these  assumptions 
are  not  generally  admissiub,  it  ii  nerertoeleis 
possible  that  in  some  instances  they  may  be 
nearly  fulfilled.  In  any  case  experiment  dis- 
covered a  parallelism  between  the  magnitude  of  • 
the  specific  rotation  and  the  molecular  solution- 
volume,  both  at  infinite  dilution,  as  is  illustrated 
in  tlM  following  UUe  (Bsr.  190«,  88»  4101). 

TaBLB  X. — ^BOTATIOK  AXD  SoLUTION-VOLVMa 

or  Bbrl  TAsnun  ar  Vabioiis  Softivans. 
(Bthji  tartnfte»  M.V.»17(H»  o.a) 


Solvent 
Water 

Methyl  aloobol  . 
G^yoool  « 
Btbyl  alcohol 
••Propyl  alcohol 
te»-Butyl  alcohol 
sie-Ootyl  aloohol 
Benzene 
Tolaene 


m-iCylene  . 
p- Xylene  . 
Mesitylene 
Chloroform 


Infinite  dQatkn 
.  160-1 
.  159-3 
.  103*3 
.  164 
167-5 
170-3 

174- 8 

175-  1 
174-8 
170-8 

176-  5 

176-  1 

177-  4 
178 


dilution 
+26-86« 
-f  11-50 
+10-67 
+9*W 
+7-40 
+6-63 
4-6-94 
4-6-1 
-t-4-6 
.f2-7 

+1-8 
+0-7 
-8«0 

-3-2 


Excepting  for  water,  time  appears  to  tie  a 
fairly  close  rdationship  between  the  vatnes  of 

these  two  magnitudes.  The  idea  viras  tslDBD  up 
bv  Winther  and  applied  to  explain  the  ohsilge 
of  rotatory  power  with  variation  of  tempeifttoie. 

In  certain  cases  it  is  foimd  that  there  is  a  direct, 
linear  relationship  between  the  values  of  the 
rotation  and  the  molecular  volume  either  in  the 
homogeneous  condition  or  in  solution.  Thus, 
for  example,  the  figures  for  homogeneous  ethyl 
diaoB^yltcrtnte  nfty  be  given. 


t 

56-8* 
67-6 
71-8 
78-2 
86-7 
100 


+4-37° 
4-75 

4-  92 
6-20 

5-  60 
6*80 


Tablb 

0-38 
017 
0-28 
0-40 
0*70 


XL 
• 

0-8906 

0-8993 

0-9020 
0-9081 
0-9161 


0HKW7 

0-0027 
00061 
U-0070 
00114 


44 

fi3 
46 
57 
61 


In  the  above  table  v  i»  the  specific  volume, 
and    is  a  constant  oalmilated  uom  the  eqna* 

tion : 

The  values  of  h  vary  irrepiilarly  al)nijt  a 
mean  value  of  54,  so  that  the  nitation  appears 
to  be  directly  piopoitionBl  to  the  specific 
volume.  (For  many  other  examples  see  Win- 
ther, Zeitsch.  physikal.  Chem.  1906,  55, 
263.) 

iivkk^tiMAah,  It  not  iafrequmitly  hanpous 
that  the  votation  of  a  oomponnd,  generally  in 
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solutiun,  starting  irum  a  oertaiu  initial  value 
mdoany  faUs  to  leaeh  »  difiarcnt  end  vafaw. 

The  su!>stanccs  which  first  attracted  attention 
in  this  direction  belong  to  the  class  of  Hugars, 
triiidh  nndaied  the  matter  of  practical  iiniK)rt- 
MMSe.  When  rf-glucoso  is  crystallised  from 
70  p.c.  alcohol  at  the  ordinary  temperature,  an 
•nhydroua  piroduot  is  obtained,  giving  when 
dissolved  in  water,  an  initial  8peoi&  rotation  of 
about  +100"  which  falls  gra^aHy  to  the  con- 
etant  value  +63".  The  solid  form  in  calle<l 
({•a-glaooae.  If,  on  the  other  hand,  glucose  be 
nymaXUnd  bom  irater  at  » temperature  aboTe 
98*,  a  solid,  rf-/3-glucose.  separates  hfivinL'  n 
rotation  initially  of  only  4-1^°  or  therealtout.s, 
the  value  being  a  HtUe  uncertain,  a«  the  Bub- 
stance  Ih  difTicuTt  to  prepare  in  a  pure  condition. 
Tliis  rotation,  too,  chanKeB  slowly  with  lape  of 
time  aiid  ultimately  aLso  aoquuee  the  value 
+53°.  Since  the  final  rotation  ia  almost  half 
the  highest  value  the  phenomenon  used  to  be 
called  l)i-rotation  or  semi-rotation,  but  is  now 
generally  referred  to,  on  the  ouggestion  of 
Lowry,  as  muta*iotatk>n.  A  similar  behaviour 
is  foinid  for  fructoe^  ^IftoCoM,  ketow^  maltoee 
and  other  sugars. 

Hie  two  vttletiea  of  glucose  in  the  solid 
oondition  may  be  leprewmted  by  the  formulc: 


H-<!l-OH  ' 
HO<!lH 

h|-  - 

HCOH 


V 
H-i-OH 

HOCH 

HCOH 

CH.OH 
d-a-Glucose. 


V 
H-ioH 

HC- 

H<!;-OH 

1 

rf-/l-Gluco8e. 


'  in  which,  however,  the  relative  positions  of  the 

hydrogen  atom  and  the  hydmxyl  trroup  attached 
to  the  uppermost  carbon  atom  are  not  definitely 
known.*    When  one  of  those  compounds  is  di^- 

,  W)lved  in  water  a  ehanire  mi<!ht  take  place  in 
two  etiBcntially  <liff<Tciu  ways.  Emil  P"it;<'her 
l  I5vr.  1890,  23^  2t>2ti)  suggested  that  the  mole- 
cule may  become  hydra te<l,  the  final  constant 

'  value  of  the  rotation  being  that  of  the  hydrate. 
Iir)WTy,  however  (Chem.  Soc.  Trans.  lS!>!t.  75, 
213;  1904,  85,  1541,  1551),  from  analogy  with 

I  the  rotation  enangee  which  take  pboe  In  Tiitro> 

camphor  ii!   iinn-aqiKTnis  solutions,   in  which 
there  can  be  no  hydration,  attributes  the  change 
'  to  an  iaodynamio  prooeaa  or  perhape  to  two  mdi 


HO, 


/ 


H 


hhI;-oh 

HO-(''H 

HCOH 
CH.OH 


CH.OU 
#>iMHaeo8s. 


Ill  solution  the  compound  of  constant  rota- 
tion may  have  the  true  ahlehyde  formula  or  it 
might  have  the  enolie  structure,  the  presence 
of  which  last  seems  neosesary  to  account  for  the 
readiness  with  which  glucose  in  faintly  alkaline 
solution  is  convert*  '1  into  a  mixture  of  trluco'^e, 
fructose  and  mannobc.  On  dissolving  (i-^-glu- 
ooae  in  wftter,  the  hydrogen  atom  marked  (1) 
may  mmdor  to  the  lactonic  oxygen  atom,  the 
uppermoei  earbon  atom  of  the  d-iS-glucose 
molecnk  thus  losing  its  Mymmetey  to  i^ve  the 

hiaetive  group  B*^"*^  of  the  alddiyde  form. 

If  now  this  hydrogen  atom  jvasses  l>ack  again 
from  its  jxi-iition  (3)  and  attaches  itself  to  the 
aldi  hvdit:  oxygen  atom  (4)  by  the  ImjikI  indicated 
I",  tin'  thick  line,  it  will  yield  rf-a-glucose,  in 
which  the  asymmetry  of  the  upnermost  carbon 
atom  is  the  <)i)positc  of  that  founn  in  «f-j8  glucose. 
If  the  hydrogen  atom  (2)  <'f  the  aldchviic  form 
Waders  to  the  oxygen  atom  (4),  Ijoth  of  the 
upper  carbon  atoms  lose  their  a>«ymmetry  and 
tin-  (  III. lit;  form  r<  -idl-  ,  which  jm  -uni.ilily  may 
paiw  Uick  again  thmugh  the  al<l<  li\<le  form  into 
a-a-^uoose  or  rf-ii-gluoose  or  into  the  two  forma 
of  fructose  or  mannoae  leapeotiTely. 


(2)  H-(^-OH 
HO-i-H 

H  r  oii  (3) 

HCOH 

CH.OII 
AUlchydi-  furni. 


H-COH 
HO<iH 

r 

HCOH 

H-<  OH 

CH,OH 
Knnl  form. 


Influence  o/  TentptrcUure  Change  on 
Solution. 

Alteration  of  the  temperature  of  a  aohitioit 
is  generally  accompanied,  as  in  the  case  of  a 
homogeneous  compound,  by  a  corrsCTKmding 
alteration  in  rotation.  The  oaae  of  ethyl  tar- 
trate- has  been  examined  fairly  coniplete\v  and 
the  curves  of  Fig.  37  will  help  to  explain  tho 
n  sulta  obtained ;  the  thick  graph  rcpreaenta 
the  chango  of  rotation  of  the  undiluted 
ester. 

In  a  solvent  such  as  aoetylene  tetrachloride, 
p>s>9-3  which,  at  20°,  has  a  powerful  depressing 
eflfect,  tho  rotation  rises  rapidly  with  increase  of 
temjx^rature,  whilst  in  a  solvent  hke  a-nitro- 
naphthalene,  |>»5,  which  greatly  xaiaee  the 
rotation  of  the  ester,  rtoe  of  temperature  dimin- 
ishes the  rotation  with  almost  o'lual  rapiiiit;.  . 
Other  solvents,  or  the  same  solvents  at  inter- 
mediate oonoentrationa,  fnodnee  effects  lying 
!"  tnrcii  these  extnnnes  in  such  a  manner  that, 
niugidy  spealung,  the  whole  series  of  curves 
gives  Uie  impressiDa  of  e  gtadnal  variation  of 

'  8eo  E.  F.  Armstrong :  The  Simple  Carbuhydrates 
and  the  OlacosMes  (Longmans,  101O|,  p,  M. 
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tome  property  irreatpeetive  of  the  ofaemicai 
eoafNWIjcm  of  the  aolvento.   It  b  htterestrng 

that,  whiL*<t  the  maximum  rotation  of  tho 
hnmofreneous  eetcr  lio«  at  a  t«?mptTHturc  uf 
175%  it  is  ai^iii  quite  Apparent  in  a  solution  in 
m-dixiitio-baiMie  <»f  p««49*6.  bat  «t  »  lower 

in  Solution 
Ethyl  Tartrate  in  Vanoas  Solvents. 


40'      m'  iw 

Tempei  iiturt 

Via,  37. 


tempermtore,  1S8*.  The  ovrve  for  ;)-nitro- 
tr)lTiPn*»,  7>=20.  5«how^  n  maximum  at  about  Sfj", 
and,  from  the  app(-Mranc«  of  thft  other  curvi-H, 
the  meximum  poARoe  ntpidly  to  lont* r  teni|K-r)i- 
tTirf>8  as  the  rotation  inoreeaes.  It  isvems  likely 
tbut  other  sabHtanoes  doaely  leUted  to  ethyl 
tartrate  vs'^uld  l)eh»ve  in  aolution  in  a  very 
Mft'^r  manner. 

ApAtfiiem  of  ai^c«  «afi*  tii  aofalMm.  In  1873. 
I/iri(lo!t  (IJ.T.  1S7.1,  n.  1077)  oW  i  v.  i!  til  If  n.r. 
of  the  neutral  tartrat^-w  ui  aqueous  solution  ha<l 
»I1  yery  neariy  the  same  tipecitic  rotai  ion,  whilst. 
1,-itfr,  Ou<!f-m"anj4  (Annalcn.  1M70,  197.  4H.  tKi) 
MhoH'ixi  that  the  rotation  ai  iiUul:#»  fi/»!«itioii.s  of 
Kalta  of  quinamine  Hcemwl  to  Iw  ii  i  li  [<•  i  !■  :  t  u\ 
the  «<M  rii'Iti  It  .  Hadrich  (Zfit:*fh.  jdiy-ikal. 
Chem.  iH'Jii,  47ft)  appUod  the  di.^sooiation 
theory  to  the  explanation  of  tlu;rf«;  rcsiilt.i. 
BOg^NitiDg  tbAt,  M  the  eolation  of  a  salt  in  di* 
|ate<1,  the  rotation  in  modified  bccaum  the 
.i<li\c  ri»'!irl*-  l)<(Mrn's  tiiorc  atid  iiion^  ili'-Hoci- 
aUxl  from,  and  thcrctorc  \kaa  and  Ii^hh  irtfliK  ru  i-d 
by,  the  inaoiiTe  radiele.  In  very  dilute  ^^du• 
ti'iir-',  t!if'  rnT.itlon  i>  fliit,  nicn-lv,  <>f  \\w  fi<c 
active  loii.  TLuH  l^ijuloit  lound  tln'  \u\\kw\\\)1 
dftta  for  HolutionH  containing  7'<VJ  ltiiis.  of 
tArterio  moid  in  100  m.   Even  in  thi'M!  by  no 


meana  very  dilute  solution*  the  routione  lie 
fairly  doee  togeUmr. 

Kentxal  tertiate  of  [M]„ 

Lithium              .  .  +68-1' 

Sodium        .       .  .  SB'S 

Pof  ii.-.siiim     .        .  .  64*4 

Ammoiii'iin  .        .  .  03*0 

Again,  Popo  uud  Peachev  (tlicm.  Soc,  Trans. 
1899,  75,  1086)  f^iw  the  folio vi-ing  loUtione  for 
compoonds  formed  by  the  oombonation  re- 
spectively of  dextro-  and  Uevo-  tetrahydro* 
qninaidiiw  with  dagtro-oAmphor-nlphonie  mmI. 

SubHtaoce  (Ml^ 
J0,*H.,N-<i(;„H,,O-SO^  +173-3' 
I  .|   _lHh5 

Half  the  difference  between  these,  121 -4**. 
ehoold  be  the  rotation  of  a  dilote  eoloticm  of 
either  form  of  tetrahydroqutnaldine  hydro* 

chloride,  fuid  for  th<-  \.v\u  v.irifly  cxpf ritnciit 
gave  — 121-7''.  i'urthcr,  half  the  sum  of  the 
above,  61*9^,  ehoukl  be  the  rotatory  power  of 

ammonium  rrimphor  .«ulphonat«\  for  which  the 
value  .51 -7*  wa«  luund.  Uoe  is  occaiiionall  v  made 
of  this  principle  in  determining  the  rot'ition  of 
small  quantities  of  active  ha^^  or  ncids.  obtained 
by  the  resolution  of  potentinlly  attive  com- 
pounds. 

TIm  truth  of  this  Law  of  Oudemans,  as  it  is 
called,  has  been  qnestioned  by  F.  L.  Shinn  (J. 
Phys.  Ou  m.  lfX»7.  11,  201). 

The  following  table  gives  some  data  for  ethyl 
tartrete  end  for  niootiiie,  in  regard  to  the  relative 
ffTt  ct  of  f h<'  .'^nme  set  of  solvents  on  fh<^  rot fition 
of  a  number  of  different  active  compounds. 

Table  XIT. 


Solvent 
FormMoide . 

Water 

Methyl  alcohoi 
Ethyl  aloohol 

R-nzene 


Ethyi  tartrate  Nict^tine 

(al^hiOnite  [a|„lnfliiite 

dilution  dihition 

+30-4^  _70° 

20-85  77-4 

11-5  129-4 

9-13  1101 

6-1  163-5 


Ethylene  bromide     — 194         183  5 

The  eeonenoe  of  the  ntationti  in  these 

different  soIv^nTs  tlir  .^;iin<-  r.r  both  active 
compcmnds.  Htt  u^*r,  Wnldin  (Ik-r.  1005,  38, 
34.'*)  for  data  bearing  r>n  tliin  Kubj(»ct.  I^rther 
Work  in  fhif  direction  is  drsirablc. 

Mixed  aolvcTUs.  The  effect  (if  mixed  polvents 
such,  for  instance,  as  a  mixture  «>f  nitrol»enzrn«.' 
and  ethylene  bromide  on  ethyl  tartrate,  or  of 
watrr  and  calotnm  chloride  on  phicos*-,  ha^  iK-en 
fxaniinod  by  Rinit'.u  |i  fZfilsch.  phvsikal.  (^cm. 
1802,  9.  698;  Kimbach  and  Weber  (ibid.  1005, 
51,  473) ;  Patterson  and  Montfromerie  (Cliem. 

TriiiiH.  HK)(>.  a-.  1128):  Slubba  (iltrf.  I!»I1. 
00.  220.5);  Patttrson  and  Anderson  {ihid.  1012, 
101.  1h;{3),  but  no  generalisation  seems  to  be 
possible  ae  yet. 

CotMnatiM  of  Active  Solute  wUk  Jwutive 

Solvent. 

A  8U'jv'**s( ion  oft<-!i  mml«;  to  account  for  the 
variatiottM  of  n>tntion  oltt^ervi-*!  in  Kr>hition  in 
ar*-  l(  rtn<  d  '  indillrn  nt  '  solvents,  is  tii.iL 
(■••jupli  X  )ii<<lv<.iikH  of  aolut*,'  :iiid  mlveiil  arn 
formcii.  but  the  evidence  a<lvanr>e4i  is  u>imlly  of 
a  nefjative  character.    An  cxteuHvo  re>eareh 
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by  Scheuer  {2ieiUch.  phyeikAl.  Chi  in.  1910,  72, 
613),  wliich  included  oxperiments  on  the  vis- 
coj^ity,  dilatation,  mclting-pomt,  mul  rotation 
for  light  of  various  refrangibi lilies,  of  uaxiures 
of  ethyl  diacetyltartrate,  and  menthol  re- 
■peotively.  with  »  number  of  difiennt  wlvente, 
Ukiled  to  detoot,  dtlier  in  the  liqnid  or  the  totiA 
phftsc,  any  fiign  of  rom]»lpx  foruuitifin. 

In  some  cases,  however,  combination  cer- 
tainly does  ooenr.  Thau  Biot  (Uim,  de  l*Aoad. 
1837,  16,  229  ;  Ann.  Hiim.  Phys.  1844.  [iii.]  11. 
82 ;  1850,  29,  341,  430  ;  I860,'  69,  229)  noticed 
tiwt  the  addition  of  hogto  Mid  to  solutions  of 
tnrtaric  noici  greatly  increased  their  rotation, 
aiul  the  eame  tiling  luis  btcu  observed  by 
Gemez  for  molylKlatos  imd  tungstat««  (Corapt. 
rend.  1887,  104,  783 ;  1888,  106,  lfi27 ;  1889. 
108,  942).  The  addition  of  one  moleenler  pro* 
portion  of  ammonium  molyUdate 

[NH4l,Mo;Oi,.4UjO, 
to  a  CamZ'S  solution  of  tartaric  acid,  rauKcs  the 
rotation,  a^^,  from  +0-3yi'>  to  +15-66'.  This 

prinei|jle  is  thetefore  oooMdoni^y  employed  in 

mvostij-iti'  Tis  where  pmnll  quantities  of  active 
<X>mpouiids  are  obtaintxi,  in  order  to  iuorease 
the  rotation  and  render  it  perceptible.  These 
increases  have  only  been  observed  for  active 
oxy  acids,  and  the  ini'thod  must  be  used 
with  caution,  since  it  \\'a^  found  by  Gemez 
(Oomnt.  rand.  1880,  109,  769)  that  whilst  the 
addiniDiiof  onemoleoiilKreqiiiTalent  (2-01 7  grms.) 
of  aodium  molybdato,  NagMoQ^iSfigO  to 
mnlic  scitl  t-olution,  p=9-97,  raijt<*d  a^J  from 

-0-189°  to  -f  13-26*,  the  addition  respectively 
of  I'Af  2-85,  4-25  grnu.,  gave  in  eaoh  instance 

an  inactive  solution,  mnximnm  and  minimum 
rotutious  ocoarring  at  iult'rmediatc  concentra- 
tions. Oompoimda  of  this  type  and  also  those 
containing  arsenic  and  antimony  ha\f  h^tn 
examined  by  G.  G.  Henderson  with  l^n-ntice 
(Cheni.  S()c.  Trans.  1895,  67,  1035),  Barr  (ibid. 
1896,  69.  1452)  and  Orr  and  Whitehead  {ibid. 
1899,  75,  548)  not  only  with  malic  aotd  hut  also 
Willi  lartic  iicul,  whilst  Walden  (Brr.  1807,  30, 
2889)  uses  alkaline  uranyl  nitrate  for  producing 
strongly  active  oomponnds  of  the  same  type. 

Rotation  di^fn^ion.  The  dctorminaf ion  of 
the  rotation  for  hght  of  diiloreut  wave-leiigtiisi 
nay  be  oanied  oat  eith* t  ^^  ith  approximately 
monoehroniAtio  sources  of  ii^bt,  mch.  as  a  flame 
containing  incandescent  salts  of  sodium,  lithium, 
thallium,  indium,  or  that  from  a  merouiy  ace 
lamp,  the  light  being  pnriBed  by  means  of  some 
eolonred  eoTution  inuoh  absorbs  the  rays  not 
rrciuiri'l.  for  exainpl",  Winther,  Zeilsch. 

phvsiltal.  Chem.  1902,  41,  161;  Scheuer,  %lji<i. 
1910,  72,  518.)  It  ifl,  however,  better  to  ]>urity 
white  light  or  that  fioni  any  of  (he  miutk'^ 
mentioned,  by  means  of  a  Hjiectroscope,  placed 
at  either  i-nd  of  the  polarinieter. 

R^.sults  similar  to  the  foUowing  an  then 
obtained  : 

Frnunhofer  line  15        C        D        K        V  r, 
Wavc-k'iigtli    C6^-l  r).1(V2  5Hif2  :>ti\<d  iswi  4:iO-7 
Quart/. '  « 

1 1  mm.)  +15-7a''  irW  21-71"  27-64^  32-7e^  42-59'^ 
Socroie^M  +47'att  52*70  €6-40  84'50 101*81 131 -ftS 

The  ratio  of  the  values  for  light  of  any  tyfo 

'  Sorrt  ati'l  Sarusiti,  r(>ni|>t.  roriM.  \        9',,  f,:\:,. 
•  Ciine  sujjur  in  wjitcr,      li>-au,  Sstolaa,  Wien,  Siu. 
Ber.  1866,  62, 11. 486. 


I  wavc-lcngtlis  is  termed  the  dispersion  co- 
,  efficient,  and  in  the  above  cases,  taking  the  B 

line  as  imit,  the  dispenion  ooeffidenta  would  be 

as  follows : 

FraiiiitioferlfaM    B      C         1)         K        F  «i 

i  Quartz .  .  1  109  1-38  1-75  2-08  2-70 
jSiieMMe       .1   Ml   1*40  1*78  2*18  8-77 

Tlio  flis{H  r>ion  of  quartz  is  practically  the 
I  same  aa  that  oi  a  cane  eu^^r  aolotion — a  moioee 
I  solntJoo  wUehhaa  the  eame  rotation  aa  a  entain 

quartz  t)1ate  for  any  one  my  will  have  the  gamo 
rotation  as  the  quartz  plate  for  ail  rays,  wiuch 
makes  it  poanble  to  use  quartz  wedge  compensa- 
tion instruments  for  the  determination  of  the 
rotation  of  sugar  solutions. 

For  the  relationship  between  the  rotation 

I  and  the  wnve-length  of  the  light  used.  Bolts* 

I  mann  (I'ogg.  Amu  Jubelb.  1874,  128)  haa  prcH 

I  poaed  tha  equation 

'  A  B 

'  in  wliich,  from  the  above  obaenrations  on 

I  quartz,  A=7-108293xl0-«  and  B=0-147708G 
xlO-'«.    For  the  sugar  solution  A— 2-1603G 
X 10  - »   and    B  —  6-4727 '  •     I  )  -  ' ».  Wmther 
(Zeiteoh.  physihal.  Chem.  19U2, 41, 182)  auggesU 

'  another  eiinwion,  which  a^rrees  better  witli 
his  result.s  tor  esters  of  tartaric  acid  and  iilAy 
prove  to  be  of  a  more  suitable  form. 

Li  a  number  of  oomponnds  moh  aa  qnartc, 

I  and  iu  sucrose  solutions,  the  dispersion  oo- 

I  efficients  do  uut  vary  with  change  oi  tempera- 

I  tnre,  and  in  numerooa  oases  also  the  diipefwm 

I  coefficients  are  the  same  for  the  homogcneons 
active  substance  as  for  ita  solutions,  when  the 

j  dispersion  is  said  to  be  normal.  Sometimes, 
however,  aa  was  first  observed  for  aolotions  of 
tartaric  aoid  by  Biot  (H<-m.  de  TAcad.  1838,  15. 
03).  the  magnitude  of  tlie  n)tation  does  not 
increase  conatantlv  aa  the  wave-length  of  the 
light  tiaed  diminiehee,  hut  xeadiea  a  masimam . 
at  some  intermediate  wave  length  and  then 
decreases  again.    Winther  (Zeitsch.  phys^iical. 

I  Chem.  1902,  41,  177)  flnda  this  to  occur  also  in 
homofreneou?  enmpounds,  Ruoh  a^  the  methyl, 

I  etliyl  ttud  /i-promi  esters  of  tartaric  acid  and 
the  same  holds  for  ethyl  diaoety)taKt>at» 
(Scheuer,  ibid.  1910,  72,  587). 

V\\:.  38  represents  data  obtained  by  Winther 
(I.e.)  for  tlif  tirft  tiirt-e  simple  esters  of  tartaric 
acid,  at  a  number  of  dlfiorent  tomperatureai 
the  dispersktn  being  abnormal  in  aU  eaaee.  The 

I  maximum  rotation  for  methyl  tartrate  ocrnra 
in  the  neighbourhood  of  the  yellow  light,  but  as 
the  temperatun^  rieee  the  maximum  shows  a 
tf-ndt'ijcv  to  shift  to\mrds  the  violet ;  this  is 
clearly  more  proiiouaccd  amongst  the  curves  for 
ethyl  tartrate,  and  so  much  so  in  those  for 
n-propyl  tartrate  that  at  70"  the  dispersion  has 
almost  become  normal.    It  is  of  interest  that, 

I  just  as  has  already  been  observed  in  regard  to 
the  efiect  of  tcmperatvie  oliange  on  rotation  in 

■  soltition  (Fig.  37),theRetof  corves  for  these  three 
homologous  esttxs  stein.-:  fo  form  a  complete 
whole ;  some  propcrtv  appears  to  progress 
gradually  throughout  tfie  diagram,  iirMpective 
of  the  nattiro  of  tlie  <  In micaf  compouna  used. 
The  alteration  uf  di.-,jiorsion  for  the  throe  esters 
iH  closely  ajialogous,  so  that  if  methyl  tartrate 
Ik?  healed  until  it  haa  a  rotation  of.  nay.  a°  for 
the  red  rays,  its  dispersion  curve  at  that  tempera- 
ture wiU  be  the  same  aa  that  lor  etbjl  taitiate 
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at  the  temperatnie  at  whioh  its  rotation  ia  also 
a*  for  i«d  light,  the  suae  ocrve  being  obtafned 

for  n-propyl  tartrate  at  some  other  temperature. 
The  oispenion  ourve  for  ethyl  tartrate,  for 
emnple  *t  78*,  is  ooinoidcnt  with  the  dispeirion 

mirrc  for  n-propyl  tartrate  at  19°  ;  so  far  this 
property  is  concerned,  ethyl  tartrate  at  12° 

notation  Oiaperaion  of  Methyi,  Ethyl  cmd 
n  Propyl  Turtmte  at  DIffennt  Tmpera^wt, 


16 


•>5> 


r2 


T 


T 


T — r 


20'C. 


<[-  Sr« 


\ 


\  - 


\  - 


Elh^l  Ttjrtrafe 
Mftfi^l  lortrate  ^ 


■  ■ 


Fio.  38. 


4»S  4437 


to  ba  Ibe  SMme  thing  M  n-fvopyl  tartrate 

at  19'. 

For  a  photographic  method  of  detorminiiig 
dispetnon  into  the  ultra-violet,  aee  Lowry, 
PKkj.  Roy.  Soo.  1908,  A.  81,  472. 

Magnftk  rotation.  Faraday  discovered  in 
1846  Uiat  the  plime  of  polarisation  of  li^ht 
paoed  throtrgh  transpannt  matter  of  any  land 
in  a  magiielio  field  in  the  dirrction  of  the  linc3 
of  force,  IB  altered  to  an  extent  pn>ixirtiunttl  to 
the  strength  of  tiie  field,  the  thickncos  of  the 
lavPT  of  svibs'tancc  tmrcr»<*d,  and  the  nature  of 
the  light  used.  If  tlio  field  is  produced  by  a 
cnnent  flowing  round  a  coil,  the  direction  of 
rotation  of  the  phine  of  polariBation  is  gonorally 
positive  for  diamagnetio  suhgtaneee  and  nej:;)itive 
for  mn^Mutic  Hiibstiiin  tli«-  |X)3itivo  direction 
being  that  in  which  the  current  producing  the 
6eld  flows,  without  reference  to  the  direction  of 
the  ray.  Thtis  if  the  field  bo  produced  by  a 
oorreat  flowing  in  the  counter-clockwise  direc- 
tion lelstlve  to  the  observer,  the  rotation  of  a 


positive  sabstance  will  be  also  in  a  counter- 
clockwise  direotion,  and  if  the  beam  be  reflected 

back  through  the  substance  the  plane  of 
polarisation  will  be  apn'm  deflected  in  the  same 
direction  ae  Ixjforc,  so  that  the  angle  of  rotation 
after  passing  back  and  forwards  through  the 
substance  will  be  doubled.  Magnetic  rotation 
thus  diflian  very  narfcedly  bom  psnttsiieiit 
rotation. 

From  the  chemical  point  of  view  this  pheno- 
menon his  (M  i  ll  fli  vcloped  almost  excl'i  i^'  '.■ 
by  the  late  ^  W.  H.  iPerkin,  in  a  series  of  very 
oomprehensiye  papen  (Gbem.  Soo.  Tcans.  168S, 
41,  330  ;  1884.  45,  421  ;  1806.  69.  1026  J  1008, 
89,  608  ;  1907,  91,  806  and  others). 

Perldn's  method  consists  in  determining  the 
magnetic  rotation  of  water  and  then  under  the 
same  oircumstoaoes  of  field,  &c.,  the  magnetic 
rotafiOB  of  some  other  substance,  the  current 
being  reversed  after  each  observation  and  the 
mean  of  the  sum  taken.  Each  rotation  is  then 
divided  by  the  corresponding  dcntiity,  the  value 
thus  found  for  the  substanoe  as  oompaied  with 
that  for  water  talcen  as  tmity  beobog  the  speeiflo 
magnetic  rot  it  in  of  the  substance.  The  specific 
rotation  multiplied  by  the  molecular  weight 
gives  the  moleoolar  magnetie  lotatkm. 

In  ascending  a  homologous  pcries,  the  mole- 
cular magnetic  rotation  increases  by  a  constant 
amount  ror  each  CH^  group  added,  and  ddfaiito 
values  may  be  obtained  for  certain  groups  or 
atomfl  BO  that,  knowing  the  constitution  of  a 
compound,  its  molecular  magnetic  rotation  can 
be  oalonjated.  PerUn  applted  this  method  as 
a  orilerion  for  the  determination  of  the  oon- 
stitution  of  certain  substances  which  prest-ntcd 
difBooHy.  Thus,  for  example,  ho  foimd  (Chcm, 
Boo.  Trans.  ISOt,  81,  2M) 

sutistanoe  Melacttlar  masnetle  lotatbn 
Hexane    .      .      «  6>646 
Hezamethylene  6^164 

the  difference  between  these  values  (— 0-9M) 
being  that  duo  to  ring  formation  and  \vys  of  two 
R torus  of  hydrogen.  In  his  last  paper  iibid. 
1907,01,       ho  quotes: 

Magnetic  rotation  of  hoxatriene  .  12*196 
Difterenoe  due  to  ring  formation  .    — 0-082 

11-214 

,  The  sum,  1!*214.  should  be  (he  rotation  of 
benzene,  which  ia,  in  fact,  U-:^84.  There  is 
httle  doubt  that  magnetic  rotation  is  one  of  the 
most  definitely  constitiitive  properties  that  we 

f  know,  but,  owing  to  the  elaborate  and  oostly 
character  of  tlie  apjKirutii.s  rciiuircd  iind  thi-  un- 
remitting attention  necessary  in  carrying  out 
observations,  it  lias  been  nsed  by  nw  other 
workers. 

In  addiliua  to  the  original  papers  quoted  in 
thu*  iiriitlo,  the  following  booKs  may  be  con- 
sulted for  ftilliT  details  regarding  roo^t  nf  the 
matters  dealt  with: — H.  Landolt,  Da^  optischi; 
Drehungsverm-jgen  organischcr  Verbindungen, 
1898 ;  the  same,  translated,  with  additions  to 
date,  bv  J.  H.  Lonj.  The  Optical  Rot^tins; 
Pir>s-.  r  Oru'atii<;  S  ;'i  tancr.s.  19<>2  ;  J.  H. 
van't  lloU,  The  Arrungomcnt  of  Atoms  in 
'■  Space,  translated  by  A.  Eiloart,  1808 ;  A. 
Werner,  Kurzes  lA>hrl)ueh  d  t  Si  r  >  li  rt^io, 
1904  ;  A.  W.  Stewart,  Stereuchemmlry,  1U07. 

T.  S.  P. 
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POLLAJNITB  V.  Fybolusits. 

POLONIUH  (Itadittm  F;  Sa4i«ftttwiim). 

At.wt.  =approx.  210  (?). 

A  radioactive  element,  di8a>vered  by  P.  and 
M.  Curio  in  the  fesidtteii  obtained  from  pitch- 
blende afti^r  the  minpra!  hivl  H'  f n  roasKKi  with 
HoUium  carUjuate  and  the  i)r(i(juct  extracted 
with  sulphuric  acid  to  dissolve  uranium  salts. 
The  insoluble  residue,  from  which  radium  was 
oria^inally  prepared,  was  found  to  contain  another 
railionctivo  ch-mciit  wliieh  wa.s  pn'cipitat^'d  to- 

£ ether  with  bismuth  sulphide  by  sulphuretted 
ydrogen  in  Mid  solution  (Oom'pt.  mid.  1809, 
127,  175).  The  further  separation  of  the  active 
bodv  from  bismuth  wa«  effected  by  tlie  following 
metliods:  (1)  sublimation  of  the  sulphidee  at 
700*  in  vacuo,  the  active  aulphido  being:  the  more 
volatile  ;  (2)  precipitation  of  the  basic  nitrates 
from  solution,  the  active  material  precipitatitifj 
first ;  (3)  precipitation  of  a  strongly  acid  chloride 
solution  with  hydrogen  sulphide,  the  active 
.sulphide  separating  first.  (For  the  preparation 
of  polonium  compounds  r.  also  Qieeel,  Ann. 
Chim.  Fhys.  1899,  fii.]  69,  91 ;  Ber.  190S,  35, 
3B08;  1903,  36.  72S,  2368;  1908,  41,  1069: 
Marckwald,  Ber.  1W2.  35.  2286;  Qirie  and 
Dehieme,  CJompt.  rt<n(l.  l!)10,  160,  386.  ) 

In  1902,  Marckwaia  (Ber.  1002,  .'Jo.  2285. 
4239;  1903,  30,  2662)  ohtaiued  a  radioactive 
BubHtanoe  associated  with  tellurium,  which  he 
Mlled  radiotellunum.  This  is  aknoat  oertainly 
idmtioal  with  polonium,  as  Debleme  soon  after- 
wards pointed  out  (Cornpt.  rend.  1904,  139, 
28 1).  Although  Marckwald  ( Jahrb.^Badioaktiv. 
Elektivbtk.  2, 183)  disputed  ffieir  kientlty, 
he  subsequently  (Chem.  Zentr.  1906.  ii.  412) 
recommended  that  his  material  i»huuld  be  called 
polonium. 

Polonium  has  been  found  in  the  uranium 
mineral  carnotit^s  (Fricdcl  and  CJumenge,  Compt. 
tend.  1899,  128,  632). 

When  a  plate  of  bismuth  is  immersed  in  a 
polonium  solution,  the  active  matter  is  deposited 
on  llie  plate  ;  the  active  material  is  also  preoipi* 
tatcd  by  stannous  chloride  (Marokwald). 

The  radiation  from  polonium  ia  extremely 
active,  consiKtinp;  entirely  of  o-rays  identical 
with  those  of  radium  (Becquerel,  Oompt.  rend. 
1903*  138,  431 ,  977).  i  }>e  rays  arc  deflected  in 
a  strong  magnetic  field  (Mackenzie,  Phil.  Mag. 
1905,  [vi.]  10.  638 ;  Ewers,  Chem.  Zentr.  19W 
i.  1084).  The  range  of  the  o-particles  in  air  is 
3-8  cms.  (Levin,  Amer.  J.  Soi.  1806,  [iv.]  22,  8  - 
c/.  Asehldnass.  Annalen  Physik.  1908,  [iv.]  27. 
377).  The  activity  of  piloniuin  ilecuys  aeeon!- 
ing  to  the  usual  exj)oiieulial  law,  the  lialf-jieriod 
being  140  days  (Curie,  Compt.  rend.  1906,  142, 
273).  The  half-period  for  m  I  ntellurium  is 
139*6  dava  (Greinaeher  and  i^iernuann,  Jahrb. 
Radioaktiv.  Elektronik.  1905,  2,  136). 

Owing  to  the  minute  quantities  of  pokmiam 
available  it  haa  been  ejctremcly  difficult  to 
detect  helium  as  one  of  its  <li^intpgrntion  pro 
ducts,  but  Curio  and  Debiexnc  (Compt.  rend. 
HMO.  l.'K),  386)  have  obtained  1*3  o.mm.  of 
helium  fr^irn  npproxinmtrlv  0-1  nv^ni.  r.f  polo- 
iiimn  (c/.  GroHiaeher  an<l  Kerni)ntiiu,  Zeilftch. 
physikal.  Chem.  1!W7,  H.  330).  The  Hpectrum 
lines  A=4642.  4170-5.  3913-6.  36521  probably 
belong  to  polonium.  Polonium  preparations 
slowlv  evoKe  heat  (Duane,  Oompt.  rend.  190», 
148,  10U6). 


Polonium  has  been  identifie<l  with  radium  ¥, 
the  last  of  the  series  of  tranaformation  products 
of  radium  tl  ii  l  a  i d  recognised.  The 
change  from  radium  to  radium  F  involves  the 
lose  of  four  «  partiolee  from  the  atom*  The 
ntomio  weight  of  polonium  s^hould  therefore  bo 
about  210.  The  unknown  radium  G,  into  which 
polonium  disintcgratos,  is  devoid  of  sftnsiblo 
radioactivity,  aince  the  half  period  of  ]>olonium 
preparations  that  have  been  kept  for  five  years 
is  practically  identical  with  the  figure  given 
above  (Watsm.  Phil.  Mag.  191<^  fvi.l  19,  905). 
Radhim  G  will  probably  prove  to  be  lead. 

The  radio-had  o{  Hofn)ann  and  Strands  (Ber. 
1901,  34, 3033 ;  Hofmann  and  Wolff,  ibid.  1903, 
86,  1040)  has  been  abown  to  owe  ite  aetivity  io 
the  presence  of  the  transformation  products 
radium  D,  E  and  F.  The  substance  0-poloHiu.m, 
described  by  Giesel  (Ber.  1906,  39.  780)  was 
Rhown  later  to  be  radium  S  (Gieael,  ibid,  1906, 
39.  1014). 

POLYBASITE.  A  iulphantimonito  of  silver 
(60-72  p.c.)  and  copper  {:?-I5  p.e.)  with  the 
formula  8(Ag,Cu) .S  ({5b.A.s)»Si  (V.  R.  Van  Horn, 
Amer.  .J.  Sci.  1911,  32,  40).  The  antimony 
may  be  partly  or  wholly  replaced  by  aisenio, 
forming  a  passage  to  the  iaomorphona  speeiee 
prarcf  i'U  :  small  amounts  of  sunc  and  iron  are 
also  often  present.  Both  minerals  occur  as 
iron-blaok,  8ix-8ide<I  plates  with  monodinie 
symmetry.  They  are  found  in  the  silver- 
mining  mstricts  of  Mexico,  Colorado.  Nevada, 
&c..  sometimeain  sufTicicnt  abundance  to  be  of 

importnnre      ore«  of  silver.  L.  J.  S. 

POLYCHRESI  SALT.  An  old  name  for 
normal  pota.ssium  sulphate ;  applied  also  ■ome> 

timt-H  f<«  Hfulielle  Knit. 

POLYCHROMINE   v.    PbimUUNK  iLSl>  ITS 

POLYGALIC  ACID  v.  Senboa. 
POLYGON  IN  P.  Glucosides. 
POLYGONUM   CUSPIDATOH.   P.  etispt- 

datum  (Pie!;,  et  Zucc),  is  common  in  India, 
Cliina,  and  .japan,  and  is  referred  to  by  A. 
Henry  in  a  paper  entitled  *  Chinese  Names  of 
Plants  *  (Journal  Royal  China  Branch  of  Royal 
Asiatic  Society,  22,  New  Scrie?,  No.  5,  1887)  as 
'  Kan-yen,  M-u-t/.u.'  tlie  name  at  Patung  for  the 
root  of  the  cmpidatumt  which  ia  said  to  be 
need  for  dyeing  yellow. 

AccordiiiL'  to  Perkin  (Cliem.  Soc.  Trans. 
1895,  67, 1084),  the  main  constituent  nf  this  root 
is  a  gtneoside  pett/ganin  C„H2(,0,o.  forming 
orancre-yellow  needle?,  m.p.  202®-2ti^'',  wliieh, 
when  hydrolysed  by  acids,  gives  emodin  and  a 
sugar. 

A  trace  of  a  second  gluooaide  is  also  preeent. 
from  which  the  emoilm  laoifOfiMfAylefAer.  m.p. 

2'X)'',  ]ir(  viou-Iy  found  to  exist  in  the  root  It/irk 
of  the  Ventilago  madraapaiana  (Gaertn.)  (Chem. 
See.  Trans.  1894,  66,  932)  waa  obtaine<1. 

A.  G.  P. 

POLYHALITE.  A  triple  sulphate, 
K,S04-MgSO,-2CaS04.2HjO, 
oecurring  in  some  abundance  in  salt  deposit,". 
In  the  pota-nh'Salt  bcth*  of  Stassfurt  in  Prussi.T 
and  Stebnikin  Galtoiait  is  more  cIo.'»cly  asnociated 
with  rock  sali  ,  anhydrite,  and  gyp-juni  ;  and  it 
is  also  found  with  these  minerals  in  the  salt 
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mines  of  lachl,  EbonHce,  Aiusee,  Halbtatt,  Mtd 
Hallein  in  Austria,  Berchtcsgaden  in  Bavaria, 
Vic  in  Lomiue,  and  Vanui^viUe  near  Nanoy. 
Tb«  mineral  oooun  a«  nodube  with  a  filmnu  or 

plity  .-tincture  ami  a  brick-red  colour,  this 
colour  being  duo  to  the  enclosure  of  iron  hydr- 
oxide. On  the  artificial  production  uf  poly- 
h.ilitf,  V.  J.  U.  vau't  irufT.  Sitz.  Akad.  Vim, 
Berlin,  1900,  412  {v.  Tota^ivh). 

POLYMERISBD  OILS  v,  Ous,  Fjxmd^  mkd 

POMEGRANATE,  Punica  gratuUum  (Linn.). 
The  fruit  is  edible.  It  con.'^ists  of  a  hard  and 
thick  rind,  filled  with  a  pulp  euntaining  nuaMcoos 
8oL.l>.  E&a^  gives,  aa  the  oompoution  of  the 
pulp — 

Otlier  Fibre 
Invert  Cane  N-free  and 
Water  I'rotcin  ^ugur   i^aeat   ext.   Acid    seed  AsU 
7»-3     1-2      11  0     0-7     3-8     0-8     2-8  0-6 

Analysca  of  the  juice  of  pom^ranatcs  bj 
Botntr&ger  and  Plane  (Bled.  Zmtr.  ISM,  28, 
196)  show  that  ill  ripr  fniit,  the  jnicf  contains 
from  0-37  to  O  ol  urm.  of  acid  and  from  10-6  to 
13*09  grins,  of  reducing  sugar  per  100  o.o. ;  in 
unrip*^-  fruit  the  free  acid  amounted  to  from  3-0 
to  3*4  grnis.,  the  rotlucing  i^ugur  lu  from  7-8  to 
11*3  grms.  The  must  easily  ferments  and  yields 
a  wine  with  the  tiavour  of  raspberries,  con- 
taining from  4*4  to  7-0  grms.  of  alcohol  per 
100  CO. 

The  bark  of  the  stem  and  roots  is  used  in 
medioine  as  an  aatrinflent  and  anthelniintic. 

The  root  l>,trk  is  tlie  ricTn  r  in  the  ftctivo  princi- 
ple*— tht^  alkaloids — vdkiitune,  isopdletierine, 
pteudthptUeHtrine  ana  meihyl-pdletierine.  The 
firat  two,  con.-^titiitinjj  u.stinlly  from  40  to  50  p.f. 
of  the  total  alkaloids  present,  are  of  value  as 
vermifuge:  the  laat  tiro  have  little  or  no 
effect. 

The  total  amount  of  alkaloids  in  the  bark  of 
the  riiots  grown  in  the  south  of  France  is  about 
0*6-0-7  p.0.,  while  in  the  bark  of  the  branohee 
about  0-6 IKO.  is  present  (Ewers,  Aroh.  Pharm. 
I  ^09,  237,  40).  In  t Ik-  products  from  Java,  the 
figures  were  higher  (15c'ckurt«,  ibid.  1900,  288. 
8).  The  alkatotds  were  fii^t  obtained  by 
Tutixet  (Compt.  rend.  1878.  86.  1270)  who  fuund 
pcUetierine  C«H,,NO  to  be  a  oolouriut>^  liquid, 
boiling  (with  decoinp.)  at  195"*,  with  a  sp.gr.  of 
0-988,  soIu>)l(  in  20  times  its  vol.  ol  water:  its 
salts  are  Itavurotatory. 

«Sl>>Pfttletierino  is  also  a  liquid  of  similar 
composition  but  is  optioally  inaotive;  jwetwio- 
p<dleticrine  C;H,,Nu  is  a  orystalline  solid, 
luethyl-pelkii'Tuif  (',,H,;NO  ir^  a  licjuid  Ix-iling 
at  215*^.  soluble  in  25  parts  of  water  and  yielding 
salts  frtiieh  are  very  deliqueeeent. 

The  rtlknloids  of  pimrgranatf  hark  hnvr; 
\H3*in  stutlicd   by   (Jiaiiucian   ami  r  {Vm:v. 

1892.  25.  1001  ;  ibid.  26,  l.'>ti  ;  iMi.  27:!S  ;  1804. 
27,  2850):  Picrini  (Gazz.  chim,  ital.  1800,  i. 
408;  ii.  311).  and  Willntattcr  and  Vtniguth 
(Ber.  1905,  38,  1984).  The  rind  of  the  fruit 
contains  a  yellow  colouring  Huljstance — ^probably 
ellagic  Hcid  (A.  G.  Ptrkin.  Chcm,  9oc.  Trans. 
1897,  71.  1  !">7l  H.  I. 

POM£GRANAT£  RIMD  v.  TAKSiiNa. 

PONCBAU  V.  AjBO- GOLoronfo  mattkbs. 

PONCEAU  CHYSTAL  v.  Azo-  coloitrinu 


POPLAR  BUDS.  Chryttin  C,gH,oO«  is  con- 
taintd  in  the  leaf  buds  of  the  jxiplar  {I'o^/idn-^ 
pyratnidalis  (balisb.),  P,  tU^ra  (Linn.),  F, 
numiUfera  (Ait.)),  in  whiob  it  is  present  to 
the  extent  of  about  J  p.c-.  It  uas  first  isolute<l 
by  Piccard  (Ber.  i>,  884,  1100  ;  7,  888;  10,  170) 
and  is  beet  prepaved  by  the  method  devised 
by  this  chemist. 

An  alcoholic  extract  uf  1000  gruuiti  of  poplar 
buds  is  treated  while  hot  with  about  120  gxamfl 
of  had  acetate,  and  after  standing  for  ?iome 
time  the  yellow  precipitate  is  removed.  Through 
the  clear  filtrate  sulphuretted  hydrogen  is 
passed  in  order  to  deeompoae  lead  salts,  the 
sulphide  of  lead  b  ffltered  off  and  the  Kqnid 
evaiKjrated  to  dr>Ties8.  The  residue  dissolved 
in  a  little  hot  alcohol  gradually  deposits  crystals 
of  chrysin,  which  are  collected,  sveeessively 
extracte<l  with  cirlion  disulphide,  henzenp,  and 
boiling  water,  and  liiiaily  crystallised  two  or 
three  times  from  alcohol. 

Piirf  chrysin  crystalli-^^CB  in  colourless  leaflets, 
ni.p.  27.0°,  and  dissolve.s  in  allvixiine  solutions 
Willi  an  intense  yellow  colouration.  When 
aoetylated,  diacetykhrytin  C,,HaO|(C'jH,0)j, 
colourless  needles,  m.p.  185*  is  produced,  but 
by  the  aetion  of  methyl  ioilide  in  the  u.vual 
manner  a  monomdhylcther  CtfUaO^'OCH,,  m.p. 
103*,  only  can  be  prepared.  The  Uitt<!r  yields 
aeil^fd¥ry9inmonomethyldhrr 

C,,H.03(()(:fi3)(\H.O, 

colourless  needles,  m.p.  149°,  aiul  with  aieoholic 
soda  gives  a  bright  yellow  sodium  salt  which  is 
decomposed  b^-  wa'shing  with  water  (v.  Kosta- 
necki.  Ber.  1803,  20,  2901). 

When  digested  with  boiling  eunccntrated 
potassium  hvdrozide  solution,  chrysin  gives 
phloro^wdnol,  benxoie  acid,  iKefte  ocfd  and 
acttophenone  (Piccani,  l.c},  th>  I.i.-t -ruimt d  in 
very  small  ouaotity  and  the  reaction  c&u  be 
exfiresaed  as  follows : 
C„H„04+3H,0 

-=(',U.0,+C,HsCUOH+CH,C0011 

An  faiveetigRtion  by  Kostanecki  (Ix.)  indi- 
cates that  clu  vsiii  is  a  dik^dfwegfiiumu  and 
posseasee  the  constitution 


OHr 


OU 


Jf  ^ 


The  tir-t  hypothetical  {-rodtut  nf  the  hydro- 
lysis of  chrysin  by  means  of  alkaU  (compare  fla- 
vone)  is  2 : 4  i  6  •  ^rihydro3cyfaencoylaoeto{dienone 

t  J— j-OQ-i— CH,i 

on 

which  subrtcijuenlly  yields  phhrogliiciiUjL  and 
octtopheiwite  and  corAoM  dioxide 

OH/'^OH    ^^(j    ^  tHa  tU  C.ll. 

\/ 
OK 

FUluruglucitiuI.  Acetuplauuuv. 

On  the  other  hand,  phloroatefoftfienimtt  (which 

is  un.st  il  lr  in  tli<'  j»re-'  r;i  c  rf  all;  il;  and  is  there- 
by iHJUVcrtfd  into  ptilon/giucinol  and  aveiio 
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add)  and 
diwed. 


beDtoie  add  may  alio  be  pro- 


OH;  OH 

CO-CH, 


4-C,H«-000H 


nioneetopbenone.  Beiuoic  acid. 

Oiiyiia  h»»  be«Q  qmtJiesiseci  by  Emileu-icz, 
Kostanedd  and  Tambor  (Bcr.  32,  2448)  in 
the  followiiig  manner. 

Fhhroacttophentmelrimetkyl^her  (I)  gives, 
when  tnated  with  ethyl  benioata  in  the  pteaence 
of9o6iwea,2t4tfl4rimdko»ifbt»w^  (2). 

OGHi/^,OCH, 


(1) 


(2) 


(8) 


— CO-CH, 

OCH,^'^,OCH,  CO;' 

I     1         ,  \ 

.—CO-CH, 


\ 


OH 


I! 


The  Utter,  when  digested  with  strong  boiling 
hydriodic  acid,  is  denicthylated  and  ring  forma* 

tiun  occurs  with  tlu-  produeliuii  of  chrysin 

The  folioMing  derivatives  of  chrysin  have 

been  i^rcpared. 

Dibra:,:r},Ti;R\n  CijFT^Br.O,   (Piccanl.  Ber. 

1873,  ti,  byi>> ;  JJi  uj'lochn/nn  C,jH«I,0|,  yellow 

nec<lieH(Piocard );  i><'i/7rf>r//rj/o*»nCi,Hg(N02),04, 

ml  lc:.Mr-f    m.p.  272°  (Piccunl  fin<!  Darier*  Ber. 

1894,  ^7,  -I) :  Ckryatnvionoethykthtr 
C„H,0,(0C,H,). 

thin  ne«;d!c9  (m.p.  140*)  (Piccard) ,  ChryainvBO- 

umyUthir  Ci.HgOaCOCjH.,),  thin  needles*  m.p. 

125*  (Piocard) :  Ihbrtnnehrifnimoamyielher 
C„H,Br,0,(OC,H,i) 

needier,  and  dinitro-diacetylchrtm'n 
C,,H,0,(N0,),(C,H30), 

yellow  neodles,  m.p.  229*  (Daricr,  I.e.), 

Di«aznf',  uznirchryain  (pierktn*  Cbem.  Soo. 

Trau.H.  Ibyd,  09,  1439) 


C,H,-N,. 


CO-^ 


CH 


orange  red  needles,  m.p.  251"-2"i2°,  in^ohililr  in 
ulkaline  .-(t'iition.<^.  is*  iinaltcrcci  by  prolonged 
fligestioTi  Willi  uct  Uii  auiiydride, 

Chrysin  is  a  ftcblo  dyestuff.  The  shades 
produced  on  wool  mordanted  with  aluminium, 
efaromium  and  iron,  are  respectively  pale  bright 
yellow, pa U'yellow-orann c.  uid  chocoluto  luuv^n. 


poppy,  Papaver tomniferum  (Linn.),  viz.  P.  albvm 
and  P.  nigrum  (DC),  by  pressing.  The  plant 
is  grown  ext<«n«ively  in  Asia  Minor,  Persia, 
India,  Egypt,  South  Russia,  and  the  Korth  of 
EVanoe.  The  seed*  yield  from  4£HM)  p^c.  of  oil. 
The  seed  prodaoed  in  liandiiiria  ie  grown 
together  \rith  othi-r  wiKI  .seeds  yielding  about 
It}  p.o.  of  a  nou-dryinff  oil;  hence  the  Man> 
churian  oil  ie  of  very  low  quality  as  regaidi 
drying  powers. 

In  France  a  distinction  is  made  between 
huiU  d'aeilUiU  and  hmiU  de  poMf.  Tli0  fmner  is 
obtained  from  indigenousi,  or  at  any  rate 
European,  poppy  seed,  whilst  the  name  AtttZe  tfe 
pavot  is  given  to  the  oil  ohtnined  from  oversea 
Heed.  Since  by  far  the  grcateat  part  of  ex- 
preoed  otfai,  botn  of  European  as  abo  of  ovene* 
origin,  \a  u.sed  a  table  oil,  nil  edible  poppy 
seed  oib  are  t^iriuod  huiU  d'csiUette. 

The  *  cold  drawn '  oil*  the  oil  of  the  tint 
expression,  is  almost  oolourlesR  or  very  pale 
goldui  yellow:  tlii.s  is  the  'white  poppy  feeed 
oil'  of  (  iiiMUTce.  The  second  quality,  ex- 
pressed at  a  higher  temperature,  is  much 
mferior,  and  constitutes  the  *red  poppy  seed 
1  oil'  of  commerce. 

*  Sweet'  (fine)  table  oiU  pxepared  by  cold 
expression  in  Mareeillea  and  in  the  nocth  of 
Pwnce  (in  Lille.  Arms,  I>may,  Ombrai).  The 
oold-prcssed  oil  is  tillered  before  bein^  placed 
on  the  market.  In  some  of  these  establishments 
paper  filters  arc  said  to  be  used  even  at  present. 

Poppy  seed  oil  has  little  or  no  odour  and  a 
pleasant  taste,  so  that  it  is  largely  used  as  salad 
oily  eepeoiaUy  as  it  does  not  Msiily  turn  landd. 
The  ou  of  unsound  quality,  however.  pOMeesea 
an  acrid  taste. 

The  cakes  resulting  as  a  by-product  axe  rich 
in  nitro^t  n  and  are  led  to  oattfe;  onl^y  when 
(he  eak«  o  have  become  mouldy  are  they  em- 
ploy eU  H«i  a  manure  for  early  iruit. 

For  the  ehemical  and  physical  charac- 
teristics, see  tables  under  Oils,  FixKO,  AND  Fats. 

Poppy  see<l  oil  is.  as  a  rule,  contaminated 
with  small  qunntitice  of  st  ^aii  e  oil.  owing  to 
the  seed  being  usually  exprc^isod  in  the  same 
worln  in  whien  sesame  oil  u  prodnoed.  Edible 
]>)])py  .'-(■ed  oil  is  at  present  freqin'iit  1\-  ruhilte 
rat<?d  \nth  se^arn6  oil  and  also  with  hazelnut  oil 
to  improve  i  Im  tacte  of  the  edible  oil  obtained 
from  stored  seeds. 

The  differentiation  of  poppy  seed  oil  from 
walnut  oil  in  of  ini)x>rtance  in  the  examination 
of  white  paints.  The  readiest  means,  for  this 
purpose  is  furnished  by  the  bromide  test  ({«o 
Olt,s, FiXKD,  ANii  Fats).  Walnut  oil  yields  fr<»m 
1*4  to  1*9  p,c.  oi  ether- insoluble  bronimaK'd  gly- 
cerides,  whereas  poppy  seed  oil  yields  none. 

POPULiN    (Bruznyl  W,fl«)  C,„Hs,0,.2H ,0 

is  a  ghud  ide  (  iintiiined  in  the  bark  and  leaves 
of  the  Poplar,  Populuttrcmula  (Linn. ),  from  which 
it  is  extracted  by  boiling  the  leaves  uith  water. 
The  extract  is  precipitated  wth  lead  acetate 


Tcciochryein,  u  .second  cowttituent  of  poplar  and  the  filtrate  is  treated  with  suluhuretted 


buds,  i.s  present  in  the  benzene  extracts  the 
crude  chrvsin.  Tectochrysin  i«  chrysin  nirino- 
mcthylether  (Ct,U,0,-OCHi)  (Piccard).  and  us 
identical  with  tbc  nethyMtion  product  of 
ohmin  it«eif.  A.  O.  P. 

POPPY  SEED  OIL.   Poppy  seed  oU  is  ob- 
tained from  the  seeds  of  the  two  Tarieties  of  i 


hydrogen,  after  which  it  is  deoolounsed  with 

charcoal,  evapcirated  III  1(1  n  i  i  v.-iiill:=ed  (Piccard, 
Bcr.  1873,  6.  890:  Hallw«cL><,  Aunalen,  1857, 
lUl,  372:  Piria,  ibid.  1855,  90.  37fi).  It  can 
be  readily  obtained  also  by  the  following 

procci^ii. 

A  solution  of  20  giams  of  salioin  in  a  litie  of 
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water  ia  rendered  alkaline  with  potMBiani 

h\ ilro.xide  and  10  grama  boii/yoyl  ohloride  ftn- 
added  very  niowl]^  with  constant  stirring,  more 
alfaJi  being  added  from  iha»  to  tinM  bo  m  to 
avoid  the  formation  of  much  frre  arirl.  The 
populin  aeparaUx^  a  bulky  white  precit>ii  Ate, 
whjch  is  dried,  powdered,  and  extfaoted  with 
ether.  The  insuluble  residue  is  recf  t  il'i.stMl 
from  boiling  water  and  aubsequently  irom  hut 
ohol  (Dobbin  and  Wat»,  Fharm.  J.  19M,  78, 
233). 

It  forms  colourless  prismatic  neodloa  wbicb 
lo^e  thrir  i.  r  of  cry.-^taliisation  at  1<X)°,  and 
melt  at  ItiO".  It  haa  a  sweetiah  somewliftt  acid 
taste,  ia  kftvorotatory  (Biot  and  Pasteur,  J. 

1852,  179),  is  Hpirifii,'ly  soluble  ui  other  and  in 
cold  water  Init  readily  so  in  hot  water  and  in 
alcohol. 

When  boiled  with  lime  or  baryta  water  it  is 
decomposed  mUi  Mlioin  and  benzoic  acid.  With 
nitric  acid  it  yields  henzohdicin  CmH,oO„  and 
in  strong  sulphuric  acid  it  disfolves  with  a  red 
colour.  When  boiled  with  dilute  acid.s  it  yields 
BnlirHin,  l^enzoio  acid  and  elvcnsc  ( Lippmailll, 
£er.  1879,  12,  1040).   F.  Gx.uoo8ii>JU. 

FOBOBLAnf  V,  Pomnr. 

FORCE  LAIN  CLAY  v.  Clay. 

POBCELAIK  STONE  v.  Clay. 

FOBPBZITB.  A  nativa  alloy  of  gold  and 
jwUadinm. 

POBPHYRY.  A  term  loosely  appiied  t-o  any 
rook  in  which  distinct  eryatak  are  erobeddetl  in 
a  fine-grained  pround-ma^^.  The  structure  is 
well  seen  in  many  igiteoUis  ruuks,  where  crystals 
have  consoUdateti  from  a  molten  magma  before 
the  emption  of  the  maas.  The  typical  porphyry 
of  the  attelent«,  £apt«  purpureiu,  oontaintt  crys- 
tal^^  of  whit«-  or  pink  felxpar  m  a  jmrpfe,  orimtion. 
or  chocolate-coloured  base,  whence  the  original 
nanw  vop^vpoGy  or  iroo<pvpirjt%  \l0»f.  It  waa  ex- 
tensively quarried  by  the  Romans  at  Jybel 
Dokhan  ('  Mountain  of  Smoke '),  in  oaatern 

S;ypt,  a  locality  described  by  Latin  writers  as 
(m  f  porphifriir.o :  hut  although  regarde<l  as  the 
mo!»t  (iumptuuuM  of  decorative  stonctt,  and  Irirgely 
oaed  by  Roman  architect*  and  sculptont  for 
pjUan,  pavements,  busts,  and  sareophagi,  it 
app^r!!  to  have  boon  unworkcd  by  the  ancient 
I^gyjjtian-^. 

The  orystala  in  the  ancient  red  porphyry 
were  analysed  by  Defease,  who  found  them  to  be 

a  lime  soda  pla;:iocla80  (Bui.  Soo.  f7e.d.  Fram  <  . 
3  s^r.  7,  484).  The  crypto-crystallme  ground- 
maai  eontatna  mnoh  felspar  altered  to  a  reddish 

inanf;anifernus  epidot*'  (\\  ithaniitf ).  The  red 
ooIdux  of  the  rock  is  mainly  liue  to  the  large 
quantity  of  Itnely  tliv^ide<l  htematitc  (J.  Couvat, 
Compt.  rend.  1908,  147,  Beautiful 
crystals  of  hornblende  uttiir  in  the  nnci<'iit  re«l 
pcjrpliyry.  and  the  rock  ni;iv  <ii  <  ril»<'d  as  a 
korrM^tde-M^kynte.  The  history  ol  the  rook 
has  been  ftalTy  worked  ont  by  O.  Schneider  (Uebcr 
d.  u  n>t.-n  Porphyr  der  Altrn.  T>r.v- deri,  1887). 
The  Egyptian  quarrica  have  been  visited  and 
described  by  mllianMon  and  other  travellers 
{v.  W.  Brifidl-  y.  Tran.^.  R.  In^t.  Brit.  Arehitectn. 
1888).  livd  {joruiiyry.  MitinM,yhat  similar  to  the 
Egyptian,  but  less  br mi  iful,  occurs  in  tli( 
Siikaitic  peninsuU,  at  Klfdalen  in  Swr«len.  and  in 
Siberia.  The  porfido  rmm  nntico  of  K^ypt  i.s  tu 
be  clearly  distint^ui~  li<  d  I  mm  rowoaniico.  or  the 
ancient  red  marble  of  X^aconia. 


The  green  porphyiy  of  the  anoiente  (porfido 
vcrde  anlico),  known  to  Itali;in  antiquarioe  aa 
aerperUtTio,  Man  worked  at  Mount  Taygettis  in 
the  Bforea,  and  termed  lapis  Laetdamoniw.  It 
6oiitainK  white,  or  pale-green,  crystals  of  plneio- 
claso,  embedded  in  a  grouiid-mai^H  tilleii  with 
viridite,  or  ohloritio  productis  of  the  alteration 
of  fcrro-mnfjnexinn  »ihcates.  A  similar,  but  less 
haiid.-ouie,  sloae  in  the  diabase-porphyritc  of 
Lam  bay  Inland,  near  Dubhn  ;  the  Latco  District 
of  Cumberland  alao  yields  a  similar  rock. 

The  quarti  porphyries,  belonging  to  the  acid 
^roup  of  i;.'tu}ou8  rocks,  and  known  in  Cornwall 
aa  elvans,  contain  well>devcloped  oryatals  oi 
qoavts,  and  often  also  of  felspar,  embedded  in  a 
udsitic  ground-ma«s,  consisting  of  a  minutrly 
orystaUine  aggregate  of  felspar  and  quartz.  The 
elvana  are  sometimea  worked  as  ornamental 
stones.  Many  granite  rork^  are  beautifidly  por- 
phyritic,  and  some  ot  the  Coiimh  granit^  owe 
their  character  to  the  presence  of  bold  cryttala 
of  orthoclaee.  Fine  cryHtal^  of  pink  and  salmon^ 
coloured  orthoclasc  form  the  cnaracteristic  fea- 
ture of  the  well-known  porphyritic  granite  of 
iShap  in  Westmoreland*  and  of  the  handsome 
tuxntliantte  of  Oomwall.  F.  W.  R. 

PORPOISE  OIL.  r>iri).)i.se  ihI  is  rd.tained 
from  the  brown  porpoise,  Dtlphxnus  phoccena 
(Unn.).  The  oil  from  the  bhtbber  i»  kept  Neparate 
from  that  prepared  from  the  cavities  in  the  head 
and  irom  the  jaw,  vXitelly  in  the  case  of 
dolphin  oil  (see  Oils,  Fixxd,  aki*  Fats  tables). 
Ht  !>ec  we  di£Eerentiate  between  bodjf  ml  and 
jaw  uiL 

Both  oils  are  characterised  by  the  high 
prtjportion  o£  volatile  fatty  acids  they  yield  on 
saponification.  The  |aw  oil  oontaina  much 
higher  profHjrtions  of  vcdatih-  acid.i  than  doea 
the  bouy  otL  The  oil  is  lued,  like  dolphin  oil, 
for  lubricating  delicate  machinery,  especially 
type<writiiig  machines.  J.  L. 

PORTLAND  CEMENT  v.  Cam&mtb. 

PORTUOALLOOIL.  Essential  oil  of  orange 

pf<  l  fr  KSSKN'TIAT,). 

POTASSIUM,    Syuil>oi  K.     At.w.  au  1. 

<j<x  unencs.  Putoseittm  ooonrs,  principally  aa 
chloride  and  sulphate,  in  sea^water  and  other 
natural  waters,  a  litre  of  the  former  containing 
frnin  0'6  to  0*7  gram  of  the  clement.  As  chloride 
or  carbonate,  or  as  an  oreanio  salt,  it  occurs 
in  soils  and  Tegetable  and  animal  subetanoee. 
ThuH,  wiK.il  .i.shus  r^  nt  lin  much  pot  i'^r^iiini  oar- 
bonutti,  wiuch  hI-mj  lurrns  a  couaidetable  proper- 
tion  of  the  ash  of  marine  plants,  floch  as  lam*> 
vnriti  and  fuci.  P  tt  is;  ium  occurn  us  sylvine  or 
atjlviU  KCi,  and  a^j  aumdlite  KCl  MgCl,,<'dl,0, 
especially  in  the  beiLs  overlaying  the  great  salt 
deposits  of  Stassfurt.  As  niti  iti',  it  is  found 
as  an  ctHoresecnee  on  the  soil,  u.Muaiiy  together 
with  the  .sodium  salt,  in  Peru,  Chile,  ftc,  and  as 
an  important  constituent  of  many  mineral  waters, 
such  aa  those  of  Harrotrate  and  Vichy.  As 
the  douhle  Hulplnitt;  of  aluminium  arul  po- 
taHKium,  it  cxcnrs  in  oluutMonc  or  alunUt 
3Al^SO,Kj8(Ji,t)ll,(),  principally  in  trachyte 
and  other  roi  k.s  .subjcrtod  to  the*  action  of  f,ul- 
phurouH gabes.  It  in  found  as  hitHrtratc  in  winus, 
and  aa  sulphate,  carbonate,  and  chloride  in 
lM-itr'M(t  molaHsfti.  As  an  i.r'j;«tjic  "^alt  (.nudo- 
rate),  it  occurs  in  the  '  suint  '  of  sheep,  and  is 
separated  t!H  i:  f.n  fii  an  eartwnate  together  with 

wool  fat  (Ungbeck,  J.  »oo.  Chem.  Ind.  im  360). 
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POTASSIUM, 


The  nain  eource  of  potawliiin,  howerer,  is 

the  primitive  rockis,  in  \%hich  it  cirturs  as  orfho- 
cUue  (potash  felspar)  AljUs-KgO-titiiO. ;  muaco- 
vite  (potaah  mica)  KiO-3Al,Ot-48iOtp  kueUe 

4(CaO  2biO,  H,U)K.F, 

uuii  other  zeolite;?,  and  in  many  other  silicates. 

The  sources  from  which  potassium  salts  are 
obtained  ior  trechnical  puip<^  are— firstly,  the 
■ra-wiiter  ^  aeoondly,  the  miiicral  ctvA  of  the 
earth  ;  thirdly,  the  vegetable,  and  to  aome  ez> 
tent  the  animal,  kingdom. 

The  quantity  of  potasdnm  salts  contained 
in  Ha-VQU:r  m  \vi  vi-ry  large,  but  it  has  been 
found  ecunumicaily  possible  to  extract  it  there- 
from, wo  t^liall  see  in  the  case  of  potassium 
chloride.  Indirectly,  tlio  ixitn.-hium  Kalts  ob- 
tained in  the  wurluiig  up  of  kelp  are  dcnivod 
from  this  source. 

The  mintral  crml  of  the  earth  contains  about 
2  -4  p.c.  KgO  lu  Ike  stale  of  Hlicniet,  as  a  con- 
stituent of  several  of  the  most  important  minerals 
aa  felspar  and  mica ;  hence  itoth  older  and 
younger  rocks  (granite,  mica,  slate,  basalt,  &c.) 
aru  sources  of  potash.  By  the  decay  of  the 
ruoka  containing  these  minerals,  potassium  com* 
poniMia  have  boen  spread  all  over  the  earth  as 
Mit  oi  the  arable  soil ;  from  thU  ^oiirro  are 
aeii'V<ed,  not  only  the  potai>sium  compoundii  uoo- 
tolned  in  all  plaiita,  ont  probably  most  of  those 
contained  in  sea-watcr.  The  iinj)ortanee  of  this 
occurrence  of  potaiih  ia  enormous  for  the  exiiit- 
ence  of  all  organisms ;  but  it  has  not  been 
possible  so  far  to  extract  potasaiam  oomponnds 
tor  technical  purposes  from  the  natural  aiBeates 
or  the  arable  soil  m  an  economical  way. 

Several  other  salts  of  potassium  are,  hoW' 
ever,  more  adapted  for  this  purpose.  Poteasivm 
nitrate,  aa  found  in  the  (.rude  Btate,  especially  in 
India,  is  certainly  more  valuable  in  respect  of 
its  acid  than  of  its  alkaline  oonstitaent ;  but  the 
latter  i.s  also  very  important,  ns  is  best  proved  by 
the  large  quantity  of  potabHium  ciiiuiide  em- 
ployed for  the  manulaolaie  of  artifidal  aalt- 
petce. 

Pokunvm  ttdfluiU  ocenn  in  largo  quantl^ 

in  alum  rock,  and  in  seven  I  i  f  ti:-3  iiiiiierald 
found  together  with  oamallite  in  the  btassfurt  | 
depodta. 

Potassium  dilori'Ic  i.s  found  bctth  in  the  pure 
state,  as  sylvine,  and  in  much  larger  quantities  i 
a«  cartmUiU,  in  the  Staasfurt  deposita  and  some  I 
other  pieces.    This  is  at  present  the  most  im- 
portant oi  all  the  sources  from  which  puta^iuui 
salts  are  obtained  for  technical  purposea. 

In  the  vegetable  kintjdom  potaasium  is  uni- 
versally found,  principally  in  the  liquid  contents 
of  the  cells  ana  veawls,  chiefly  combined  with 
organic  acids.  On  burning  it  appears  in  the  ashes 
aa  carbonate,  together  with  more  or  less  sulphate, 
(thlod'lf,      tsptuiti'.  ;uid  ^ilii  If  is  unneces- 

sary to  say  tliiit  all  tUit*  (M)Lassium  is  derived  from 
the  soil  on  which  the  plants  grow ;  but  for  many 
r'  titmirs,  indeed,  apui  from  saltpetre  and  kelp, 
UL.iiiy  up  to  the  nnddle  of  thi»  century,  tvorxl 
a/ifw^  formed  practically  the  only  source  of  po- 
tai>.sium  compounds  employed  for  technical 
purpoeea.  Another  important  Ht>urce  of  potas- 
sium .«alts  is  the  a.shea  of  jiC(nnti!n.  eane<i  hip 
in  bcutlanti  and  vorec  in  14ormandy,  which 
from  times  immemorial  have  bent  obtained  by  ■ 


employing  the  seaweed  as  fuel;  since  J 811, 

when  iodine  was  dicovercd  in  these  ashes,  and 
a  special  industry  liad  been  founded  theroun, 
thoae  potassium  salts  have  also  been  utiliaad 
Somewnat  later  another  vegetable  source  was 
opened  out  for  potassium  compounds — vis. 
the  vin'is.sc — that  is,  the  reyidue  left  on  distilling 
fermented  beet>ioot  molasses.  Hence  the  ex* 
preaiion  *  vegeteUo  alkali,'  by  which  potadi  was 
distinguishea  from  so^la,  when  Duhamel,  in  173G, 
had  proved  the  separate  existence  of  those 
bodies,  was  altogether  appropriate  not  only  at 
this  time,  but  even  much  later,  until  the  Staaf- 
ftirt  discoveries  made  that  designation  altogether 
unsuitable. 

Even  the  animal  kinf^m  contributes  a 
certain  quantity  of  potassium  compounds,  in 
the  shape  of  the  carbonate  of  potaSh  ftom  the 
'  yolk  '  of  sheep's  tooof  {,suiiU), 

Interesting  communioatjona  on  the  history  of 
]>otas}i(  .s  are  made  by  E.  O,  vch  LippmaOB  in 
Cheiu.  Zcit.  1908,  977. 

Metallic  potassium.  The  compotmd  natare 
of  the  alkalis,  and  the  presence  in  them  of  oxy- 
gen, had  been  ttuapected  picviua»  to  JbUT  (v. 
Lavoisier,  Trait6  de  Chimic,  II.  194),  but  the 
isolation  of  potassium  was  not  effected  until  that 
year,  when  Davy  obtained  it  by  dectroly^is  of 
llie  fuM-d  hydroxide  (Phil.  Traua.  1808,  1  ;  1809, 
39;  and  1810,  16).  The  metal  was  soon  pre- 
pared  in  larger  quantity  by  Gay-Laesao  and 
Thenard  (Ann.  Chira.  Phys.'lsoy,  Gf),  326,  and 
IbUb,  ri6,  205)  bv  slowly  passing  the  hydroxide 
over  iron  filings  oeated  to  whiteness  in  a  goa- 
barrcl  protected  by  a  luting  of  clay,  their  process 
being  uioditied  by  iierzelius  (Gilbert\s  Aunultn, 
G,  (N.  F.)  198),  Mantell  (Annals  of  Philosophy, 
Thompson  and  PhiUips,  22,  232),  Cmelin 
(Hancib.  3,  5),  and  Tennant  (Annalen.  93,  291 ). 

An  important  improvement  was  next  intm- 
duccd  by  Curandau  (Ann.  Chim.  Phys.  1808,  tUi, 
97,  and  FhiL  Hag.  1810,  36,  283),  who  replaced 
the  iron  by  carbon  or  carbonacet)u.s  matter.  Thie. 
and  the  other  processes  in  use,  were  cJiamined  by 
Brunner  (Bibiiotheque  Universelle  de  OeodiVO 
1823,  22.  36,  and  Schweigger's  J.  fiir  ("hem.  und 
Phys.  35,  517),  who  also  iniprovttl  ui^in  the 
apparatus  employed  bv  Bucholz  (Ann.  Chim, 
Phya.  73.  78),  Trommsdorff  (Gilbert's  Annalen, 
30,  833),  Lampadius  (Schweigger's  J.  ffir  Chem. 
und  Phys.  34,  221).  and  .-thei;,. 

Bruuner's  process  as.  improved  by  Wohler 
(Pogg.  Ann.  1825,  4,  23,  and  474).  consisU  in 
curlKinising  potassium  bitartrate  in  a  covered 
vetkstl,  andncatingthe  rcisultant  mixture  of  carbon 
and  potassium  carl>onAtv  with  powdered  char^ 
coal  in  a  mercury  bottir,  at  the  temperature  <if 
a  powerful  wind  furnace.  KukJa  (Zcitsch.  fiir 
PhvR.  und  verwandtc  \Vi8.HenJ=chaftcn,  1837,  r«, 
40ti),  Werner  (.1.  pr.  Chem.  14,  267),  Schoedier 
(Annalen,  20,  2),  and  Gale  (Amer.  J.  Set.  IS. 
205.  and  -1.  ['ritjn  ^ed  VMiiou-  arrniigement.s 
and  lutes  for  protecting  the  retort  from  the 
fumaee,  the  two  first,  and  FleiacM  (Zeitach.  fiir 
PhyK.  tiiid  verwandte  WiKscnschiiften,  2,  307 
anri  343,  b,  326)  also  pcupu«iug  modificationa 
in  the  mi.xture  used. 

The  method  of  condensing  was  next  \m 
proved  •)y  Douny  and  Marcska  (Ann.  Cluia. 
Phys.  [liiJ  3r).  147.  r.  also  Mitsi  hi  i  lit  }i.  l.r-lu-b. 
der  Chem.  2,  10) ;  wliile  the  aUditiuivof  chalk  to 
the  mixture  was  found  tofacilHate  the  reduction 
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by  rendering  the  mass  pasty  instead  of  liquid  at  \      On  exposure  to  the  air,  it  rnpirlly  b 
tbe  redaction  tempesatare,  thus  preveotiiig  the 
Mparatfon  of  ^  oirbon  trom  tin  alltBU  (v. 
rt^viUe,  De  r Aluminium  (Parm»  1809),  ffSO;  and 
Kuhaemann,  .1.  1864,  180). 

Tor  the  propitatiott  of  potassium  in  a  state 
of  greater  purity,  Matthicfisen  (Chem.  See.  Trans. 
1865,  8,  27)  proposed  the  electrolysis  of  the 
easily  fusible  mixtiite  of  potaaaiiim  and  oaldum 
chlorides. 

The  uffe  of  sodium  instead  of  potussium  for 
the  manufacture  of  aluminium  was  introduced 
in  1854  by  DeviUe  (Ann.  Chim.  Ph^  1856,  40, 
415),  who  also  made  improTements  m  the  manu- 
facture of  the  metal.  Since  then,  so<lium  has 
•Imoet  entirely  replaced  potaasium  for  use  in 
the  arts.  The  inoonTenfenoe  and  waste  attend* 
ing  thf  manufacture  of  n  tisaium,  owing  to 


ecoires 


converted  into  the  hydroxide  and  fiaally  into  the 
carbonate.   Tt  decomposes  irater  trfth  snffieient 

enerey  to  ignite  the  liberated  hydrogen.  Ctirbfin 
dioxide  passed  over  heatcMl  *  potasaitun  is 
tedneed  to  carbon,  with  formation  of  potasdnm 
oxide. 

Potassium  unites  directly  with  the  halogens 
and  with  sulphur,  selenium,  tellurium,  and 
phosphoni3,  burning  brilliantly  when  heated 
with  them.  When  heated  in  carlnm  monoxide 
it  forms  a  black  ma^s  identical  with  t!it>  ex- 
plosive body  produced  in  the  manufacture  of 
potassium. 

Alloi/s.  Pot.'i.ssium  fornix  v:.  iiiost 
metals,  usually  by  being  heated  with  them.  The 
more  hnporCant  alloys  are  described  under  the 

various  metals.    W'i'h  ■'(■dinri,  potaesiura  foms 


the  production  of  e.Y|f)loiuve  compounds  with  i  alloys  of  low  melting-point,  n»  obferved  by  Dttvy, 
carbon  monoxide  {v.  Licbig,  Annalen,  II,  183.  Greville  WOliams  (Chem.  News.  3,  SI)  ontaJned 


ami  Brodie,  Chem.  Soe.  Trans.  12,  200),  accounted 
to  some  extent  fur  iU  former  high  price.  By 
Gkstner'9  electrolytic  process  potasaiiun  can  m 
produc^l  at  ii  price  not  great^  escoeeding 
that  of  sodium. 

.  The  various  processes  employed  in  the  pre* 
puation  of  potasnum  are  identloal  with  those 
used  in  sodram  maiiufaotiiFe,  and  are  dMonbed, 
t'  l^cther  with  ;i  list  of  patents  and  other  matter^ 
relating  equally  to  both  metals,  in  the  article 

SODIVII. 

PotaMioin  obtained  by  any  process  in  which 
carbon  monoxide  is  a  oonHtituent  of  the  evolved 


an  alloy  meltina  below  the  ordinarv  tempprnttiro 
and  containing  about  one  fourth  its  weight  of 
potasdom  by  heating  s  I  n  ni  with  potassium 
hydroxido  t-o  about  171°;  whilst  Wanklyn 
(Chom.  Kews.  3,  66)  has  obtained  a  similar  alloy 
by  heating  sodium  with  potassium  acetate. 

Potassium  combines  directly  with  mercMry, 
with  evolution  of  heat.  The  melting>pcvintci  of 
a  nuinbt  r  of  these  anmlpnms  have  been  def<'r- 
mined  by  Merz  and  Weith  (Ber.  14, 1445).  When 
eontauung  70-96  parts  of  menrary  to  I  part  of 
potassium,  the  anmlgam  is  crystalline.  With 
30  parts  of  mercury,  it  is  hard  and  brittle. 


gases,  always  contains  the  explosive  oomponnd  i  When  heated  to  440*,  they  all  leave  a  crystalline 

above  mentioned,  which  renders  it  liable  to  i  Bmnltiam  of  the  cnmpojriition  TrgK,.  ppontane- 
detonate  on  the  slightest  friction.    Fpr  this  i  ou.sly  inflammable  on  exposure  tci  air  (De  Souza, 


ceascHi,  it  must  be  redistflled,  once  or  twice, 
wiien  so  prepared. 

Propertifji. — Potassium,  when  freshly  cut, 
his  II  brilliant,  silvery  metallic  lustre.  It 
crystalliies  in  obtuse  octahedra,  showing  a 
Itfipenish>b1-De  tint  (Long,  Chem.  Soc.  Trans. 
I860,  I2n. 


Ber.  9*  1060),  but  all  the  mercury  is  evolved 
below  a  red  heat.  Kraut  and  Popp  (Annalen, 
150.  188)  hftvf*  prepared  a  crystalline  amalgam 
of  the  coinj   -  ii  n  Ti  H^-i^K.^- 

PotMSinm  oxide,  K,0.  is  made  by  the  Badische 
Anih'tt-nnd  Sodafabrik  (J>.  R.  P.  143216)  by  heat- 
ni'rato  with  metiillie  potissium. 


ing  potassiiiT! 

According  to  Baumhauer  (Ber.  6,  655),  its  '  air  being  excluded:  KNOg  + 5K  —  3K|0  +  N. 
sp.gr.  atlS'uO'STft.   At  0*,potBssinm  is  brittle,  ,  For  tJie  same  purpose  the  nitrite  KNOt  may 


iml  pns>e5>e'i  a  rrj-.^tnlline  fracture.  At  1.5"*,  it 
»u}uirc!s  a  waxy  consistency  and  a  few  degrees 
higher  becomes  pastv,  melting  at  62-5"  (Bnnsen, 
J.  16,  178)  and  boiling  at  7]9*-73r  according 
to  Camelley  and  Carleton  Williams  (Chem.  Soc. 
Trans,  1 879,  !iR5),  or  at  667"  according  to  Perman 
(Chem.  Soc.  Trans.  1889,  328).  The  vapour  has 
a  green  colour,  and  attacks  gla.<?8  and  porcelain. 
It-s  chararteristic  channelled  rihsorptirjn  spectrum 
has  been  examined  by  Bosooe  and  Schuster 
(Proe.  Roy.  Boo.  22.  MB). 

The  low*  rin<i  of  the  n"ir1(inc;-point  of  potas- 
sium by  the  presence  of  sodium,  gold,  and  thal- 
lium hft«  been  determined  by  Heyooek  and 
Nevill..  frhom.  Soc.  Trans.  1880,666). 

Vot-uisium  dissolves  in  liqnefled  anhydrous 


bo  employed,  and  in  the  same  manner  mixtures 
ol  K,0  and  NajO  may  be  obtained. 

Pmassinm  peroxide.  K,()„  i.s  indui-triallv 
prepared  by  Jaubert  (D.  R.  P.  189822)  by 
heating,  with  special  prerautions,  an  alloy  of 
potassium  with  lead,  tin,  or  eodiuni  at  a 
moderate  temperature  in  a  current  of  air. 
Potassiam  hydroxide  v.  infra. 

Potassium    chloride.    This    salt,    whirli  in 
oommeroe  is  generally  known  as  '  muriaU  of 
I  fMtesi^,*  was  formerly  obtained  as  a  by-product 

in  vanniH  ni.inufarf  ures.  su^  h  rb  the  working  up 
,  of  kdp  for  iotline,  from  the  spent  lye  of  soap- 
I  makers,  in  refining  native  saltpetre,  &c.  Th# 

qn;intifie9  thus  obtained  were  not  verv  Inree.  if 
comj)Tred  with  the  ]>r^sent  vtate.  and  tney  were 


ammonia  forming  a  deep-bhio  R^tltion,  from  '  princip.dly  u~ed  in  the  manufacture  of  alum 


which  the  metal  is  re-obtained  on  ovaporati»>n 
of  th  e  ammonia  (Secloy,  Chom.  News,  23.  109). 
It  is  the  most  electro-positive  element  known 
with  tlie  exoeptions  of  casium  and  rubidium, 
and  is  an  extremoly  powerful  reducing  atrent. 
Hen'  e  flie  u^e  of  pof ossiiunt  for  the  preparation 
of  Ic^  electro -positive  clpments,  sucli  as  Ixiron, 
lilfcoB.  magn€»dnm,  altimlninm,  ftc,  for  the 
re<luction  of 'gases  conttiinin;;  oxygen  out  of 
orzanio  and  other  compounds. 
Vol.  IV.—JP. 


and  of  potassium  ehlurnte.  Sctme  more  pota*;- 
sium  chloride  was  afterwards  obtainerl  in  l?nlar(i*« 
process  of  workinp-up  the  mother-liquors  from 
the  manufacture  of  sca-salt,  and  a  good  deal 
more  in  the  manufacture  of  potashes  from 
vinasnc  (<•/.  Potn.»*ivm  rnrhonnlf,  infra). 

But  ait  this  sinks  int^o  insignificance  l>cHide 
the  enormous  quantities  obtained  from  (hi* 
Sfft-^.tfurt  cnrn^lUt'',  and  we  shall  therefore  here 
describe  the  Stutisfurt  occurrence  of  potaKsiuro 
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Baits,  n;;  well  M  the  methods  of  nuunnlactore 

purHued  here.* 

Tht-  v^illage  of  Stassfurt  is  sitaated  oo  the 
river  Bodf,  not  far  from  Magdeburg,  in  Prussian 
Saxon}',  close  to  the  borders  of  the  small  princi- 
pality of  Anhalt.  In  ]Sr>0  Staasfurt  numbered 
20(X>'iiihabit»nt«;  in  1885,  owing  to  the  develop- 
nunt  of  the  earnallite  industry,  16,000,  and  the 
adjoining  newlv-formed  village  of  I^opoldsluill 
(in  Anhalt),  40U0  inhabitants.  The  Staasfurt 
brine-springs  are  nentioaed  as  far  back  ae  1227, 
and  in  the  laat  century  7,0(X)  tons  of  salt  per 
annum  were  made  there  in  30  salt-pans ;  but 
aboat  1816  the  production  of  salt  from  brine  was 
stored  theve^  having  oeased  to  be  remonecative 


in  the  face  of  competing  brine-springs.  In 
the  PruHsinn  iitiiiiug  ufFice  commenced  boring 
for  rock-salt,  and  in  1S43  the  salt  was  stmok  at 
a  depth  of  850  feet.  The  boring  was  continued 
for  another  1080  feet  wthout  getting  to  the 
bottom  of  the  stratum  of  salt  ;  but  the  brine 
pumped  up  was  eztcemely  impure,  containing, 
together  "with  sodinm  eMoride,  a  large  quantity 
of  magnesium  chloride,  potassium  cliloridc,  and 
magnesium  sulphate.  It  was,  however,  con- 
jectured at  onoe  tiiat  these  sUts  m^lit  be 
doixisited  in  separate  strata,  and  it  was  resolved 
t4>  sink  two  shafts.  These  were  commenced  in 
1852,  and  within  five  jears  they  had  reached  a 
thick  sfeKatnm  of  pare  rook'Ssitt  altar  having 
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}>enctratcd  a  number  of  strata  of  othor  salts,  of 
an  aggregate  ^oknees  of  630  feet,  whii^  were 

cailed  '  abraumsalzc,'  because  they  were  at  first 
considered  useless,  and  luul  to  Imj  taken  away 
before  getting  to  the  rook  salt. 

Liiter  on  it  wis  found  that  the  salt  deptXHjts 
occupy  an  ctinrinoiis  basin  jii  the  North  German 
Plain,  whi<  li  li  is  i  rt  ri  f^ucccssfully  tappctl  in 
several  other  places,  of  which  wo  mention  only 
Sperenberg,  near  Berlin,  whore  the  boring  was 
(imtiiuicd  throu'^h  thf  enormous  thickness  of 
3U40  feet  of  salt  without  sotting  to  the  bottom  ; 
also  at  S^bezK*  near  lAbeclc,  aod  in  other 
plsoes.    But  foiaa^um  salts  fat  grsat  quantity 

>  In  this  part  we  follow  to  a  meat  extent  the  detidkd 
deacrliitioo  oy  PfBiSer,  in  his  Handbuch  der  Kali- 
Industrie,  BraunMdnreig.  1887  (f/.al«o,  for  some  •letails. 
Hake.  J.  See.  Cham.  Ind.  1SS3.  146 ;  and  Borsche,  J. 
8oe.  diem.  Ind.  IMS,  206:  KuDier«chicy,  Die  Deutsche 
Katttadofitrie  (1906):  Kriwhe.  Die  Venrartimv  dM 
KaUt(lOOO) :  Ehrhardt,  die  KallindnHrte  (1907):  Pradit, 
die  norddeutficlie  Knliinda«ttrie  (1D07)}.  A  very  Im* 
portant  Aeries  of  re^oarche*  on  the  lormatioii  of  the 
Stsaafort  demisits  ba*  been  nade  by  van  *t  Hoff  and 
Us  eoadiotors,  Jn  1M7  sad  later  ou. 


until  quite  recently  had  been  found  onlv  in  one 
locality,  in  the  vicinity  of  Stassfurt,  wmm  tbe 

'  Abraumsalze '  occur  in  the  Upper  Now  Rt-d 
.Sandstone.  According  to  Chem.  Zeit.,  Aug.  22, 
191 1,  large  deposits  of  sylvine  have  been 
discovered  in  Upper  Alsace,  in  an  ar^n  of 
alx)Ut  200  square  kilos.,  near  Miilhau.^cn.  Two 
strata  have  been  found,  the  upj)er  one  3  feet 
thick,  the  lower  one  more  than  Iti  feet  thick 
ostimatcd  to  oontafn  some  1600  tons,  but  the 
horinps  will  have  to  be  deep,  say  ]<)00  id  2100 
feet,  which  entails  a  very  iiigh  temperature. 
This  field,  unlike  the  North  Geman  deposits, 
seems  to  be  contin\ious,  without  faults.  Goo- 
loL'ically  it  is  much  more  recent  than  the  Stass- 
furt btxl.s.  But  the  recovery  of  potassium  salts 
from  the  Alsatian  field  has  not  yet  become  a 
commercial  fact,  and  wo  therefore  confine  our 
description  to  the  Stassfurt  deposit 

In  1856  and  1857,  the  two  Pruss-'-in  shafts  at 
Stassfurt ;  in  1801.  the  Anhalt  shaft  at  Ix-opolds- 
hall ;  in  187(5,  two  shnfts  at  Doutrloshall,  near 
Westorc^ln ;  in  1870,  a  shaft  at  Nou-Stassfurt : 
in  1878-1883,  another  two  shafts  at  Stsssfoit: 
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in  1883.  a  shaft  at  Aschcrslcbcn,  sank  l>y  the 
CoDtia«kt*l  Diamond  Kock-fiorinp  Company  ; 
■one  moie  ihafli*  *t  Solvay's  mines,  near  wm- 
burg,  at  SchSnebedi,  fto. ;  t]ieHcfC!7iiiftdh»f(at 
Vienenburg. 

The  profiles  (Figa.  1  and  2)  give  an  idea  of  the 
strata  pierced  in  the  two  oldest  and  most  impor- 
tant shafts  at  Stassfart  and  Leo|K»lUaball. 

At  Stassfnrt  itself  the  total  thickness  of  the 
aalt  strata  is  estimat«<I  at  about  2500  feet,  and 
the  time  necessary  for  their  formation  at  About 
8000  years.  F.  Biacliof,  ~ 


them  most  thoroughly,  divides  them  into  the 
four  following  *  reigioDs,'  of  whioh  only  tbe  &«t 
and  the  laec  IwTe  beoome  of  teomiiml  im- 
portance. 

1.  Avhffrfrite  or  rock-talt  r^ffion,  so  called 
from  th(  t  t  ings  of  anhydrous  cukium  sulpliate 
which  divide  tho  rock-salt  into  bands  of  an  aver- 
age  thicknc^  of  iicMrly  4  inches,  each  of  which 
is  supposed  to  be  a  year's  growth.  The  layers 
of  calcium  sulphate  are  only  ^  inch  thick,  and 
•moant  ooiy  to  4  p.o.  by  weight  of  tho  rock-salt 
itt  the  upper  atratai  or  9  pwe.  m  the  lower  strata. 


(tCTRBl 

Ot- 


50  - 


too-  - 


ISO-  - 


200-  - 


aso  - 


30«-  - 


Fta.  2. 


By  mechiiiuuilly  bi  pnrating  the  anhydrite,  rock- 
salt  of  90  p.c.  NaCl  can  bo  obtained  on  »  large 
eoftle.    Small  quantities  of  hydrobonciU 

(CaMgB,0„.(>H,0) 
Mid  of  a  gtxontimii  sulphate  are  fbnnd  here  aa 
well.    The  thickness  of  this  stratiim  vnrips  a 
gi«at  deal ;  in  tho  centre  of  the  basui  it  may  Lo 
Cfltimated  at  abont  2000  feet. 

2.  Polyfialiie  region.  Hero  the  rock*salt  ia 
already  mixed  with  mot her'liqoor salts,  of  whkdi 
the  dominant  one  is  poli/halite 

2CaS04,MgS04.K,SO„2Ui(). 
Magnesium  chloride  accompanit:?  ihc  ruck-italt, 
lundamall  qoaotities  of  sulphur  and  of  bitu- 
ininous  ?ii*>stnneca  arc  found  here.  The  average 
oompooituHi  of  this  stratum  is :  01  rook-salt, 
61  polvhalite.  j  anhydrite,  1^  magnoBium  chlor- 
ide;  its  tbioknesB  is*207  feet.  i 

3.  Kkmite  rtgion,  to  called  fcon  the  oaeiir>  | 


rence  of  white  batulH  uf  kie«»oritu  MgS04,U}0. 
The  average  miztore  is ; 

65  p.c.  rock-salt 

17  M  kie^erito 

18  „  eamallito 

3       hibchoBte,  Mgat,0B»O 
2   „  anhydrite. 

This  stmtnm  has  a  thiokness  of  187  feet. 

4.  CamaUitc  region.  This  contnina  55  p.n. 
olcantaUik  KCI.MgCl^.eH.O,  thcmost  valual>le 
of  the  Stassfort  salt^.  together  with  25  p.c.  rook* 
salt,  16  p.c.  kicscrite,  the  remaining  4  p.e. 
consisting  of  mugne^iinm  chloride  ihiMhoft€\ 
MgCI,,6H.O,  magnesium  bromide  MgBrj.OH^O, 
tocAWrae' (OiClj.2Mg(:i„12U.O),  boruciU  or 
utastfurtOe  (2MgjB„0,,),  anhydrite  CaSO,.  rekh- 
hardliO'  (M-j;.^!  )«.7H;0).  >  ].\\  .  ujic  i.  nnis 

oxide  of  iron,&c.  The  tbtclvnesji  of  tlus  stratum 
is  140  feet. 
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In  some  places  the  action  of  water  has  pro- 
duced important  changes  in  this  region  which 
have  replaoed  the  kmerito  mdl  vut  of  th» 
camnllite  by  katnite  K,SO,.MirSOj.Mg(l,.fiHjO ; 
or  KCI.MgSO^.SHjO,  ntconliiig  to  another  way 
of  gi'oupint'  the  conRtituents  (about  6.5  p.o.  of 
the  whole),  part  of  which  hns  pn'^^td  over  into 
tehoenitf.  {picromcrile)  K,.S04,Mg80.,Gll20.  In 
other  places  the  magncaium  cmoride  has  been 
washea  out  entirely,  and  the  mixture  contains 
20  p.0.  of  pure  potanimn  chloride,  trtlrine,  with 
30  to  40  p.p.  of  rock-salt,  uixl  an  equal  quantity 
of  kioseritc  and  other  impuritie^t.  Onlv  ex- 
ceptionally MirafafiAe  NasS04.Mg804,4rt,0  \» 
foun'l. 

Other  Staasfurt  mincraU  of  minor  imixjrtance 
ue:  lMMMteK«llg(80«),.4H,0: 

liiwiiu  K8Mg<S04)„2JH,Oj 

langbpinite  K,Me  (SO,),  ;  ght»iriU  K,Na(80«),  ; 
vanUioffite  Na,Mg(S0«)4 ; 

krugiU  K,MgCa«(SO,),,2HaO ; 

kaliborite  Ot  MnzUe  KMp-.B„0,,.OH,0  ;  matj. 
n'i/num  stdfikAorite  3MgS04,2AIg,B404,12H.O. 

The  salts  are  covered  by  from  20  to  33  teet 
of  mlt  cluy,  over  this  from  133  to  'tOO  feet  of 
anhydrite,  and  this  agiiin  hy  80  to  100  feet  of 
very  pure,  transparent  Toet-mM^  free  from 
calcium  sulphate,  evidently  a  aeoonduy  for- 
mation. 

Formation  of  the  Sta^ffurl  ilepositn.  There 
can  be  no  doubt  that  the  formation  of  the  salt 
deposits  of  the  North  German  Pbin  has  bnen 

caused  by  th<!  evaporation  of  sea-water.  But 
there  inu.-^t  have  been  s})eciHl  eauso^i  why,  in  a 
comparatively  nmall  part  of  that  large  area — 
viz.  in  the  vicinity  of  Sta'^sfurt — jxit-aisium 
and  magnesium  salts  have  Ijeen  separatod  in 
large  quantities,  whilst  on  the  cn-atest  part 
of  the  ground  only  rock-salt  and  anhydrite  are 
found. 

According  to  Roanaiilt,  the  avenge  com* 
position  of  sea-water  is : 

Total  peroeotage  of  solids  3*53 
comisfeiiig  of : 

Sinliuih  I  hlurido  ,  ,  70*40 

Potassium  chloride  .  .  1<9S 

Hagneshim  ohioride  I0'20 

Magnesium  bromide  .  .  0*06 

Magnesium  sulphate  .  .  0*51 

Ciilcium  sulphate  .  .  .  3<97 

Gakium  bicarbonate  OK^R 

We  find  here  all  the  materials  for  the  forma* 

tion  of  thi>  Stn-;sfiirt  f!rposit.-i,  the  aM'rai^e  com- 
iX)sitton  of  which  has  U'cn  stated  l>y  Bischof.  as 
follows : 


Sodium  chloride 
Potassium  chloride  . 
Botaesinm  sulphate  . 

Magncsiiiin  cliloridc  . 
Magnctiuiiii  sulphate  .  . 
Calcium  suljjhate 
CSiemioally -combined  water 


Pferoentage 
expreued  in  salts 

.  851 

.  1-7 

.  0-2 

.  2B 

.  31 

.  4*0 

.  3*3 


Buck  s.'ilt  . 
\nhvtlrite 
I'.'lvhnlite 
Kn  -iorite 
Carnallite 

Mngneaium  chloride 


I'erceDtsoB 

ex|irc!i<>ed  in 
ininoraU 
.  851 
.  .v7 
.  0-8 
.  3-3 
.  0-2 
.  0*9 


Since  Bisohof*8  time  the  bottom  of  the  de- 
po.«it  has  Ix'cn  n^ached.  and  it  can  now  lie  saitl 
that  the  percentage  of  sodium  chloride  and 
of  calcium  salphate  is  mueh  h^her  than  he 
assumed. 

If  we  compare  the  oomposition  of  the  Stass- 

furt  deposits  with  the  result*  of  the  ariiiiiial 
evaporation  of  sea- water  as  carried  out  in  1849 
by  Usiglio(Aim.  Chim.  Phys.  [ut.]  27, 92),  we  find 
that  there  are  some  dififerences,  partly  caused  by 
the  long  duration  of  the  natural  process  and  iti 
Yearly  interruption,  partly  \j  theloas  of  mother* 
uquor  {v.  infra).  The  various  salts  were  trans, 
formed  into  the  minerals  now  present  by  a  subae- 
qucnt  loss  of  \rater  and  by  their  mutual  inter- 
action* and  a  regitlar  sucoenion  of  those  minerals 
was  formed  through  long  psriods,  eaused  by  the 
autumnal  influx  of  fresh  sea-water.  One  re- 
markable dificrence  also  is  this  :  whilst  in  arti- 
ficial evaporation  the  oiJfliam  sulphate  is  entirely 
precipitated  at  an  early  statje.  it  is  formed  at 
Staa8furt  even  in  the  strata  consisting  of  mother- 
liquor  salts.  Why  the  calcium  sulphate  at  Stasa- 
furt  is  in  the  form  of  anhydrite,  not  in  that  of 
gypsum  (CaS0|,2H,0),  as  in  the  artificial  eva- 
piji  iliou  of  sea-water,  we  understand  now 
from  the  observations  of  Hoppo-Seyler  (Cbem. 
Zentr.  1996.  217)  and  Rose  (ibid,  1871.  013). 
according  to  which  the  hydration  water  of 
gypsum  is  abstracted  from  it  bv  contact  with  a 
nearly  natural' d  solotioa  of  aooium  chloride,  a 
condition  which  we  most aasiime to ha?e ezMed 

at  Stjussfurt. 

It  is  quite  evident  that  the  Stassfurt  deposit* 
have  not  been  formed  by  the  simple  evaporatkm 
of  a  basiQ  of  normal  eea-water,  which  woold 

have  been  required  to  possess  a  <lcpth  of  alx>ut 
30  miles,  and  which  would  have  produced  a 
▼ery  different  arraagement  of  salts.  There 
must  hrwe  been  eonditions  similar  to  those  evrn 
now  found  present  in  some  of  the  Sarniatiau 
lakes.  Thus  Gdbel  found  at  the  bottom  of  X^ke 
Elton  a  salt  deposit  of  a  thickness  of  12  feet, 
consisting  of  100  annual  layers,  which  increased 
in  stnnu'th  and  hardnes.H  from  the  top  downward?, 
and  at  the  bottom  were  as  hard  as  stone.  This 
lake  is  filled  with  a  saturated  brine;  by  the 
SUrCaoe^vaporation  in  i--ummer,  cru^t^  of  com- 
mon salt  are  forme<l.  which  sink  to  the  lx>ttoni. 
Later  on.  the  common  salt  gets  mixtHi  with 
Kpsom  salt  and  other  mother-liquor  sail which 
form  a  |«>rjtus.  bitter.  at\d  tieliquesct  nt  layer. 
The  autumtial  rains  and  flooils  jjartly  dissolve 
and  partly  densify  this  top  layer,  and  at  the 
9nme  time  oorer  ft  with  hhtcV  mud.  thun  formini; 
a  di-<tinot  lM)undary  line  upon  uhich  the  next 
year's  cruets  are  formed  again.  In  spring  the 
water  of  that  lake  contains  lb*6  p.c.  sodium 
chloridi-  and  10-5  n.c.  of  magnesium  ehlnride  :  in 
autumn  it  holds  but  a  small  quantity  of  liquor 
<x>ntainng  only  4  p.0.  NaGI,  with  20  p.C. 
Mga^ 
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Hm  nearMit  AmnoAch  to  the  Stassfurt  oondi- 
tkms  ia  found  in  the  Adji  Darja  Bay,  in  the  east 

of  tlir  Pfispian  S»  a,  a  bay  of  a  mi  jwrficial,  area  of 
2U0U  or  3000  Hea  miles,  and  almost  entirely 
sepamted  from  the  Oaaptan  by  a  hm.  There  is, 
however,  a  smnll  channel  throiiph  which  the 
water,  abstiacted  by  the  intense  evaporatiuji 
within  the  hmy,  h  repknuhed  from  the  Gaspian. 
This  canscH  a  continuous  se]>aration  of  salt, 
which  in  estimated  by  Schlcidt  n  nt  about  400,000 
tons  {K  T  diem,  and  the  formation  of  a  mother- 
Uqnor,  part  oi  which  6ad«  ita  way  hack  into  the 
Oufiian.  Wbera  the  depth  of  the  bay  is  greater, 
the  concentrated  liquor  sink.s  to  the  bottom, 
causing  a  state  of  Rumaturation  at  this  place  and 
the  deposition  of  mother-Uquor  salts.  Without 
thi"?,  prtirtically  all  the  mother-liquor  would 
flow  Ijtick  over  the  bar,  and  no  mother-liquor 
■•Ita  would  be  formed  ;  and  this  seems  to  have 
been  the  condition  of  most  of  the  i-ock-salt,  form- 
ing basins  of  former  geological  periods.  In  the 
case  of  the  Stassfurt  salts  we  must  undoubtedly 
Msume  an  inUrmiUcnt  influx  of  water,  and  also 
»  nnmber  of  geological  eleratlona  and  depres- 
sions of  level  in  oruer  to  account  for  the  .succes- 
sion of  the  variouj^  litrata.  We  may,  with  very 
great  |>robability,  assume  the  foUowing  play  of 
causes:  the  StasHfurf  ba.-iin  a  ralley.  in- 
closed by  two  longitudinal  folds  of  the  earth's 
crust,  communicatmg  at  one  end  with  the  ocean 
by  a  shallow  bar,  over  iriiich,  in  autumn,  the 
galc8  and  high  tides  earned  lar^'e  quantities  of 
sea  water:  not  siifTioient.  liowever,  to  rt;place 
the  water  lost  by  evaporation.  For  a  long  period 
only  gypeam  was  deposited  here;  afterwards 
common  salt  wn-  f.  rnied  an  well,  wliieh  con- 
verted the  gypiuni  nito  anhydritf,  but  wlucb  lor 
a  long  time  was  re-dissolved  every  autumn  by 
the  dilution  of  the  lifjiior.  eauMd  by  rain  and 
floods.  Thua  the  thick  crust  of  eypsum  and 
anhydrite  was  formed  which  lines  the  bottom  of 
the  basin.  Later  on,  the  liqnor  became  more 
and  more  ctmoentrated  •  the  orusfa  erf  oommon 
salt  now  became  permanent,  and  the  \early 
deposits  increased  in  thickness.  The  sursatura- 
tion  of  the  liquor  at  the  bottom  oansed  the 
tranpformatinn  of  the  common  salt  into  rock 
aalt  (as  fir^it  uroved  by  Mohr).  Just  as  we  observe 
it  now  in  the  '  salt  gardens '  on  the  Mediter- 
ranean, the  last  portions  of  the  summer  salt 
contained  a  little  gypsum,  but  the  greatest 
quantity  of  jrypsuni  was  pr(  eipituteu  when 
the  strong  brine  oame  into  ooutaob  with  fresh 
•ea*water  Dcealdng  over  the  bar,  thus  formmg 
a  (listinet  lino  of  separatir n  i  uinst  the  next 
year  i*  depoHit«  in  the  shaiw  of  the  'anhydrite 
atrines.*  Since  there  was  less  and  less  room  in 
the  nasin  for  fresh  sea-Wftt<»r.  thnsc  slrin-s 
deoreatieii  ui  thickness  during  this  pi-riod.  which 
must  have  lasted  several  thousands  of  years, 
during  the  later  part  of  which  the  yearly  deposits 
had  an  average  thickness  of  3^  inches.  Owinp 
to  further  eoncfiit  rat  ion  of  the  liquor  the  cruMtK 
of  salt  in  the  later  part  of  summer  weix>  more 
and  more  mixed  with  Epsom  salt,  which  ap]K.>ars 
also  with  the  evp^llIn  preeij)itat( d  soon  after 
bv  the  influx  of  fn  »h  se-a- water,  in  this  period, 
which  must  have  lasted  500  or  600  vears. 
pc^Ufhalitf,  K  SO,.MuSOt,2CaS04.2H,0,"  was 
formed  in  the  ffjluwing  way  :  some  carnal- 
lite,  KCl.MgCl,,6n,0,  formed  in  summer,  was 
at  that  period  alnwys  decomposed  in  autnnm  by 


fresh  Bea>water,  and  the  potasaiom  chloride  thus 
set  free  and  coming  into  oontaet  with  the 

deposited  ICpsoin  .nalt  was  converted  into  potas- 
sium sulphate,  which  met  v^tth  enough  mag- 
nesinm  and  oaloivm  sulphates  to  form  polyhalite. 
Kxccptionnlly,  indord,  camnllite  is  uetnjilly 
found  in  that  region.  During  the  next  penod 
of  500  3wafs,  with  increasing  concentration, 
wme  camallite  was  regularly  formed,  but  the 
orincipal  deposit  at  that  time  consisted  of 
kxestntf  MgSOijU.O.  It  has  been  proved  by 
Preoht  (Ber.  14,  2131)  that  from  a  concentrated 
solution  of  magnesiitm  diloride,  such  as  mnat 
have  filled  the  basin  at  that  ]><  riod,  the  mag- 
nesium sulphate  is  separated  by  evaporation, 
not  in  the  state  of  Epsom  salts  (MgSO«,THtOK 
t)ut  in  that  of  kieserite.  This  compound 
beuig  insoluble,  as  well  as  the  anh^'drit«,  the 
formation  of  polyhalite  waa  not  any  mora 
possible. 

During  the  fourth  and  last  period  of  500 
years,  m  hen  tliere  was  less  room  for  the  influx  of 
I  fresh  sea-uater,  the  formation  of  earmHUU  got 
I  the  upper  hand.   Pfeiffer  has  proTcd  that  wat 
.salt,  and  even  hydrated  magnesium  chloride,  can 
I  be  made  to  crystallise  by  spontaneous  evapura- 
I  tion  at  the  temperature-  of  hot  summer  days  in 
'  our  present  climate.    The  formation  of  oarnallitc 
I  uiubt  have  been  still  abundant,  and  a  deep  layer 
I  of  mother  liquor,  in  which  magnesium  ctdoride 
prevailed,  mnst  have  been  standing  over  the 
potash-bearinj/   strata    when    new  geological 
Cliaimes  caused  th(^  eruj^tion  of  a  mighty  mass 
I  of  clayey  mud,  charged  with  organic  substances, 
I  «Ueh  sank  to  the  around,  forming  a  layer  of 
salt  clay,  2R  feet  tliick,  which  protected  the 
uiuierlyiug  strata  against  a  subsequent  solution 
of  the  salts  previously  deposited,  v\  en  after  the 
mother-liquor  liad  run  off.    The  lots  of  that 
liquor  accounts  fcr  the  difference  between  tlie 
average  composition  of  the  Stassfurt  deposits 
and  that  of  the  sea-water  (oomp.  above). 
Wherever  raoh  accidental  proteetion  was  not 
afforded,    the    surface-water   must    have  re- 
dissolved  the  upper  strata,  which  accounts  for 
the  general  afaMDoe  of  mother-liqnor  salts  in 
other  localities. 

Apart  from  Stassfurt,  the  following  occur- 
rences of  potasaiom  aaha  require  mentton* 
ing  :— 

In  1806  at  Kolusz,  in  Eastern  Galicia,  potas- 
sium salts  were  found  in  large  quantities, 
principally  consisting  of  sylvine  and  Itainite, 
and  a  Iargt>  manufiaotnring  industry  waa  com- 
mcnced.  But  the  quality  of  the  salt  proved 
inferior  to  the  tir»t  samples,  and  in  1875 
the  worln  were  discontinued,  for  varioua 
reasons,  aa  faaing  unable  to  oompete  with  Btaas- 
furt. 

Small  quantities  of  pota^ium  salts,  always 
of  poor  quality,  have  l)eon  found  in  the 
Punjab,  in  Persia,  and  in  Colorado.  None  of 
the^e  deposits  givea  abj  promiae  of  induatrial 

appiicAtion. 

The  Toek-9dt  in  the  mines  round  Stasafurt 

is  not  now  obtained  from  the  lower  strata,  where 
'  thu  aduaxture  of  anhydrite  brines  it  do\\'n  to 
!  05  p.c.  but  from  the  upper  (aecondary)  strata  at 
I  Nou-StnF?fnrt.  where  it  eome''  up  to  99  p.c.  of 
I  real  sodjuui  ehlortrlc.  There  is  also  a  large 
quantity  of  pan  ;di  made  in  the  neighbouring 
]  Schdnobeok  salt  wurka. 
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'Hm  Kwngp  oompooitiori  of  arndt  camaUHe 

Per  cent. 

Potassium  chloride  .  .  15*7 
Sodium  chloride  .  .  .  21*5 
]Vlagne<(iuiii  chloridtt  (with  a  little 

bromide)  ....  21*3 
CMoinm  chloride  ...  0*3 
Mafrnesiuin  sulphatv  .  .  13*0 
Inaoluble  (anhydrite,  clay,  &c.)  2*0 
Wftter  26*2 

Small  quiititities  U  rubidium  (O'tK>i-0-003 
molecule.^),  c-;osjutii  and  ammonianiy  and  of 
bcDmioe  (0'005-0*01  moL)  an  tlwmyB  pteeent  in 

It  is  sold  on  a  basis  of  Ifi  p.c.  potassium 
chloride ;  salta  mth  loss  than  12  p.c.  potassium 
chloride  an  hardly  ever  worieed. 

Crude  kmntU  generaUy  oontaiiu ; 


Botaaaium  rolohftte 

Magnesiutn  sulphate 
Maoueaium  chloride 
8o£aiB  ohloride  . 
Oypaum  and  clay  . 
Water  . 


Jpsr  MQt. 
U-O 
15-6 
130 
31-0 
1-5 
140 


Kainiic  is  not  very  much  worked  now. 

Bartmlz  is  a  mixture  of  about  20  p.c.  sylvuic, 
26  p.c.  kirsorite,  ami  Tio  p.c.  nicksalt. 

SylvinUe.  ia  the  name  i^iven  to  crude  kainite 
or  ukitsalz*  If  th<>  p  recntage  of  potasuum 
exceeds  H  p.c.  K;0. 

Crude  eyivim  (not  to  bo  confounded  with 
eylvinite)  is  a  raw  material  of  great  importance, 
ponsistinfT  of  varying  quantities  of  sylvino  and 
ruck-iialt ;  the  percentage  of  KCl  varica  from 
25  to  GO,  sometimei!  even  80  or  90  p.o. 

Crvdt  ktuerile  ia  very  impure,  much  more 
00  than  the  residual  product  obtained  in  the 
manuf  ii  tare  fif  putan^^ium  chloride.  8tjll,abtnit 
12,000  tons  per  annum  are  uaed. 

Boradte,  with  08  or  68  p.0.  otyatalliaed 
boca«to  aoid,  la  obtaiiwd  as  » t^-produot. 

At  first  the  importaaoe  of  the  strata  found 
underlying  the  rock-salt  at  Btossfurt  was  not 
recognised,  and  it  is  principally  due  to  the  un- 
tiring cxi  rtioiis  of  Or.  A.  Fraiick  since  1860  that 
this  waa  ullim  it<  ly  douc.  iu  1501  ho  erected  a 
small  factorv',  ami  was  immediately  followed  by 
Measrs.  Votat^i;  4p  Qraaeberg,  and  aoon  alter  by 
IfeaerB.  LHder  Townaend.  The  last 
tionetl  factory — called  the  •  Kn;;lbh  fa^itory  ' — 
wliich  wa.H  d<^Migned  on  the  principle  of  Intro* 
ducing  as  much  mechanieal  laboor  m  pi>>utiblein 
lieu  of  manual  labour,  was  very  important  lot  llie 
later  development  of  that  industry.  In  liJ<>4 
there  worealreatly  18,  in  1872,  33  dillerent  potash 
workaat  Sfcassfurt,  in  1887  the  number  was  :>,">. 

The  raw  material  for  the  manufacture  is  tiie 
>  rinle  ciriiiillitv  a>  sii[)plied  by  the  mines  in 
tolerably  uniform  quality  ;  ita  average  composi- 
tion ha«  been  staled  abovei.  The  principle  of 
working  it  up  are  n<  follows  :  cariiallitc, 
KCl,MgCl,,6H,0,  is  unstiible  in  the  presence 
<^f  water  ;  it  \n  discomposed  into  a  magma  ol  veiT 
finely  oryatalliaed  potaanom  oUorida  and  a  lolii' 


tion  of  magnesium  chloride,  retaining  but  little 
Kl'i  u,t  a  low  temperature.  On  heating,  Ihi:  solu- 
tion diaaolves  much  more  KCl,  and  on  cooling 
the  latter  salt  ia  separated  in  much  larger  oryatala 
so  long  as  the  proportum  of  MgCl^  does  not 
exceed  three  tim  ^  ^hat  of  KCl.  \\  hen  tJ;  lT  ]n<>. 
portion  has  been  reached  the  hquor  on  further 
(K>ncentratlon  jrielda  a  crop  of  camallite,  which 
at  a  low  temperature  is  very  little  .soluble  in  the 
remaining  suiutiua  oi  maguo&ium  chloride.  Of 
the  foreign  salts  present  in  crude  camallite,  rock> 
s«dt  Ih  much  le>.s  sc>luble  in  hot  MgClj  solution 
than  K(J1,  and  thus  rcmaius  behind  tu  a  great 
extent ;  kiescrite,  which  is  insoluble  as  such 
but  turns  into  soluble  £piom  aalta  on  heating 
with  pure  water,  is  prevented  from  ao  doing  by  t  be 
presence  of  magnesium  chloride.  The  remain- 
ing substances  are  not  of  much  ccmse^ucncei 
aome  of  them  an  quite  inaohible. 

Practically  it  has  been  found  useful  t5**wat. 
the  ground  raw  material,  not  with  water,  but 
with  waste  liquor  from  n  previous  opcratii'H  in 
stich  quantity  that  it  Butlirc.s  for  disi^olnng  the 
caruallite  prustut.  at  a  boiliug  heat ;  the  solution 
is  separated  from  the  residue  (the  washings 
being  utilised  for  a  fnah  aolution)  and  ia  atlowod 
to  oool  down,  when  H  depodta  abovt  iO  p.e.  of 
the  potassium  chb>rid»' ;  the  mt>ther-Iiqu< >r.  on 
further  evaporation  and  cooling,  yields  the  whoic 
of  the  nmaining  KCl  aa  a  wop  of  ramallite 
which  is  decitmposcd  by  water  as  aboTe.  The 
products  are  purihed  in  the  manner  dei^'ribed 
below. 

The  fir.'*t  oprrntion,  di^'iolvinq  the  crude  car- 
nallite,  is  the  moat  important  of  all  for  the 
success  of  the  manufacture.  The  result  ili tiers 
very  much  aooording  to  the  q^oality  of  the  crudo 
camallite,  aooording  to  ita  state  of  dBviakni, 
according  wheth-T  j)uro  water  or  liquors  obtained 
in  other  stages  of  the  manufacture  arc  employed, 
and  also  according  to  the  duration  of  the  opera- 
tion. It  is,  in  principle,  preferable  to  effect  the 
solution  of  carnallit«  a.<«  quickly  as  po4<sible 
in  order  to  dissolve  less  of  the  other  salts.  The 
qtiickest  openitiDii  is  uuduubtedly  that  prarti=ed 
at  the  '  Euglii*k  "  factory— crushing  tliu  crude 
camallite  into  powder,  and  dissolving  it  in  a 
close  veeael  at  several  atmoroheres  preason 
with  mechanical  agitation.  But  this  proeeaa 
causes  (no  min  li  r<»ck->^al!  and  even  kieserite  to 
be  duisolved  at  the  same  time,  and  it  alBO  causes 
the  formation  of  very  mnoh  mad  •  hence  moat 
nmnufacturers  work  at  the  ordinary  atmo.=?pheric 
pressure,  or  very  little  above  it,  without  mc- 
chnnical  agitatioQ,  and  employ  eoaiaeiy-cmahed 
camallite. 

Fig.  3  shows  one  of  the  usual  descriptions  of 
dissolvor.  The  true  bottom  g  is  slant  ing.  t  lie  fal»e 
bottom  e  is  horizontal.  'J'he  latter  is  perforated 
by  a  large  number  of  holes  |-inch  wide;  in  the 
(  ( litre  flu  re  is  a  doublc-hingcil  trau-dnor  h.  al-;o 
peifuriittxl.  i'he  two  halves  of  this  door  are  bUs- 
pended  from  the  hinged  arm  a ;  they  are  closed 
when  a  is  in  the  niniL'lit  posi'' n.  ii  which  it  is 
kept  by  the  vertical  rod  h.  \\  hen  tiie  liquor  lus 
been  run  off  through  c,  the  man-hole  /  is  opened 
and  the  rod  h  is  knocked  away,  which  causes  the 
arm  n  to  tum  over,  and  the  two  halves  of  h  full 
down.  The  residue  \,<  lu  u  easily  washed  down 
from  e,  and  cleared  out  through  /  by  a  strongjet 
of  water  pnaRed  all  over  e  by  means  ol  a  hoee.  The 
steam-pipo    with,  two  rows  of  holes,  is  canisd 
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round  the  control  (>p<<!ning  of  The  oonical 
'<hap«  of  the  bottom  hati  (ho  two-fold  ad  vantage 
thftt  the  liquor  ran  l>c  run  of!  coniplutely  und 
that  the  residtio  can  be  got  out  very  quickly. 

Formerly  the  dLi^olvers  wero  made  of  wrought 
iron,  but  since  it  has  been  recognl.<M!d  that  cast- 
iron  resists  much  better  the  chemical  action  of 


Via.  3. 


the  salts,  it  has  become  usual  to  employ  cast- 
iron  cylindorM,  with  a  conical  bottom,  provided 
with  »  sieve,  below  which  the  steam  is  intro- 
duced, the  head  of  the  8tcam-pi{>e  being  closed 
by  a  bulb  with  many  perforations. 

Where  it  is  considered  desirable  to  dissolve 
under  a  slight  pressure,  the  top  of  the  diss^Jvcr 
is  covered  in,  tlio  man-hole  being  closed  during 
the  work,  or  obus  a  tufio  reaches  down  from  the 
oover  into  the  liquid,  nearly  to  the  fnlso  bottom, 
in  order  to  introduce  the  salt,  and  to  produce 
some  degree  of  steam  pressure  in  the  apparatus. 
The  waate  steam  can  Ik:  eiuployetl  for  heating 
up  the  dissolving-liquor  in  another  pan.  Such 
vessels,  of  a  capacity  of  about  350  cubic  feet, 
admit  of  working  up  /K)  tons  of  salt  and  more  in 
24  hours. 

The  liquor  employed  for  dissolving  (called 
'  Ldsolauge  ')  is  a  mixture  of  various  liquors 
resulting  in  the  manuf;ieturc,  especially  the 
washings  of  the  iir^t  residue,  and  those  of  the 
potassium  chloride,  as  well  as  various  mother- 
liqiiurs,  altogether  of  a  sp.gr.  1  •2CA  U)  I  -279  ; 
through  being  he^itcd  up  by  waste  steam,  the 
liquor  comes  down  to  1  ■257,  and  is  used  in  this 
state.  This  liquor  is  run  into  the  dissolver  until 
this  is  hxdf  full  ;  steam  is  injected  until  the  liquor 
18  brought  to  bfiil,  and  only  then  the  crude 
camaliite  is  intro<lucod.  For  each  KK)  cubic 
feet  of  tank  room,  from  30  to  30,  or  at  most 
42  cwt.  of  carnallitc  con  In;  charged.  The  solu- 
tion is  first  brought  to  sp.gr.  1-313  to  1-337 
(measured  hot  and  in  the  muddy  Htat<->),  but 
in  this  state  the  residue  would  be  very  difficult 
to  treat ;  there  would  bo  considerable  loss  of 
potassium  chloride  by  crystallising  out  before 
th*^  liquor  was  clarified,  and  the  potn.ssiuni 
chloride  obtaine<l  in  the  oiK)lers  would  l)n  con- 
taminat'Od  by  newly-formed  camaliite.    To  avoid 


this,  the  solution  is  dilute<l  to  sp.gr.  I  -28  or  i  -30 
(measurefl  hot  and  nmddy).  The  ojicration  of 
dissolving  ought  not  to  Inst  more  than  hpjf  an 
hour,  or,  including  other  necessary  work,  2 
hours,  90  that  12  operations  can  be  made  in  24 
hours. 

The  solution  must  now  be  clarified  by  allow* 
ing  it  to  rest  for  an  hour  or  two  in  settling- 
vessels,  and  drawing  off  the  clear  portion  by 
means  of  a  drop-siphon.  The  clarifying  opera- 
tion can  be  promoted  by  sprinkling  a  little  milk 
of  lime  on  the  surface,  which  precipitates  some 
magnesia,  the  latter  carrying  down  the  other 
impurities.  The  residue  must  bo  once  or  twice 
bofled  up  with  fresh  water.  If  the  crude  carnallitc 
had  been  employed  in  lumps  of  the  siv.e  of  a  fist  ; 
if,  as  now  usual,  it  had  been  more  finely  crushed, 
it  is  either  removed  at  once,  or  it  is  ]>reviouHly 
boiled  up  with  a  small  quantity  of  mother-liquor, 
the  resulting  liquor  being  utilised  as  part  of 
the  dissolving  liquor  for  fresh  camaliite.  or  by 
cooling  down,  wnen  it  yields  weak  potavtiuro 
chloride. 

The  following  analyses  show  the  composition 
of  the  ultimatt?  residue,  forming  from  26  to  30 
parts  of  the  cmdo  carnallite  : 


b 

e 

Potassium  chloride  . 

5-25 

30 

2-2 

Sodium  chloride 

47-00 

45-0 

54 -8 

Magnesium  cldorido 

3-85 

2  0 

2-5 

Magnesium  sulphate 

29-25 

38-0 

22-9 

Calcium  sulphate 

2-15 

0-7 

1-8 

Insoluble 

6-00 

6-3 

Combined  water 

O-.W 

fi-0 

10-8 

100-00 

100-0 

100-0 

a  is  a  pro<luct  as  formerly  obtained,  b  and  e 
more  recent  products  of  different  works.  The 
'  insoluble  '  is  mostly  anhydrous  calcium  sul- 
phate, clay,  boracite,  and  sand. 

The  residue  was  formerly  allowed  to  occu- 
mnlate  in  large  heaps,  part  of  which  only  was 
utilised  for  manufacturing  kieserito  and  sodium 
sulphates  ;  where  there  was  not  room  enongh  for 
depositing  it,  it  had  to  be  washed  away  by  a 
stream  of  water.  Recently,  it  is  largely  employed 
for  filling  up  the  r>ld  workings  in  the  camaliite 
mines,  since  this  has  been  required  by  Govern- 
ment regulations  in  order  to  prevent  subsidences 
of  the  soil. 

A  different  kind  of  residue  is  obtained  by 
thoroughly  settling  the  liquid  in  tanks,  protected 
against  cfKjling,  and  drawing  off  the  clear  liquor 
by  means  of  a  drop-siphon.  This  second  resi- 
due, the  '  kiescrite  mud,'  consists  essentially  of 
kieserite,  accompanied  by  a  little  anhydrite,  clay, 
boracite,  gypsum,  sodium  chloride,  &c.  ;  also  by 

fiotassium  chloride.  It  is  seporated  from  the 
iquor  by  means  of  a  vacuum  filter,  or,  prefer- 
ably, of  a  filter-press  in  wliich  it  can  also  be 
washed  by  hot  mother-liquor,  which  removes  the 
potassium  chloride  without  affecting  the  other 
salts  to  a  great  extent.  Kven  then  from  4  to  26 
p.c.  of  potiuwiiim,  calculate*!  a.s  chloride,  are 
retained  in  the  mud.  prolmbly  in  the  shape  of 
potassium  magncHium  s)il|)hate. 

Formerly  the  clear  liquor  was  purposely 
allowed  to  cool  down  to  some  extent,  say  to  a 
temperature  of  H0°  or  even  lefs,  before  l)eing  run 
into  the  crystallising  vessels,  in  order  to  prc- 
cipit4ito  some  sodium  chloride.    Hut  since  the 
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MoiutioD  is  now  made  by  meaos  of  mother* 
liquors,  the  clear  liquor  contains  lew  NaCt,  and  is 

giiiL-ially  at  once  omployed  for  cryf^tnllisation. 
Tiiu  fuUuwiiig  aiudyacii  refer,  I.  to  a  iiquui  loude 
with  water,  of  ap.gr.  1-3  (at  106")  in  the  rauddy, 
aud  1-281  in  the  i  lirifKHl,  s,tutf  ;  II.  to  a  liquur 
made  with  uiothoi -liquur,  of  sp.gr.  1-313  (at 
105°)  before  being  diluted  with  water;  111. 
ahom  the  maximum  and  mimmum  pecoentages 
found  in  ordinary  liquon : 


I.        II.  III. 
Potassium  cidoride    .     11-08    10-70  »-14 
Sodium  chloridt-        .      5-68      4-20  4-8 
Magnesium  chloride  .     17^5    24-60  ].'>-25 
Magnesium  sulphate  .  1-50  1-5-6 

Water  .      .    6SS47    5900  — 

1  aabio  metro  oon- 
iained  .       .      .   142»2   140*&  kUo. 

potwMium  diioride. 

The  crystallising  vo-^-soIs  (coolers)  are  wrought- 
iron  taukn  oi  various  biztis,  usually  U\au  150  to 
300  cubic  feet  capacity — e,g.  7x8x4  feet,  with 
bottoms  slant a  h"ttlc  ti>  one  side,  wlicre  there 
ia  a  plug  for  i  uuaiug  ud  tlic  mothur-iiquor.  They 
arc  best  placed  a  little  above  the  floor,  80  l^t 
the  air  can  oirculato  undomenth,  and  in  summer 
this  ahotlld  be  promoted  by  Veuetinn  shutters  In 
the  buikling.  If  thi;  ( miling  tiikrn  phux-  too 
quickly,  the  crystals  are  too  soaaU  and  muddy. 
Two  or  three  days  ought  to  mffioe. 

The  salt  first  precipitating  carries  do^-n  such 
suspended  matters  as  nad  not  been  removed  by 
aetUittff ;  hence  such  '  bottom  salts  '  are  less 
pure  ihnn  tho  '  t-idc  halts  '  crystallising  after- 
wardii.  Thi;  quantity  of  the  latter  is  sometimes 
increased  by  suspending  bundle  of  wire  in  tht 
coolers,  but  this  is  now  done  bat  raidiy,  ns  the 
exferft  kbonr  Is  hardly  rpeompeiMed  by  the  ad- 
vanta^ea  of  that  pro(  rss.  Wlu  ri  the  oooling  has 
been  tlnished.  the  mother  liquor  is  siphoned  ofi« 
or  is  run  oi!  by  a  plug,  exactly  as  in  the  manu- 
facture of  soda  crystal  a. 

The  proportion  of  bottom  salts  to  side  salts 
ranges  from  2  down  to  ]  part  of  the  former  to  1 


Part  of  it  is  employed  for  dissolving  fresh 
oracle  salts  as  mentioned  above ;  the  remainder 

is  concentrated  by  evaporation  until  ^ncnrly  ail 
the  KCl  can  be  obtained  on  cuuiiug^as  artiliciai 
camallite.  This  concentration  was  fovmerly 
carried  out  in  two  s^'Mic^. — first  to  ^'I'.gr.  1-279 
(when  low-gruilr  puLtt.->taum  cldondo  was  ob- 
tained), and  then  to  1*325 ;  but  now,  since  coal 
is  dearer  and  lower  nriose  are  obtained  for  the 
prodtiot,  it  is  found  best  to  ooncenttate  at  once 
to  l-32o,  which  meanb  evaporating  about  one- 
tiiird  of  the  bulk  of  the  liquor,  till  the  boiling- 
point  readiet  133^ 

The  evaporation  must  be  carried  on  in  ?iu  I-, 
manner  thai  the  hcatiiig  surfaces  are  not  covered 
by  crusts  of  salts,  and,  of  course,  in  such  a  way 
that  the  fuel  i.s  utilised  in  tho  best  possible 
maimer.    Evupuiatiug  by  means  of  8team-ct<Us 
has  been  found  less  economical  than  by  nu-anis 
of  open  fires.   Passing  over  the  autiquuted 
modes  of  concentration  as  formerly  employed 
at  Sta&,sfurl,  wo  shall  describe  the  m^iv  recent 
process.    It  is  now  usvial  to  carry  on  the  evapora- 
tion taooemvdy  in  two  difierent  lands  of  ap- 
paratus— namely,  first,  up  to  the  point  where 
salts  would  be  sepatuted  in  the  boiling  liquor  in 
ordinary  two-flued  steam  boilers,  the  steam  bring 
titili.sed  for  dissolving  and  other  purposes.  In 
lieu  of  thi£  the  hri>t  stage  is  now  usually,  and  veith 
very  groat  advantage,  cai  rieil  on  in  combina- 
tioiM  of  vacuum-pans,  such  as  have  been  in  use 
for  a  long  time  in  sugar  works,  and  here  and  there 
'  for  caustic  liquor.    I'he  .second  .'•tage  of  con 
I  centration,  where  salts  are  sex>arated  during  the 
;  process,  is  best  oarried  on  in  open  pans,  heated 
by  internal  flues,  as  shown  on  a  scale  of    in  Fics. 
4  and  5,  which  at  the  same  time  illustrate  the 
;  *  step-grates,'  universally  employed  at  Stassfnrt 
'  for  the  friable  Itowh  coal  found  in  the  ncigh- 
I  bourhuod.    The  tiame,  generated  on  the  grate  g, 
passes  through  the  central  wrought-iron  tube  a 
aud  iiaok  asain  through  the  lateral  tubes  66  into 
the  brick  mies  U.   The  very  strong  boiling  of 
j  the  liquor  prevents  the  formation  of  any 


of  the  latter  ;  some  analyses  ol  this  *  fiwt  pfo-  a  and  6. 


duct '  run  aH  follows  : — 


Sixliuni  rhioriiit:  . 

Magnesluiii  ihiundc 

,1  sulphate 
Insoluble  . 
Water 


.'ii)-2 
27-0 
4-3 
2-0 
0-5 
160 


59-76 
3214 

5-12 

2:{8 

0-60 

—  1  110 


24-4 
2-8 
1-0 


i31  04-69 
27-42  2)*-22  i 
3-15  7-5-»-5  I 
1-12  0-6-0-3  ! 


The  mother-liquor  drained  off  from  tlie 
crystals  of  KCl  retains  about  1  of  tho  total 
KCl,  most  of  which  is  recoverable  oy  evaporation 
and  coolint:  ilie  concentrated  liquor. 

The  fuiluwmg  are  analyses  of  the  'first 
mother-liquor,'  a»  remaining  behind  from  the 
'  lirst  product '  (i.  former  pnwass,  II.  present 
process) ; 


Specilit  gravity  at  20° 
Potas-sium  chloride 
Sodium  chloride. 
Maii^edum  chloride 
M  I  LMi  'dam  sulphate 
Water      .  . 


I. 

1-  273 
61$0 
3-8(' 

11) -90 

2-  70 
(»-10 


ir. 

1-  279 
4-SO  p.c. 

r?-2o  „ 

2-  15  „ 
67-86  „ 


It  has  now  become  general  to  cover  in  these 

pans,  and  to  utilize  the  steam  escaping  from  them 
in  various  ways.  The  consumption  of  fuel 
(lignite)  has  been  greatly  dimimshed  by  the 
introduction  of  guH-produrers. 

'Iho  lir.st  .stage  of  evaporation,  that  in  winch 
no  salts  &rv  separated,  ends  a  Uttle  aboA  e  sj'.gr. 
l  -2ii ;  during  this  time  the  evaporation  is  con- 
tinuous, fresh  liquor  being  run  into  the  boiler  to 
ketft  it  up  to  the  same  level.  In  the  second 
stage  the  salts  were  formerly  removed  by  fish- 
ing, which  might  be  done  more  advanta^onsly 
by  inorhanif-al  means.  It  i?,  however,  usual  to 
boii  down  to  sp.gr.  1-32  or  1-33  in  winter,  1-33 
or  1*346  in  summer  (teeting  the  liquor  in  the 
muddy  and  hot  f«tafel,  to  allow  it  an  hour's^ 
settling,  and  to  run  it  then  into  a  cooler.  The 
fished  salts  and  the  settling  mud  are  washed  with 
water,  the  washings  being  utilised  lor  dissolving 
emde  salts ;  but  even  then  they  contain  from 
7  to  12  p.e.  put iit-sjuni,  ralciilaled  as  clJoridr. 
together  with  50  to  tJ6  p.c.  of  sodium  chloride, 
and  canse  an  appreciable  lo<»i,  as  it  is  not  easy  to 
extrrrt  thr5t  po*  (S.sium  clUoride  with  ndv  int ■u'^r. 
'  'i  hi;  ile^ir  liquor  contains  about  5-5  to  *.  Kll, 
2-^-3NttCl,  26-29MgCl,.  2-6-3  MgSO,,  uml  59  t>4 
'  HtO.   It  is  run  into  coQierB»  and  kit  there  during 


Digitized  by  Google 


POTASSIUM. 


345 


three  or  four  days.  At  first — that  is,  down  to  a 
temperature  of  05" — principally  iMxUum  chluride 
crystallises  out,  and  this  c;m  be  kept  out  by  a 
previous  cooling  down  U>  that  temperature.  On 
further  cooling,  'artificial  carnnllite'  issonaratcd, 
usually  containing  from  18  to  22  p.c.  KCl,  equal 
to  67-82  p.c.  of  real  carnallite,  together  with  a 
little  NaCI,  MgCl,.  and  MgSO^.  This  salt  is  dis- 
solved in  water,  brought  to  boiling  heat  by  meanR 
of  open  steam,  till  the  sp.gr.=  1-208  (at  105°) 
has  been  attained,  and  a  little  milk  of  lime  is 
added  at  the  finish,  in  order  to  remove  any  iron 
present  and  to  mechanically  clear  the  liquid. 


'Ihe  dissolving  and  settling  last  an  hour  each, 
the  subsequont  c<K)ling  three  or  four  days.  Some- 
times  the  *  artificial  carnallite  '  is  decomposed  in 
thr  cold  wav,  by  agitating  it  with  cold  wnter 
until  most  ol  the  MgCU  is  dissolved,  and  separa- 
ting this  solution  by  suction  from  the  solid  KCl 
remaining  behind.  The  result  of  the  operation 
is  solid  potassium  chloride,  *  second  product,' 
and  a  'second  mother-liquor,'  of  sp.gr.  1-267 
(measured  cold),  with  3-4  p.c.  KCl,  which  is 
usually  added  to  the  first  mother-liquor  in 
the  concentrating  pans. 

The  quantity  of    second  product  amrmnts 


Fio.  4. 


to  about  20  p.c.  of  the  total  make  of  potassium 
chloride ;  its  analyses  show  its  comparative 
purity : 

Bottom  salts. 

Drained 
67-0 


Potassium  chloride 
Sodium  chloride 
Magnesium  i-hiorido 
Magnesium  sulphate 
Water 


13-7 
5-3 
U« 

13-4 


Potassium  chloride 
Sodium  chloride 
Magnesium  chloride 
Miignesium  sulphate 
Water 


DralDed 
80-2 
7-0 
2-6 
0-3 
9-9 


Dr>- 
77-38 
15-82 
611 

0-69 


Dry- 
so  02 
7-77 
2-88 
033 


I      The  following  are  tests  of  the  '  final  mother- 
liquor  ' — 1>  that  which  remains  after  the  crystal* 
!  lisatiun  of  the  artificial  carnallite  : 


Specific  gravity 

Potas.sium  chloride 
Sodium  chloride 
Magnesium  chorido  . 
Magnesium  bromide 
Magnesium  sulpliute 
Water  . 


Former 
1-319 


Pri'sent 
proce*» 
1-313 


1-  25 
0-95 

29-60 
0-30 

2-  22 
65-78 


1-20 
1-20 

28-05 
0-31 
310 

66-14 


Its  quantity  is  5  or  7  cubic  metres  to  each  10 
tonH  of  crude  carnallite,  and  it  is  now  usually 
worked  for  bTomine  {q.v.)  ;  partly  also  for  mag- 
nesium chloride  (r.  infra). 


Fio. 


Purification  of  pnt-i»sium  chloride.  This  is 
always  performed  by  washing,  utilibing  the  fact 
that  at  low  temperatures  the  solubility  of  KCl 
decreases  very  much  more  than  that  of  NaCl, 
MgCT,,  Jtc,  and  that  the  contact  of  water  with 
those  salts  itself  causes  a  lowering  of  the  tem- 
perature (sometimes  amounting  to  lO*"),  so 
that  the  water  in  winter  would  be  turned  into 
ice  if  it  were  not  employed  in  the  tepid  state. 


The  washing  of  the  salt  takes  place  in  iron 
vessfla,  provided  with  a  false  bottom,  upon  which 
the  salt  rehts.  This  false  bottom  is  made  of 
wood  or  of  iron  phit»-K,  |H'rforate<l  with  g-in. 
holes,  and  is  coveri  d  w  itii  s^iu  king,  or,  preferably, 
with  a  web  of  split  cane.  The  water  or  liquor 
employed  for  washing  is  sprinkled  upon  the 
salt  ljy  means  of  an  cl;u%tic  tube,  »-iiding  in  a 
,  rube,  atid  the  liquor  is  removed  from  undemeuth 
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the  false  bottom  by  means  ui  a  tap  or  plug,  i  water.  In  the  centre  there  is  a  perpendicalat 
In  Fig.  6,  A  ii  the  tnh,  n  »  man-hole  through  |  shaft,  I  wnMn$  la  a  bearing  protected  by  a 

which  the  wivshed  salt  is  niDo veil  :ii  t!ic  cud,  fi  <-:ip.  TluH  phaft  is  moved  hy  means  of  thr 
thu  false  bi4tom,  ethe  tube  and  ruse  fur  washing,  pulleys  k  and  the  Uivel  wheeLt  k,  and  it  carries 
litho  charging  bogie,  i  thu  running-off  tap. 

The  tub  itt  completely  (ilhd  with  salt,  and 
this  is  first  wa«luKl  witii  wasiung-iiquor  from  a 
former  ujKTation,  which  in  thia  way  yields  some 
of  the  KCi  previoualy  taken  up,  and  takes  up 
NaQ  in  this  stead.  After  having  twice  served 
in  this  way,  the  li<pior  is  used  for  dissolving 
erode  carnaliite,  in  the  first  operation  described 
aboveu  The  first  Ifqnor  is  rnn  off  at  onoe,  until 

th©  mothiT-liquur  has  Ix-cn  displaced  ;  (hr  tap  c 
is  now  closed,  froshliq^uor  is  run  on  to  the  top  of 
the  salt,  leaving  it  In  contact  with  tin-  same  for 
two  hotir'4,  and  then  running  it  oil.  Tb.is  is  re- 
peated with  once-uscti  lifjuur,  and  last  of  all 
with  fresh  wat«r.  The  washing-tvlw  §m  best 
suspended  from  the  staging  by  means  of  tmn- 
niuus,  with  toothed- wheels  for  tutniiig  thflm  on 


m 
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their  axis  at  the  end  of  the  operation,  for  the 
purpose  of  emptying  out  the  irashed  potassium 
chloride. 

Tlu-  wishing  opeiation  is  iu>t  advaiitat^eous 
with  products  containing  less  thaji  00  p.c  K.C1 ; 
suoh  products  are  better  purified  by  re-crjrstalli* 
sation. 

The  wuslied  rait  naturally  contains  a  con- 
siderable quantity  of  water.  By  simple  draining 
tids  cnn  he  Rf>t  rid  of  down  to  7  or  9  p  <•.,  hy 
centnfiiging  to  5  p.c.  Thf  remainder  is  removt-tl 
by  heating,  which  was  formerly  mo.itly  done  in 
reverberatory  furnaces.  The  apparatus  in  genera  1 
use  now  is  shown  in  Fig.  7  on  a  scale  of  J^. 
Upon  the  foundation  i  a  ca*t-iron  drum  h  ia 
mounted,  the  hollow  part  of  wiiich  is  heated 
by  steam  through  m,  whilst  at  n  than  is  a 
ateam*trap  for  tne  removal  of  the  eondansed 


imtnt  -IV.  T 

p  >  »  •  . 

v.U 

I  I' 
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the  horizontal  arm  t,  to  which  are  attached  a 
number  of  pkNi|^'al|are8  a,  a  crushing-roll  h, 
and  a  discharging>8(»apcr  e,  set  in  motion  by 
handle  f  and  lever  s.  The  last-mentioned  part 
serves  at  the  <ii<l  of  the  drying  operation  {or 
moving  the  salt  towards  the  circumference,  where 
it  falls  through  an  opening,  kept  shot  up  to  tlni 
time  by  a  -liJc  iyto  a  shoot  and  bac  attacht  d  to 
it.  Each  ( har^-  _\  i(  his  60  kilos,  dry  ealt,  auU 
each  dryin^'-plate  turns  out  from  2  to  2^  toais 
p<-r  day  of  27  h>>urs.  With  wrought-iron  plates 
of  8  tect  diameter,  which  transmit  the  heat  more 
easily,  nearly  i>  tons  can  be  dried  in  24  hours. 
In  some  places  Tholen's  aaeiriMinioal  drring- 
pans  are  employed,  which  an  heated  hy  dbnti 
fire,  and  yield  about  lo  t.ins  per  27  hours,  wi^ 
an  expenditure  of  8  to  lU  p.c.  of  brown  ooal 
(the  fuel  value  of  which  is  not  quite  oneJislfik«^ 
of  ordinary  coal). 

Whichovor  apparatus  may  be  employed,  the 
f •  >rmation  of  crusts  cannot  be  sntixeiy  avoided. 
These  are  removed  once  a  day,  and  are  crushed 
in  order  to  be  soM  as  manure  salts,  containing 
about  70  p.c.  KCI. 

The  drying  is  usually  carried  up  to  2  Pwo. 
water  for  low  grades,  or  0*0  p.e.  lor  mgfa  graoes  ; 
but  it  is  best  Ui  h  ave  the  salt  a  short  time  in  a 
<ol,  dry  place  before  packing.  It  is  then  crushed 
between  rolla,  sifted*  and  paeksd  into  |iita  bngs, 
holdfaig  100  kilos.  eacL 
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b 

e 

d 

• 

/ 

KCI  . 

80-85 

89-78 

82-00 

96-6 

84-30 

98-08 

NaCl  . 

16-26 

8-10 

16-00 

2-0 

12-98 

0-22 

MpCU 

0-20 

0I(» 

0-40 

0-2 

019 

0-07 

MgS04 

0-5U 

0-33 

0-30 

0-2 

Olo 

01 2 

Ca804 

0-18 

0-27 

0-26 

0-3 

0-22 

0-24 

Insol.  . 

u:i2 

0-ir. 

0-2 

(»-23 

0-31 

Water 

ItiO 

l-IO 

0-90 

0-6 

1-98 

0-46 

Digitized  by  Google 


POTASSmiL 


347 


0  Md  b  manufactured  in  1860^  0  and  d  in 
U73»«uid/ial88A. 

Another  prooeae  for  treoting  ostnalUte  has 

been  patented  by  Schliepluicke  and  Kit  iii.iun 
(D.  B.  F.  43032).  They  smelt  raw  carnaUitc 
in  •  oopola  ImiMoe  with  fdepar  or  granite,  and 

ran  the  liquid  product  into  vnld  water,  whereby 
it  is  granulated  and  the  soluble  bults  aro  more 
eaaily  extracted.  Magnesium  silicate  remains 
behind  in  mi  instjlublc  state  ;  the  solutiuu,  which 
contains  liie  potiiissiuiu  ua  hilicate,  in  treated 
with  a  solutiiju  of  crude  carnalliic  ur  waste 
liquors  from  the  manufacture  of  potMBom 
chloride.    The  ensuing  reacton  is : 

MgCl,-|-Kf»0,^MgSiO,+SKCl, 
■o  that  only  potassinm  olilondo  remaina  in  wlu- 
tkm.  The  gases  escaping  from  the  throat  of  the 
cupola  furnace  aro  to  bo  treated  foe  chloriue 
and  hydrochloiio  aoid.  ,(Thia  ingenious  process 
does  not  seem  to  havo  been  praetioaDy  carried 
out.) 

Manufacture  o/  jtoicusium  chloride  from 
aylwine*  Thia  ia  an  exoeedingly  simple  matter, 
■inoeahot  saturated  s(»lutinn  uf  KCl+NaCI  on 
cooling  allows  nothing  but  K.C1  to  cryittaUise  out. 
Ground  syhine  is  dUMolvod  in  the  tame  way  ns 
deecribed  in  the  case  of  carnnllito  ;  the  solu- 
tion, if  necessary,  in  cleared  l)y  subaideuce  and 
allowed  Ui  cry9talli«e,  juKt  as  the  solutions 
obtained  from  oamailite.  The  resulting  potas- 
ahini  oUoiide  teats  02-94  p.c.  Ka,  even  without 
Wai^hing,  and  by  wa.shing  can  be  brought  up  to 
96  p.c.  Expehence  has  shown  that  the  crude 
sprivine  should  not  eontain  nlore  than  }  p.c.  MgO 
(in  the  shape  of  kieserite)  ;  if  it  contains  more, 
both  MgO  and  SO,  are  removed  by  adding 
milk  of  lime.  A  modified  procei^s  for  obtaining 
sylvine  from  mixtures  with  rficksalt,  &c.,  is 
described  m  the  D.  K.  P.  132474  of  JSpcyerer. 

The  manufacture  of  KCS,  from  nmtsfik  i» 
carried  on  in  a  siinilar  manner,  e.rj.  by  Tiinger's 
D.  R.  P.  102075;  but  as  this  nuiteriul  is  of 
very  varying  composition,  the  special  rulea  lor 
working  must  be  fixed  Irom  case  to  caae. 

Meyorhoffer  (D.  R.  P.  91906)  obtains  potaa- 
cJdoritle  from  camallite  by  heating  this 


to  about  107".    About  three-quarters  of  the 
KCl  is  thus  obtained  in  a  aoHd  lomi,  whilst  the  ; 
remainder  and  all  the  M^rCU  rein  liiis  in  solution  , 
which,  on  cooling  down  to  about  115'',  depoaita  , 
ncnii^  aU  the  KQ  and  leaves  only  MgC!,  in  i 
Kolution.    The  game  inventor  (D.  R.  P.  02812) 
jmritiesj  carnallite  by  heating  to  about  206"  and 
removinjg  the  fused  oamailite  by  pmaaea  from  i 
the  roaidne.   Further  improvements  aro  de- 
ecribed in  his  D.  R.  PP.  98344,  99957,  109101. 

The  Salzbergwerk  Neustassfurt  (D.  R.  P. 
138502)  diaaolvea  the  carnallite  in  tUu  under- 
oionnd  means  of  topid  water,  the  solution 
being  pumped  up. 

Maurer  (D.  R.  P.   166658)  gives  detaUeti 
prescriptions  for  the  preparation  of  potassium  j 
olllnride  from  the  crude  Stassfurt  salt.s. 

Haag  and  Glienicke  (D.  K.  P.  163413)  fuse  the 
ennallite  ovtof  the  emdeaalta  by  eleotrlo  heating. 

By-nosvon  or  run  Sxassvubt  i>ot.^h 

L  KlMMttt.  This  in  ^Juble  body, 
which  beoomM  aoluile  only  by  prolonged  con- 


taot  with  water,  when  it  passes  over  by  an  inter- 
mediate Stage  into  fipsom  salts  MgijU4,7H,U,  is 
naturally  left  bddnd  in  the  residues  froin  die- 

-solving  crude  carnallito  and  fiettling  the  liquor. 
Most  of  it  is  lost  in  the  shape  of  pit  hea]>8,  &c. ; 
only  then  ia  it  nearly  recoveied  by  the 
potash  manufactures,  when  tht  y  arc  obli^wl  to 
get  rid  of  their  rcaiduea  by  wastiiug  away,  b«- 
cau.Ho  in  this  case  the  law  compels  them  to 
retain  the  insoluble  portions  ;  otherwise  kieserite 
is  only  prepared  whpn  there  in  8pt>eial  demand 
for  it.  Since  it  soon  pass^^s  over  into  the  above- 
mentioned  intermediate  stage*  it  must  be  made 
from  freah  reddoea,  which  is  done  by  subjecting 
them  to  a  combined  kviLating  and  eiffing  pro- 
cess. A  convenient  apparatus  for  this  purpose 
ia  shown  on  a  aeale  of  ^  in  Fig.  8,  when  ir  ia  a 
hopper  containing  the  residue?,  which  rest  on  a 
grating;  the  water  issuing  from  b  produces  a 
moddy  nqnoTi  which  meets  the  slanting  sieve  e ; 
the  ooaner  partjoiiB  lun  off  at  /,  Uie  finer  onea 


Fw.  8. 

n through  into  the  slanting  shoot  fh  where  at 
.  anhprcuite  ia  deposited,  whibt  further  on,  at 
e,  kieaente  Is  found.  The  clay,  together  with  a 
little  boracite.  remaina  suHjK'nded  till  the  li.^t. 
and  is  kept  back  in  special  settling  basins.  Of 
oonrae,  in  lien  of  the  denting  ahoot  (f,  aevnral 
settling  trongfaa  with  overflowg  oan  be  em' 
ployed. 

The  kieserite  must  be  removed  at  short  Inter- 

vals  and  jmt  into  iron  or  wooden  moulds,  where 
it  holiilities  alter  tiftecu  minut«T,  so  far  that  the 
hh^rks  can  be  taken  out.  The  solidification 
(wlucb  is  a  process  similar  to  that  occurring 
with  gypsum,  a  chemical  combination  with  water 
taking  place)  proceeds  with  evolution  of  heat ; 
in  a  few  days  the  blocks,  weighmg  i  to  |  cwt., 
are  as  hard  as  stone,  and  can  be  sent  out  in 
this  state  with<jut  Ixing  packed  in  ca.'-ks,  bags, 
or  the  like.  Aft«r  a  lapse  of  time,  however, 
they  fall  to  powder  Hy  the  attraction  of  atmo> 
spheric  moisture  and  fimiatioTi  of  Kpeom  aalta. 

The  quality  of  block  kieserite  natnrntly 
varies,  according  to  the  more  or  less  careful 
separation  from  other  matters  ;  a  minimum  of 
.').">  p.c.  magnesium  sulphate  is  frequently 
guaranteed.  When  it  is  rtHjuiced  in  the  ground 
state,  it  is  first  calcined  in  a  reverberatory 
furnace. 
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Akalysbs  or  K188BBITB  Biiocss. 


Magneaiuiu  sul- 
phate 

Sotliuin  ( 111  •ride  . 
Insoluble  (auhy- 

drito,  te.) 
Water 


Prwdi 


Calriued 


60-ao 

1-06 

10-63 


w 

V 

680 

81-6 

77-8 

21 

2*1 

2-7 

I3.r» 

14-4 

17-0 

2-0 

2-5 

The  yield  oi  hlook  Ideserite  is  about  10  p.c' 
of  the  crade  oamallito.   With  careful  work  it 

can  be  got  np  to  12  p.c,  but  thin  is  scarctely  ovi-r 
douu,  becauHo  at  proaeat  only  one-tenth  of  the 
residues  is  worked  for  it,  the  demand  not  being 
equal  to  the  hu|i].ly. 

A  itmali  quantity  of  blm  k  kieserite  is  con- 
verted into  «akine4  kieserite,  with  a  guaranteed 
minimum  perccnta:^o  uf  TU  p.p.  MgSO^,  by 
calcining  in  ordinary  n  vci  buritory  furnaces, 
grinding  and  pockinu'  iu  bags. 

The  Uewerbsdiaft  Carlsfund  (D.  K.  F. 
166187)  obtains  kieserite  from  its  mixture  with 
Common  salt  hy  <li<j;rst  ion  with  mote  OF  lew 
cuuoenlratcd  salt  solutions. 

ApjAiaOioM  0/  kUaeriSe.  Moet  of  it  is  em- 
ployed for  making  Epsom  Palt.«,  some  of  it  for 
potassium  sulphate.  We  mention  the  following 
attempt*  at  atiliaing  the  substaoce  in  other 
ways. 

G.  Qemm  (in  1S03]  calcined  the  kiuberite, 
preferably  mixed  with  coal.  111  the  presence  of 
steam,  and  carried  the  vapours  into  vitrol- 
chambers  ;  magnesia  remains  behind  (in  a  very 
iiiipiui!  ^talt!)-  liy  a  wimilar  process  Precht  (in 
ISlil)  makes  baAio  linings  for  the  steel  process. 
Several  other  inventors  have  tried  to  utilise 
either  the  sulphuric  acid  or  the  magnesia,  but 
hitherto  not  to  any  appreciaMe  extent. 

Tlie  only  extensive  enipiojment  of  Ideserite 
ia  that  of  converting  it  into  Epsom  sftlti,  of 
which  about  25,000  tons  per  annum  are  nimle  in 
Germany,  and  a  considerable  quantity  in  Eng- 
land and  in  the  United  States.  The  process 
consists  simply  in  causing  the  kieserite  to  take 
up  more  wati  r,  preparing  a  solution,  and  allow- 
ing this  to  crystallise.  Formerly  tlie  process 
was  promoted  by  ealcining  the  kieserite,  after 
wliich  it  is  at  once  eohiblc  in  water  ;  Imt  thi;^ 
object  can  be  equally  attained  by  the  proiouged 
application  of  steam,  or,  even  nior«>  cheaply,  by 
snaking  the  cnisiu'il  kieserite  with  iln'  innthpr- 
liquor  from  the  Epsom  salts,  when  it  gradually 
parses  over  into  the  heptahydrated  nll^  mth 
groat  incrcaao  of  bulk.  A  iolution  is  now  pre- 
pared by  water  and  steam,  of  sp.ijir.  l-Sl  to  1-325 
(tested  liot  and  muddy).  This  is  clarified  in 
settlors,  where  it  is  kept  about  an  hour  ;  the  last 
partides  of  gypsum  and  clay,  flouting  in  the 
liquor,  nre  removed  by  wood-line<l  tiltcr-jjrt --.^i  s  ; 
the  purified  solution  (if  necessary  concentrated  in 
lead-lined  pans  by  means  of  leadeoils)  ia  ran  into 
lead -lined  iron  or  wooden  cryatallising  vessels. 

After  thr(>c  or  four  days  the  cry^talluiatiou  is 
finished  ;  t  he  crystals  are  all  the  finer  the  moie 
concentrated  the  liquor  had  been,  and  they  ate 


at  first  prnotiertUy  free  from  sodinm  rhloride. 
By  concentrating  the  mother-iiquur  inferior 
quaUties  ace  obtained  j  the  laat  liquor  is  ran  to 
waste. 

The  crystals  of  £t>soiu  salts  are  iu  Eu;^iaud 
merely  drained  by  a  cnntrifugal  machine,  turning 
out  2  tons  (ler  day,  and  the  {noduct,  still  con- 
taining 3  or  5  p.c.  of  moisture,  is  directly  packed 
into  caoks  ;  in  Germany  they  are  dried  in  a  room 
heated  by  exhaust  steam,  &c.,  at  a  temperature 
not  exceeding  46*,  the  dry  salt  it  peowd  through 
wooden  rollers,  leaving  a  sjiaee  of  |  inch,  so  that 
only  the  lumpn  are  crushed ;  it  then  passeb 
through  a  sieve,  and  from  this  into  the  casKs. 

The  favourite  shape  of  Epsom  salt.-*  is  that  of 
fine  needles,  of  silk-liko  lustre,  which  arc  must 
easily  formed  by  moderately  quick  cooling  of  a 
concentrated  solution.  The  coarser  crystals  b*o 
separated  by  sifting  and  re-dissolved,  or  sold  as 
8econ<i  <}uality. 

i'he  principal  application  of  £psom  salts  was 
formerly  the  medicinal  one,  whiob,  of  oourse,  did 
not  aumunt  tn  large  quantities.  At  present  the 
greater  portion  01  it  is  employed  iu  finishing 
textile  fabrics,  especially  oslico.  Other  applica- 
(ioi).->  I  nio.-tly  only  propoae<l  or  temporarily  tried) 
arc  thoise  fur  replaeing  the  '  pearl-hardeaiii{i  '  in 
pa()er-making  (mixed  with  lime),  for  preparing 
precipitated  barium  sulphate^  for  purifying  beet- 
root sugar  juice,  for  rendertiq;  fabrics  fire-proof, 
for  manufactunn*,'  sulphur  trioxide,  in  Several 
soila-making  processes,  and  so  forth. 

2.  GUuiber^MltNa^O4.10H,O,  can  be  made 
by  Halard's  process — that  i?.  exposing  a  mixed 
solution  of  Bodium  chlori^lo  and  magnesium  sul- 
phate to  a  temperature  l)elow  0%  when  the 
following  reaction  t  ikes  place  : 

2NaCl-KMgSO4+10ii,U-Mga,+Ka,SO4,10HaO. 

The  Glauber's  salt  crystallises  out,  magnesium 
chloride  rLinainiag  in  solution.  At  the  muuth 
of  the  Bhooe  this  is  done  by  artificial  cold ;  at 
Stassfnrt  it  can  be  done  withont  that  during  the 
winter  months.  The  material  i.-i  j)re.<ent  in  the 
residues  from  dissoi^ing  erude  carnailite,  the 
composition  of  which  Ims  been  atated  on  page 342. 
.Tufit  tlie  weathered  rcsickie  which  is  no  more 
adapt€)d  fur  the  treatment  for  kieserite.  is  most 
suitable  for  the  above  process,  and  from  50,000 
to  75,000  tons  of  Glauber's  salt  might  thus  be 
made  per  annum  ;  but  the  quantity  actually  pro- 
duced is  only  about  10,000  tons,  and  varies  very 
much  according  to  the  nature  of  the  season. 

Tlie  residue  is  dissolved  In  Tarions  ways  ;  the 
li'ns^er  it  lia>  bt'  ii  cxjioSLd  in  (he  weather,  the 
more  easily  the  solution  takes  place.  Usually 
the  residue  lieape  are  lixiviated  on  the  spot  by 
means  of  hot  water,  the  solution  beim:  caught  in 
a  trench  made  at  the  )x>ttom  of  the  lieaj).  If 
the  proportion  is  not  ~2NaCl  to  1M^S()4.  the 
composition  of  the  liquor  is  corrected  and  its 
strength  is  brought  up  to  about  1*269  at  33". 
The  solution  is  claritietl  by  settling,  and  is  ex- 
posed  to  the  cold  of  a  winter^  night,  always 
under  the  open  sky.  Ordinary  coolers  are  not  so 
w.ll  adapted  to  this  pturpose  as  large,  shallow 
tanks,  made  of  pine-wood  planks,  the  joints 
bemg  made  tight  by  caulking  wUh  hemp  and 
tar.  Tliesc  tanks  are  errrfed  on  wooden  pillars, 
and  are  sometimes  lOo  by  100  feet  square,  an«i 
8  inches  ileep.  During  summer,  when  they  are 
not  used,  they  are  kept  filled  with  a  solution  of 
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oommun  »;Ut.  la  such  Hhiillow  tanlw  the  liquor 
is  bettt^r  cooled  duuti  during  the  night,  1  (rubic 
metre  often  yielding  150  to  180  kiluh.  of  crystaU. 
The  mother-liquor  is  run  off  in  the  early  morn- 
ing, before  it  coo  get  warm  ag»io ;  it  ahowi  th« 
Bp.gr.  1-20B  to  I4i5. 

;{.  Magnesium  chloride  MgQj.nHjO,  in  ob- 
t&iued  bj  evaporttting  the  '  final  muther-liquor  ' 
in  thA  tamo  d««orlption  of  apparatus  as  daoilbed 
vV)V(*  for  the  treatment  of  earn  dlift-  limiors, 
usuikily  in  puna  \dth  flarae-pipe»,  to  u  b.p.  ui  lul^ 
which  < oiTc.-iponda  to  sp.gr.  1-388  or  140  (taken 
hot),  ailuwiug  to  nettle  for  an  hour,  and  running 
into  a  cooler^  whuroupon  the  whole  mass  8<^)lidifiea 
in  a  few  day-n.  it  is  broken  into  large  pieoM, 
which  arc  put  into  ca«k« ;  the  empty  space  is 
filled  up  by  a  hot,  atron^  iH)lution  of  magneHium 
ohloride,  which  on  cooling,  cements  the  whole 
into  A  solid  maea.  Sometimes  tiie  dry  salt  is 
melted  for  some  time  in  a  famaoe,  to  expel  some 
more  water,  \mt  if  this  is  driven  too  far,  hyilru- 
chloriu  acid  escapes  as  well.  This  process  is 
nnoh  dearer  than  the  first,  and  there  is  not  mnoh 
by  it.  A  rnlnurlcj^",  glassy  product  is 
ubt<uue<l  liv  IxiiliiiLi;  (iiiwn  only  to  Hp.gr.  1"44, 
oxidLsing  ih.v  fi  rr<iu->  sjlts  by  adding  potasiitim 
chlorate  (■>{  winch  about  .3  kiloh.  is  required  for 
a  charge  of  4U  cubic  metres  of  concentrated 
solation),  heating  further  until  a  b.p.  of  irn"  haa 
been  reached,  and  precipitating  the  iron  by  the 
addition  of  an  excMs  of  milk  of  time  (of  whloh 
f»b<i(it  130  kilnM.  )  will  be  required  for  40  cdttic 
metres  of  lif^uorL  and  cooling  down  to  about 
\U^.  The  liqQid  is  then  ran  tnrongh  fhe  bang- 
hole  int'i  i»'-trolcura  caskx,  in  which  it,  HMlMlfu  M. 
and  is  sent  out  in  this  state.  TUq  uuuiyscs 
thowi 

Roiird  downto  Boiled  (tovrn  to 
sp.Kf.  I  'iHH        i*j).tfr.  1'44 
Mngnctum  chloride  .    4.''.  74  r)105 
PoUuMiuui  chloride    .      i  li.>  ] 
Sodinm  oUorido  0-25  0-27 

Magnesium  solpliate  .  015  010 
Water     .       .       .    52-51  47-20 

Sinoe  one  ton  of  the  prodaot  oan  be  obtained 

from  thrt-e  (or,  with  curr,  from  2.J)  tons  of 
crude  camallitc,  cnorroous  quantities  might  lie 
made  at  Stassfurt;  but  aotnally  only  about 

12,0<*0  to  10,000  tonn  aro  made,  ind  ire  ftrinci- 
pally  employed  for  dressing  (lubricating)  the 
warp  in  weaving  calico.  A  verylarge  numln-r  of 
further  applicationfi  hav<«  \tcoi\  proposed,  in  order 
to  utUiHL-  ♦'ither  the  chlorine,  or  the  nmgninia, 
or  both.  We  mention  here  the  following  appli- 
cations :  as  a  dininfectant ;  f^r  jirffijiitatiuK 
w.^ste  Moap-lyos ;  for  carboniMii^  wool;  for 
making  patent  fuf-l  ;  for  mngnc^iji  coiiicnt ;  for 
prepacing  magneeia*  principally  as  *  ba^ic 
lining  *  in  the  msnnfacture  of  steel ;  for  roanu- 
farturitiL'  liuinni  '  hloride. 

CryfUiUitr  i  iMijiwuium  chloride  is  in<i<h'  by 
eraporating  only  to  sp.gr.  1*43  atKl  p«nirini;  thf- 
liquor  into  cuskh,  alrnidy  <!onfuiniiiL;  l»io(  ks  of 
Mf<^'l,  crystivK  lM't\vf.-cn  wliii  li  it  H.-Hdifii.s.  Thi; 
crVHtal  cjikf»s  ci  -i'iui  about  4.5  m  |,  <-.  MgCl,, 
J-3  KCl.  1-2  NaCl,  3  4  Mg.SO,,  511  H^O. 

Maqnena  and  htfdrochlorie  art'ft  is  m.idr  from 
m-i'^n<'^ium  chloride  by  two  liriiM  )(y  tm  mh  of 
secret  pmoeasM.  Probably  the  MgCl,  in  lirut 
oonvertiBd  into  ozychJorido,  and  this  is  then 
hcat<>d  by  gases  containing  a  targe  quantity  of 
steam. 


Maputia  alone  it  made  tr<tm  umgne.>nQm 
chloride  liquor  by  means  of  lime,  in  two  ittagos, 
viz.  first,  precipitating  the  sulphuric  acid  and 
iron,  if  n(>ci>8sary  with  addition  of  a  little  bleaching 
powder  and  removing  the  preoipitato  ;  second* 
adding  more  Hme  to  deoompoee  the  MgCl,  into 
MgO  ,iim!  f'lj. 

4.  Bromine  i»  largoly  made  from  the  final 
mother-liquor  of  the  maaifBrt  worki^  wfaioh  con* 
tains  about  0-25  nr  0  20  p.c.  of  it  in  the  State  of 
MgUr, ;  c/.  the  article  Bromine. 

Part  of  the  MgHr,  is  converted  into  the  iron 
compound  F(  ;,T?r\,  and  h«  tit  otit  in  this  state  to 
tho  bromine  wuik^,  ur  into  the  bromides  of 
potassium,  sodium,  and  ammonium. 

H.  Boracic  acid  is  ma  do  from  boradte  or 
stassfurtitc,  2Mg,BnO,a,Mi4< /li,  of  which  about 
rjt'Otons  per  annum  is  obtAine<l  at  Stassfurt.  It 
is  dissolved  in  concentrated  hot  iiydroohloric  acid ; 
the  olarlfled  solution  is  run  into  wooden  coolers, 
linod  with  lead,  u  hrrc  boiic  acid  rrysfallipf  h  out. 
The  crude  acid  is  puriiicd  by  washing  or  recrj  H- 
talling.  100  parts  of  eommeroial  boraoitc  yield 
about  82  to  sr>  p  iit.^  of  <  rvfttallised  bornric  acid 
H,HOa,  uhich  IS  partly  sold  as  sucii,  and  partly 
converted  into  the  sodium  salt*  known  in  trade  as 
borax  {q.r.). 

6.  PotasslC  manures  {artificial  fertilistn) 
are  made  from  all  the  by-produots  of  the  Stass- 
furt  manufacturers,  aa  well  as  from  minerals 
specially  got  for  this  purpose,  especially  kainite. 
Th»«  rtianuf  i'  luring  oiwrations  con^^ist  merely  in 
grinding,  drying,  calcining,  and  efiecting  a 
proTier  mixture  to  bring  the  product  up  to  the 
L'u  u.Mitf  (m|  percentage  of  potiish.  IV.tasHiium 
sulphate  is  much  t>etter  for  this  purpose  than 
ohloride,  and  magnesium  oUorldo  In  the  free 
state  is  abKoIutcIy  injurioti<!  to  vegetable  life. 
H«'nc('  kainite  and  scliociiilc  (c/.  PoUimiam 
HulfthaU)  are  most  usually  empl uyed  ut<  manures  ; 
hut  low-grade  potas-iium  chloriHi>i  \a  also  fre- 
quently sold  for  this  purpose  (v.  FKRTii.iSKn8). 

Poioj^num  chloride  Jroin  mother -ligvors  of 
(As  manufacture  of  a»a-8aU.  I'he  utilisation  of  the 
mothor-liquors,  obtained  in  the  manufarturo  of 
sea -Hrtlt  by  voluntary  evaporation  in  the  '  salt 
gardend,'  iy  not  generally  attempted,  it  has,  how- 
ever, fieon  worked  out  to  great  perfection  in  at 
i  ^  one  locality,  at  Giraud-en-Cainarguo,  at  the 
mouth  of  the  liliojie,  originally  by  lialard,  later 
on  by  Merle  and  Pechiney.  Descriptions  of  this 
industry  have  l)oen  ijiven  by  Wurt/.  (Hofniann's 
Ucricht  iihr-r  die  \Vicn<T  Au.-*.strllnnt;,  IST.'"',  |l] 
410)  and  Lunge  (('hemiHihc  Industrie,  1883, 
22.')).  \Vt!  quofi-  hero  only  thow  portions 
referring  .specially  to  potn^siuni  chlori<le. 

From  eaeh  (uhic  mi'tre  of  sea-wat^jr,  after 
obtaining  the  salt,  64  litrea  of  mother-liquor, 
testing  27^  1)^.,  roniains  behind.   This  mother* 

liquor  i-i  conrt-ntrated  by  solar  hea(.  to  32^'' I'^.  ; 
the  salt  (-ry^talliHi^K  out  during  thin  operation  is 
of  inferior  quality  (down  to  91  p.e.  NaCI),  and  w 
not  uliliKied  at  all  at  rjiraud.  f^ut  on  fort  her 
evaporuliui;,  by  wdar  heat,  from  32 -5 '  Ui 
a  mixture  of  80<lium  clilorido  with  nearly 

if"^  di'iit  of  iii:ii.'ne'*iM rii  sulphate  y-*  K<'pa- 

r;it<'d.  \^  lo' fi  !s  lui'.Mii  iiw  '  s(  l«  mixtt  s,'  and  is 
U'tck.  d  in    \,M  i«>>is    wa\H.    (wpfci  dly  for 

tilaulMJl's  HiiltH.  I.v  j.itifieiil  cold  fp.  :J4Si  'fhe 
liquor  of  Hfi^'IV-   is  kept  during'  (he  wintiT  in 
I  V  lan'i  an  !  Ii  i-p  tanks,  uliero  th»'  ti  ttip>>r.ittire 
is  prevented  from  failing  Intlow  12^(  '■. ;  in  thin 
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case  only  Epsom  salt  cryBtallises  out,  but  no  ultimatply  Trith  afldition  of  a  littie  charcoal,  atul 
oaruAliitti.  The  new  uiother-iiquor,  toting  ignitinj?  the  mixture.  At  first  the  reaction  is  as 
33*Mb,of  which  16  litres  per  uaMc metre  of  8ea>  follows  :  GKOH4-0Br=5KHr+KBrO3-h3H,O. 
water  has  remained,  is  further  evaporated  by  On  iij;iiiting,  the  charcoal  rt'duots  th<«  liroiimtv  to 
arti6oial  heat  in  a  PorionV  furnace  until  it  shows  !  bromide.  The  mass  is  dissolved  in  water,  tiltcred, 
37°B^.,  tested  hot.  On  the  other  hand,  magnoloin  and  the  potassium  bronddft  obtained  by  evapon- 
chloride  sulntion,  obtained  at  a  later  stage  as  a   tion  and  crystallisation. 

by-product,  is  evaporated  in  ordinary  open  pans  This  procefs  suffers  fnnu  the  drawback  that 
to  JO  lioth  hot  liqiMFs  are  run  at  ihesame  the  numa  decrepitates  strongly  on  diying,  and 
time  into  an  iron  iuixing-pan,  taking  coco  to  '  further  losses  tlvrough  volatiUsation,  &c.,  cannot 
maintain  an  exoees  of  magnemm  chloride.  This  I  be  avoided.  Hence  another  process  is  almost 
causes  at  om  c  a  CDnsiilcraWr  si  par.ition  of  *  edft  j  ex(  liisivdy  employed  now,  similar  !o  that  used 
mixtes '  (cj.  above),  which  are  removed  by  a  fur  potaaaium  iodide.  An  iron  bromide  is  first 
dred^ng  apparatos.  The  hot  liquor  remaining  \  prepared,  and  this  is  deoompoeed  by  potasdnm 
behind  still  roiitaiim  .ill  (lie  putas.sium  salt ;  |  carbonate.  Some  inn  bromide  is  <  f  tninr  !  in 
this  is,  however,  separated  on  cooling  in  the  the  manufacture  of  bromine,  the  vapours  being 
form  of  artifioial  eamaUite,  owing  to  the  presence  |  absorbed  by  metallic  iron,  but  most  of  it  la  made 
of  so  much  magnesium  chloride,  most  of  which  i  by  mixing  bromine  and  iron  in  puch  proportions 
is  left  in  the  cooled-down  mother-liquor.  This  that  tho  compound  FejBrg  is  obtained  (<•/.  Pofn.n- 
artifioial  camallit«,  being  in  the  state  of  fine  '  «tum  iodide).  The  solution  of  thia  bromide  is 
mad,  is  easily  decomposed  by  agitation  with  cold  i  filtered,  and  is  run  into  a  hot  concentrated  soiu- 
water,  when  magnesium  chloride  enters  into  I  tion  of  potaasium  carbonate,  until  the  reaction  is 
solution  and  potassium  rlilori'le  is  left  behind  in  exactly  neutral  or  very  faintly  alkaline.  100 
the  solid  state.  By  systematic  washing  the  parts  of  iron  bromide  require  from  5ti  to  00  parts 
latter  oan  be  brmuht  up     82  p.c.  KCL       «    |  of  potasnnra  carbonate,  according  to  its  purity. 

Interesting  ana  ingenious  a»  this  process  is  The  s^iliitinn  is  boiled  for  some  time,  to  make 
(in  reality  it  is  much  more  complicate  tlian  the  precipitate  of  hydrated  iron  oxides  more 
would  appear  from  the  preoeding  short  descrip-  i  don.«e  ;  it  is  then  separated  from  the  latter  hy 
tion).  i*  •uMt  Very  well  compete  with  thf  i  filter  or  filter  pres-s,  and  is  evaporated  to 
Stasffurl  industry,  bitJ*uil  thi.s  is  upon  the  liryness.  The  residue  is  dissolved  again,  lea \nng 
natnral  accumulation  of  similar  prodneta  through  behind  the  difficultly  soluble  potassium  siU- 
thnu??an(I>  of  ye  ns.  Hence  Balard's  process  has  ;  phate,  Ac,  and  i>  i  v ajvirafed  for  crystallisation, 
not  ma/iu  its  way  elsewhere,  and  is  not  likely  to  Up  to  sp.gr.  i  r>3  ihisi  can  be  done  at  a  boiling 
do  so.  heat ;  the  further  evaporation  should  be  done  at 

Potasaium  chioride  from  Irdp.    In  the  mann-  i  &  gentle  best,  as  with  the  iodide,  to  obtain  hard 
facture  of  iodine  from  kelp — that  is,  the  ashes  of  I  crystaUt.  The  crystallisation  takes  place  in  stone- 
sea-weed — as  obtained  (HI  the  roasts  of  Scotland    ware  or  enamoiled  inin  di.-jlu  jj.    The  motlier- 
and  Normandy,  alarge  quantity  of  potaesinmsaltf;  j  liquor  can  be  freed  from  carbonate  by  cantious 
is  obtained,  which,  previoudy  to  the  workiniir  of  I  nentrslisation  with  bydrobromio  add.  and  from 
the  Stassfart  deposits,  was  one  of  the  princip  d    «nlphate  by  meatis  of  barium  bromide.  Any 
sources  of  these  salts  for  technical  purposes.  The   chh^rido  present  cannot  very  well  be  removed 
liquor  obtained  by  lixiviating  the  Wlp is  concen-  i  from  the  bromide;  hence  the  bromine  employed 
trated  by  evaporation  In  several  stn<:»eP,  and  thus  I  should  l>e  a.^  free  from  i  hlorine  as  is  required, 
yields  several  crops  of  crystals.     Tho  first  crop,  ;  Iodide  can  bo  removetl  by  boiling  with  bromine, 
called  '  plate  sulphate,'  is  a  mi\i  \ire  of  potassittm  The  last  mothcr-Iiquora  are  best  used  np  for  the  ' 
sulphate  with  some  sodium  sulphate  and  common   recovery  of  bromine.  The  German  Pharmacopceia 
salt;  the  mother-liquor  yieldfi, on  further evapora-   permits  the  presence  of  2  p.c.  KCl  and  0-1  p.c 
tion  while  hot,  a  mixture  of  common  salt  with  ,  K,CO,  in  }>ota6sium  bromide, 
alkaline  sulphates  and  carbonates,  which  is  fished  |      The  d^nring  of  the  potaasiam  bromide  takes 
ottt  from  the  pans  and  sold  as  *  kelp  salt  * ;  on  j  place  at  4(r  or  6(rC.,  not  above  (to  avoid  deerein- 
co<tling,  a  crop  o!  pi  f  i^sinm  eiilorido  is  obtained,    tafir.n),  on  plates  of  stoneware  or  of  shcet-ircn 
The  latter  can  bo  brought  up  to  upwards  of  90  i  covered  with  a  very  hard  laoquer  or  with  enamel. 
p.c.,  and  formerly  about  2600  or  SKX)0  tons  of  |     The  German  manniaetaro  of  potasritun 
it  wn-  made  per  annum  ;  but  the  development  of    bromide  amounts  to  about  120  ton?  per  annvmi. 
the  St-irtafurt  industry  has  nio'stly  compelled  the   half  of  which  is  made  at  Schering'a  works  at 
iodine  manufaotnrers  to  give  np  the  separation  |  BerUn.    A  similar  or  largiv  quantity  is  made  in 
of  the  potassium  .salts  in  the  pure  stat^,  and  to    America,  and  nni(  h  more  COUld  be  obtained  if 
utilise  the  rough  mixture  of  those  salts  for    there  were  (ieiiuuid  fm  it. 

agricultural  purposes.  j      The  apfilication  of  potassium   l>romide  ia 

Potassium  chloride  from  hrrt-root   viiuiJi/tc.    restricted  to  medicine  and  photography. 
This  product,  which  always  contains  potassium        Potassium  iodide  KI.    There  are  many  ways 
sidphatc  and  foreign  salts,  is  deserib^vl  further   for  preparing  this  salt,  but  on! v  iIk  foQowing 
on,  under  Pottuh  from  beet-root  tincuse.  i  processes  axe  use<I  for  manufacturing;  purposes. 

'  1.  meayut  nf  pota^mn  h/dnmde.  Tb»  re* 
Potassium  bromide  KBr  can  be  m  l.  in  u  tl  n is. fiKOlT -  fil  'KT  bKIOs+^HoO.  The 
Varioiia  ways,  always  starting  from  the  bromine,  potassium  iodate  on  ignitii^  yields  up  it,s  oxygen 
obtained  io  America,  in  Scotland,  or  at  Stassfurtk  j  and  is  converted  into  iodide,  but  as  losses  are 
Otdy  two  of  these  prooenes  have  come  into  caine*!  by  decrepitation  and  volatilisation,  it  is 
priu:tioa1  use.  ;»referred  to  add  some  rar!K)n  in  order  to  re*luce 

The  first  consists  in  dissolving  liromine  in  a  i  the  itxlat^. 
•Jolntioii  of  potaasitiin  hydroxide,  which  <»u^rht  to         The  potaF^'nm  hydroxide  ought  to  be  na " 
be  as  pure  as  possible,  evaporating  tho  solution,   pure  a;*  possible  ;  most  of  the  impuritit^  of  the 
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comnuircial  product  would  enUir  into  the  icKlide, 
and  cuuid  not  bo  removed  Irom  it  bv  crystAlUsa- 
tfamt  owing  to  the  ffroAt  Mlnbility  oi  im  iodido. 
Hence  it  is  preferab|«  to  st^irt  with  the  pura»t  |  r 
Gamble  potassium  carbonate  .such  as  is  6Up{)lii;<l 
in  the  cryetBllued  form  to  flint-glass  nuikere,  or 
^t  mndf  by  calcining  potuHsiuni  bicarbonate. 
The  car^uate  is  causticised  in  the  usual  manner, 
employing  pure  lime,  and  iodine  is  intvodnocd 
in  mum  quantities  into  the  boiUjutUqnor  nntil  it 
has  been  exactly  neutrali«e(L  The  solution  is 
t'vajx>raU'd  to  dryni's-s,  adding  to  it  in  the  syrupy 
state  some  buupblack  or  charooaL  pceviottuy 
trettted  with  hydroehlorio  sold  nod  thonnigfaly 
Wiushe<l  witli  water,  to  the  amount  r  f  '.  of  the 
iodine  present.  The  dry  masa  is  gradually  in- 
troduced into  an  iron  pot,  heated  t«  redness, 
where  it  is  brought  to  fusion,  keeping  the  pot 
oovered  in  onier  to  prevent  the  iodid«  from  vola- 
tilising. When  completely  fused,  the  mass  is 
ladled  out  and  is  dissolved  in  Wftier ;  the  solution 
is  filtered  and  is  ersporated  to  about  1*82,  when 
it  crystallises  on  cooling.  The  evaporation  is 
best  performed  bj  heaUog  the  solntion  in  porce* 
lean  oidies  on  a  sandbath,  Imt  not  to  boUing  heat, 
the  more  concentrated  liquors  being  farthest  from 
the  fire^ud.  A  hood  protects  each  dish  from 
diist,dxaaght»fte.  In  tUa  way  very  good  eiyRtahi 

are  obtained. 

The  cryataltf,  after  drauung,  arc  dried  on 
enamelled  or  lacquered  iron  plates  in  a  current 
of  hot  air.  If  the  ssU  is  ceqoired  to  have  an 
opaque  appeRTftnce,  the  temperature  is  ulti« 
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120'  or  130°C. 


2,  By  iiuatis  o/  irtm.  A  solution  of  ferrous 
iodide  is  prepared  by  digesting  3  parts  of  iodine 
with  1  p  u  t  f  iron  borings  and  about  8  of  water. 
The  soiution  is  liltered  and  one-third  of  the 
otiginal  Quantity  of  iodine  is  dissolved  in  it  with 
the  aid  of  heat,  m  that  it  now  contain'^  a  forroso- 
ferric  iodide,  Fe«I,.  This  solution  is  now  mixed 
in  a  porcelain  or  enamelled  iron  veasei  with  a 
boiling  solution  of  pure  pota«Ium  carbonate, 
and  the  boiling  is  continued  until  the  precipitate 
of  ferro3<j-forric  oxide  has  become  den.He,  whero- 
upoo  it  is  separated  from  Uie  solution  of  potas> 
smn  ioAde  by  tttratiott.  The  teaotion  is : 

.  Fe,I,-f4K,CO,=8Kl4-Fe,04-|-4CO,. 

The  lollowing  niodifioation.  by  liebig,  dis- 
penses witii  the  MOW  solntion  of  ioflSne  in  fsrroas 

io<lide,  and  the  troublesome  frothing  in  the  last 
reaction,  owing  to  the  escape  <^  carbon  dioxide. 
A  soliition  is  made  of  12  parte  iodine,  3  iron, 
and  32  wnter  ;  to  thi^  is  added,  without  previous 
filtration,  a  solution  of  0  ports  iodine  in  12  parts 
osustic  potash  Uqnor  of  spugr.  1-345,  and  ulti- 
mately 9  parts  of  the  same  caustic  liquor.  The 
mixture  is  boiled  for  some  time,  filtered,  evapo- 
tmted  to  dryness,  whereby  a  little  ferric  hydroxide 
is  separatefl,  re-dissolvea,  filtered  and  brought  to 
crystallisation  as  above.  The  produet  is  ez> 
tromely  pur>\  free  from  iodate,  and  the  yield 
almost  theoretical. 

3.  Bv  meant  of  euprovs  iodide.  Sometimes 
conf<ider:»blf>  quantities  of  cnprniis  iodide,  con- 
taining from  6<»  to  M  p.c.  of  iodine,  are  shipped 
from  Peni.  This  is  converted  into  p<)t«8sium 
iodide  by  washing  it,  HUflponding  it  in  water 
nciditiwi  with  a  little  sulphuric  acid,  passing 
in  anlfdknretted  hydrogen  until  ail  the  copper  han 
been  precipitated,  adding  enough  solntion  of 
^odino  in  potassinm  iodidB  to  dasteoy  the  ^ 


of  H  S',  M  p  ii  vting  the  solution  of  hydriodic  acid 
(containing  a  little  finely-divided  stilphur)  from 
the  precipitate,  nentnlWng  it  with  potaaaiom 
!-icrirhr,iiatf\  rvapnmting,  separating  the  .sulphur 
wluch  has  now  U'coiue  globular,  and  bringing  to 
crystallisation. 

Nearly  all  thr  pota.sf^ium  iodide  manufactured 
is  employed  in  medicine  and  for  photographical 
purpofies.  For  the  former  purpose  it  is  reqnived 
to  be  entirely  free  from  chloride. 

Potassium  sulphate  K^SO^  is  obtained  as  a 
by-product  in  several  manufactures  which  are 
deeoiibed  elsewhere  j  thus,  in  ttie  working  up 
of  beet>ioot  vlnaase  (4^.  Pokmivm  cathemale, 
p.  358).  and  in  that  of  kelp,  where  it  h  separated 
as  '  plate  sulplmte,'  coutaioing  from  76-83  p.& 
K,SO«,  with  9-21  p.c  Na,SO«,  aome  KQ  and 
other  salts  (p.  lijO)  U  is  also  contained  in 
the  ashes  of  plants,  and  hence  is  present  in  com- 
mercial potashes ;  on  purifying  these  it  is 
obtained  as  a  by-product,  easily  separable  from 
the  carbonate  on  account  of  the  great  difference 
in  8<)lul>ility. 

The  bulk  of  the  potassium  sulphate  found  in 
trade  is,  lKvwever»  made  either  fram  kainite^  or 
by  the  decompoaition  ct  potasahiin  cUoride  wUHi 
solphuric  aoid. 

Very  large  quantities  of  potassium  ralphate 
are  found  at  Stassfurt  and  Knlnsz ;  not,  how- 
ever, in  the  isolated  form,  but  principally  in  tluvt 
of  kniniie  K,S04,MgS04,Mga„6H,0,  always 
mixed  with  sodium  chloride,  oaleiHm  sulphate, 
&c.,  so  that  commercial  Iminite  contains  at 
mo.st  70  p.c.  of  the  pure  tniin  ;  il.  A  very  large 
number  of  processes  iiave  been  invented  for  jpre- 
paring  potassium  sulphate,  eitlier  from  luunite 
or  from  mixtutes  of  magnesium  sulphate  (in  the 
shape  of  kieserite)  and  potassium  cliioride  or 
carnallite.  In  most  cases  an  intermediate  pro*- 
'lurt  made,the  ninsnesium-potassium  sulphate, 
KjbU^.MgSO^.OHjO,  wliich  occasionally  occurs 
among  tlie  Stassfurt  minerals,  ac^  has  received 
the  name  of  *  kalimagnesia  *  or  '  artificial 
schoenite.*  From  this  potasfdum  sulphate  is 
prepared  with  com})arativt  facility,  but  at 
present  it  hardly  pays  to  do  so,  at  least  in 
a  fmfBdently  pure  state  for  tihe  manvfactare  of 
potiu^.^ium  cnrfmnato  ;  hence  nearly  all  the  latter 
is  made  from  sulphate,  obtained,  with  {ratassium 
chloflde  and  .sulphuric  acid  {v.  infra),  or  from 
vinaF!«e,  while  the  s(  ho.: nite  is  sold  as  a  fcrliliser. 

We  give  here  a  bhort  synopsis  of  the  more 
important  processes,  which  are  described  in 
detail  in  Pfeiffer's  Kali-Industrie  (Braun- 
schweig, 1887),  p.  349  el  «eq.  The  figures  put  in 
brackets  are  the  numlx  rs  of  the  nerinan  po tents. 

1.  PrcfMtraium  0/  artifcial  schocniU  (kaU' 
mng7iesta)  from  btinile.  Boraehe  and  Bifinjee 
(D.  R.  PP.  lon  ie.  1 102s.  10701. 12876, 177fl5)  pre- 
pare  a  cold  Huturated  solution  of  kainite and  em- 
ploy this  for  extracting  fre.-li  kaiiiite  at  a  tempe- 
rature of  80°.  The  Hr.lution,  which  show^^  the 
Bp.gr.  1-337,  is  claritied,  and  on  cooling  yields 
a  crop  of  sohoenite ;  the  mother-liquors,  which 
are  rich  in  ningncRium  and  sodium  and  pota.H- 
sium  chloride,  generally  enter  into  the  n\anu- 
facturo  of  potassium  chloride  fn  in  caniidlite. 
ThiR  process  in  ootuaUy  at  work  on  a  largo  scale, 

Diipr6  and  Hake  (D.  R.  P.  6063)  tvsat  finely- 
ground  kainite  with  a  cold  saturated  solution  .  if 
magnesium  sulphate,  at  20^  or  25''('. ;  this  carries 
away  mftgr*"""  and  sodium  oUaride,  together 


Digitized  by  Google 


852 


POTASSIUM. 


with  otu'-third  of  tht*  potash,  two-thirds  of  the 
Utter  remaiaiag  behiad  as  schoeoite.  The  dis- 
«olyed33p.e.  of  potanh  isalaopftrtiftlly  reoorerad. 
This  proces«3  is  also  >it  work,  but  not  on  a  vcn." 
large  aoale;  the  employment  of  magnesium 
mdphato  nuunt  it  ratiwr  more  «zpoiiiiT»  than 

the  procerling  one. 

H.  aud  11.  Gruneberg  (D.  R.  FP.  10751. 1SU47) 
oxbraot  the  kainite  by  &  hot  solution  of  schoenite 
or  of  sodium  ohlonde;  on  oooUng  achoemte 
crystallises  out. 

Precht  iD.  R.  PP.  10«37,  13421,  19150)  troat-s 
kainite  with  water  <a  j^vioaa  liquors  at  120**- 
14S^»  viider  a  8fceam>pfe«nue  of  2-7  stmosphetes, 
with  mechnnical  stirring,  in  a  very  ingeniously- 
constructed  apparatus,  which  permits  a  mechani- 
cal separation  of  the  double  salt  formc-<  i  from  the 
solution  ixnrl  from  the  resiclunl  r.ick-sait.  The 
double  salt  formed  in  this  way  Ua^  tho  formula 
K^O«,2BfgS04.H,0,  and  is  converted  into 
schoenite  by  agitation  with  a  small  quantity  of 
water.  This  process  is  also  at  work  on  a  large 
scale. 

Similar  processes  are  those  of  Loefaaz  (D.  K.  P. 
20223)  and  NahoBon  (D.  R.  FP.  10772.  24744). 

Dupr6  (D.  R.  P.  03237)  works  iip  mixtures  of 
kainite  and  svlvinite  (75Ka+25Na(;i)  by  treat- 
ing thorn  with  a  hot  solution  of  kainite,  vhon 
almost  pure  K,S04,MsrS04,6H,0  crystallises  out. 
The  same  inventor  (D.  R.  P.  88.072)  p?is.«e9  am- 
monia gas  into  a  solution  of  kainite,  ><'[>arates 
the  precipitated  Mg(OH)a,  and  again  treats  with 
ammonia,  whereupon  the  whole  of  the  potamium, 
in  the  case  of  pure  kainite,  crystallises  out  as 
IL^O^f  or,  if  NaQ  is  present,  as  pure  potassium^ 
aodinm  sulphate,  KaNafSOi)}.  Tho  ammonia  ia 
recovereri  f-  ,  .in  tho  lust  ]i<iiior  by  treating  it  irith 
the  magntrsid,  jirevi  iuslv  <il)triin«d. 

The  Wi-sterenf^lii  Alkali  Works  (D.  R.  P. 
50596)  bf'il  ffroutid  k.iinitowith  the  last  mother- 
liquor  from  tho  manufacture  of  potassium 
cmoiidei  containing  30  p.o.  l^dtt  thoa  prodooing 
varions  salts. 

The  schoenite  thus  obtained,  which  is  entirely 
used  for  agricultural  puqwaos,  has  tb»  following 
average  con:  position  : 

Potassium  sulphate  .       .       .  48-52  p,c. 

Bfagnesium  aulphato  .       .       .  ^2  „ 

Wator  3-12 

Sodium  olil*iride       .       .       .  1-5 

OypBum  and  inaolnUe  matter   .  0-2-6 

Several  prooea-scs  for  prcparina;  Hchoenit*.' 
from  potassium  chloride  or  oaruallite  and 
Ideserite  (BruDjes.  B.  R.  P.  11 :  Ferher,  D.  R.  P. 

506S  :  (^.riinrbprg,  T).  R.  P.  oOOT  ;  Wr^tfi'.-r,  In. 
D.  R.  P.  27404)  need  not  bo  (Jescribed  here, 
because  they  do  not  seem  to  b<>  profitable.  The 

pi  in>''tp:i !  ri">artinn  t akin 7  placo  is 

■1 M-SO 4 -r^KCl  - K,S0,.MgS04+  Mr€U  ; 
or  bettor 

4MgS04-f6KCl=2K2S04.MK,S04f  2Ka,MgC]i. 

Special  processes  for  recovering  schoenite 
from  waste  liquors  aro  thosr*  nf  R.  r;,  iinc^orj: 
(D.  R.  P.  10753),  Bemharrli  (D.  R;  PP.  1US21, 
12493),  Vowtor  and  OrOneberg  (D.  R.  P.  2«772). 

U  is  now  a  flx<';l  rule  of  fr  i  t.«  that  'orvst  i1 
IL^cil  '  iKjtAssiuin-rnaviiosium  Bulpliate  is  to  con- 
tain 41  or  42  p.. .  Mi  l  'calcined,'  48  or  50  p.c. 
lea]  potassium  Kol))hat<>. 

2.  Knbierschky  (1>.  R.  P.  a»pl.  K.  29S03) 
makes  nse  of  the  faot  that  a  aolntlon  of  mag> 
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cesium  sulphate  (kieserite),  when  appropriately 
diluted  by  water  or  KQ  solution,  on  addition 
of  solid  KQ,  at  a  temperature  of  85%  does  not 
yirh!  schoenite,  but  at  onoe  a  precipitate  of  potas- 
sium sulphate. 

Sanger  (D.  R.  P.  190500)  describes  a  process  fov 
obtaining  potassium  sulphate  from  the  mother- 
liquors  oi  the  manufacture  of  putaHsium  cLdorsdo. 

3.  Preparation  of  ■poUustum  sulphate  from 
•ehoenitt.  This  can  be  done  by  simply  mimiiig 
a  saturated  hot  solution  of  sonoenite  upon  dry 
powdered  potassium  ohlorids.  Th«  rsaot&oa 
theoreticallv  is  :— 

K,80„MgS04+8KCI-2K,SO«+Ka,MgCl,. 
but  practit-aUy  twice  the  theoretical  quantity  of 
schoonite  must  be  taken,  half  of  which  remains 
in  solution.  I  hc  potaarinm  chloride  is  rapidly 
changed  into  sulphate,  and  this  is  separated 
from  the  liquor  by  centrifugal  force,  taking  care 
that  the  tempSKatoie  does  not  fall  below  40"^. 
Below  this  temperature,  first  potassium  chloride, 
then  schoenite,  and  at  last  camallite,  crystallise 
out.  The  reaction  can  also  be  hioutrlu  about 
by  digesting  cnrstaliised  schoenite  with  a  cold 
saturated  sdntton  of  notassium  chloride,  best  of 
all  in  a  set  of  Teasras  methodically  combined 
with  one  another  {Precht,  1>.  R.  P.  14534), 

Schoenite,  or  a  mixture  of  potassium  chloride 
and  magnesium  snlphate,  can  also  be  converted 
into  potassium  sulpiiate  by  heat.  Superheated 
steam  (Sprenger,  D.  R.  P.  279C5)  acts  only  very 
partially,  but  the  addition  of  carbon  <in  th^e 
shape  of  small  coal,  brown  coal,  Ac)  causes  the 
ri  -  iction  to  proceed  to  its  t  nd  by  somewhat  com- 
plicated stages  (Precht,  D.  R.  P.  15747 ;  Leopold- 
shaller  Fabriken,  D.  R.  P.  31148).  Townaend 
(D.  R.  PP.  10041.  20307)  hejits  a  mixture  of 
potassium  chloride,  magnesium  sulphate,  and  alu- 
minium silicate  in  a  muffle  f  umacc  m  the  presence 
of  steam.  This  inofliod  has  liccn  further  workod 
out  by  the  Asclier»lel)<'iier  Werk.  in  1663,  aad 
soems  to  be  successful.  Hans  Miiller  ignites  the 
mixture  of  KCl  and  MgSO^  with  ferric  oxide 
(D.  R.  P.  32325).  Dupr6  and  Hake  produce,  by 
meaiii:  if  linu>  or  uypsuni,  a  double  stdphat4>  <if 
potassium  and  calcium,  which  is  decomposed  by 
igniting  or  by  redissolving  (D.  K  P.  8021). 

Nearly  all  the  potas'^lum  sulphate  made  frnin 
schoenite,  &c.,  in  nmi  for  agricultural  purposes. 

In  aQ  procr^ses  for  manufacturing  potaariiun< 
magnesium  sulphate  (schoenite)  or  potassium 
sulphate,  a  great  deal  of  trouble  ia  caused  by 
the  large  quantity  of  mother-liquor  and  the  losa 
of  potassium  chloride  from  that  cause.  When 
this  motlier-liquor  is  boiled  down,  various  salts 
are  obtained  whii  h  must  In-  utiliseil  a?  best 
possible,  usually  in  the  shape  of  fertilisers. 
mAidivm  ofum  is  also  obtained  from  such 
mothcr-liqnnr'5. 

4.  Preparation  of  potn^sium  fivlphaU  by  dc- 
compofiinff  pokuHwn  chloride  u-ith  ^f^vrie 
acid.  This  process,  altogf^ther  analogous  to  the 
first  ^<tage  of  the  l/eblanc  soda  procea?.  was  first 
carried  out  by  Mt^rs.  Vorflt<T  and  GriineberR 
in  1863,  near  Cologne,  and  in  186S  at  Staaaiurt. 
About  the  same  time  (1864-1869)  it  was  intm. 
Iiiced  in  North  nerniMuy,  France,  and  Englonil. 
This  way  of  producing  potassium  suipbate  is 
nearly  alwayw  employed  when  the  prodnot  has 
to  be  converted  into  carb'T  .tp 

The  raw  materials  are  ( 1 )  potatusium  chloride 
of  high  strength  of  the  Stassfurt  manufacture  or. 
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as  f&r  as  it  goes,  that  from  the  working  up  of 
▼inasso  whiofi  almdy  oontains  from  8  to  12  p.o. 

of  sulphate,  together  with  u  littlu  carfionat©  (p. 
35b).  Ckmrse-grained  8alt  is  prcferrLil  to  muddy 
orlninvy  ttlt.  (2)  Sulphuric  acid  of  .s}).L;r.  1*67, 
genorafly  made  ut  the  same  works.  Tliis  is  a 
lower  ^treu4(tii  than  tliab  prefcrr^  for  duuum- 
posing  sodium  dikwide,  iniem  the  seaotion  is 
not  so  violciit. 

The  deoomiiosition  of  potasdom  eUofidB  is 
so  closch'  iikiii  to  that  of  sodium  chloride  that 
we  can  refer  in  most  respeots  to  the  article 
Soonm  SALTS.  The  fornftoet,  add- conden- 
sers, Ac,  are  the  samo  in  both  casee.  We 
must,  however,  make  the  following  renuirka  con- 
cerning some  peculiarities  of  the  potash  indostry. 

The  *  decomposing  puns  '  (pots)  are  exactly 
tiiiuilar  to  those  uticd  lot  common  salt,  so  are 
the  furnaces,  of  which  all  three  descriptions,  as 
emnloved  lor  common  salt,  are  in  use  here  as 
weu.  Bnt  whilst  in  the  case  of  sodium  chloride 
the  *  close,'  or  muffle  furnaces?  arc  coti.siderefi 
the  bost,  owin^  to  the  better  condensation  of 
hydrooUorie  acid,  many  potash  maonlMrtiaxers 
prefer  '  open  — that  is,  reverb<^rator%' — furnaces, 
a  higher  temperature  U:iug  required  for  'Iceum- 
posing  potassiiim  sulphate  and  the  work  Ixing 
done  nnich  more  quiukly  (l)y  one-third).  Un- 
doubtedly thf  heat,  furnace  for  this  work  is  Mac- 
tear's  continuous  revolvhig  fomaos  as  used  at 
Kalk  near  Ck>logne. 

The  ordinary  decomposing  pans,  which  in 
England  produee  from  15CKJ  to  20(K)  tons  of  salt 
cake  before  they  are  worn  out»  serve  only  for  half 
or  tiro>thiids  trot  quantity  with  potesdom  chlor- 
ide. At  Stassfurt  they  employ  thin  pans,  2} 
ins.  tluok  throughout,  which  laist  only  for  250- 
500  tons  of  potassium  sulphate,  l^flgd's  fire- 
brick pans  (D.  R,  P.  4207)  do  not  seem  to  have 
answered. 

The  charges  arc  from  6  to  10  cwt.  of  potas- 
sium chloride,  and  the  corresponding  quantitv 
of  sulphuric  acid,  which  must  ne  varied  accord- 
ing to  the  vaiyin-j;  ^trenpth  of  the  chloride.  The 
chloride  coming  from  the  vinasse  works  contains 
carbonate,  which  must  be  taken  in  account. 
With  tmifne  furnaces  the  work  is  considered 
sudicicntiy  good  if  1  to  2  p.c.  KCl  and  2  to  3  p.c. 
*  free  '  SO,  is  left  in  the  sulphate.  Each  charge 
lake<>  about  an  hour  to  finish. 

With  revcrberatory  furnaces  the  undecom- 
po9edKC!lisonlyO'0tol-6p.e.;  the'frce'SO, 
1  to  2  p.c. 

With  Macteer's  furnace  the  Kalk  works  pro- 
duce fmni  22\  to  25  tonn  of  potassium  sulphate 
in  M  hours  I  the  product  contains  only  0*7  to 
lO  p.o.  KG,  and  as  much  free  SO,  (that  is, 
bisufphato).  The  condensation  of  the  liydro- 
chloric  acid  is  very  good,  05  p.c.  cuf  the  theoreti- 
cal quantity  being  recovered. 

Theoretically  100  parts  KjSO,  n>q\iiie  85-« 
of  pure  KCl  (corresTKjnding  to  a  vield  of  1 16-8  of 
the  former  from  100  KCl),  aud  15  01  80^=^ 
76'27  acid  of  Bp.gr.  1  -67  ;  and  the  HCl  escaping  ' 
riiould  be  41-84  parts  =138  parts  hydrochloric 
acid  of  321  \>.v.  Practically  with  Ii.umI  furnaces 
3'6  to  5  p.c.,  with  mechanioai  furnaces  1  p.c, 
exeesi  of  sulphnrio  add  must  be  taken,  or  even 
more,  if  a  minimum  of  undeoompcsed  KQ  has 
to  be  guaranteed. 

The  yield  of  sulphate  is  almost  equal  to 
theory,  tlio  small  unavoidabje  loss  being  made 
Vol.  IV.— T. 


up  by  matter  mechanioaUv  taken  up  from  the 
fumiun^  flue-dust,  ftc  The  qualiiy  has  been 
mentioned  above. 

The  following  is  an  analysis  of  good  com- 
mercial sulphate  mads  from  98  p.o»  potasainm 
chloride : 


K,S04  . 

Ni^O*. 


95-00  p.c 
0-50  „ 
I  SO 


SO4H,  .  .  l-84p.c 
CaO,Al,0„regO,0-81  „ 
Insoluble  .    .  0'86  » 


The  yield  of  hydrui  hi  i  i  ;-  ucid  is  usually  only 
70-75  p.c.  of  the  theoretical  one  with  revcr- 
beratory furnaces,  fiO  pkC  and  upwards  w^ 
muffle  lumaees  or  the  Jones  and  Wsbh  faroMS^ 
95  p.c.  witli  Mauteoi's  continuous  furnace 

The  wages  per  ton  of  sulphate  are  from  6-6 
to  7-2  marks  (including  the  condensation  of 
hydrochloric  acid)  for  hand  furnaces,  but  only 
one-half  or  even  less  for  Mactear's  furnace. 

The  fuel  used  amounts  to  9  cwt.  of  good 
Westphslian  cos!  with  muffle  fnmaeee,  or  4>6 
cwt.  coke  and  3  cwt.  coal  for  reverberatory  fur- 
naces. With  Maotcar  furnaces  there  is  no 
saving  of  feel,  since  it  is  necessary  to  provide 
steam  for  thr  pn^ne  turning  the  furnace. 

Potassium  aluminium  sulphate  {Poiath  alum) 
(c/.  Alum). 

Potassium  carbonate.  Impure  potassium 
carbonate,  commercial  '  pot-ashes,'  nas  been 
known  from  very  ancient  times.  Aristotle  men> 
tions  its  preparation  by  the  incineration  of 
rushes,  Dioscorides  by  that  of  argol.  Kunkel, 
in  the  .'•e\ent<-enth  century  of  our  era,  proved 
the  identity  of  tiiese  two  products.  Tb» 
Romans  employed  them  in  medioine  end  for 
soap-making  ;  the  latter  is  eren  now  the  most 
important  outlet  for  that  article,  as  soft  soap 
cannot  be  made  with  8o<la.  Otherwise  soda 
tentis  more  and  more  to  displace  the  more  ex- 
pensive pot^h,  uud  hixa  done  m  in  the  manu- 
facture of  hard  soap,  in  that  of  glass  (partially 
even  in  that  of  flint  glass  and  Bohemian  crystal), 
and  more  recently,  to  some  extent,  even  in  some 
nianiifai  tnri-.->  which  formerly  seemed  to  be  o.ily 
possible  with  the  use  of  potash,  as  that  of 
chxomatee,  chlorates,  and  lerrooyaaides.  la  the 
manufacture  of  oxidic  acif!  from  sawdust  causlie 
potash  is  also  considered  iudispensalile. 

Leaving  aside  such  methods  as  cannot  be 
cla»8e<l  among  manufacturing  processes  (such 
OS  the  iuciucration  of  argol  or  wine-lees)  with 
or  without  potasrium  nitrate,  we  may  enumer- 
ate the  following  commercial  souioes  of  potas> 
sium  carbonate 

1.  Miwrnl.  (a)  From  pota.H.sium  chloride aUd 
sulphate  by  Leblanc's  or  other  processes. 

(6)  From  felspar  and  other ^rochs  containing 
potash. 

2.  Vegetable,    (a)  ir'rom  wood  ashes. 
{b)  From  beet-root  mohiswM  (vinasse). 

(c)  From  kelp  or  varec  (very  unimportant). 
.3.  Animal.    From  the  *  suint '  of  f  lu  ep'a 
wool. 

Polagsimn  carbonate  (or  camtic  potash) 
manvfaelured  from  the  chloride  or  sulphate. 
All  pn^ccsses  startint^  from  this  base  are  of  very 
recent  date,  and  only  that  imitating  the  LoLlanc 
soda  process  hss  acquired  great  importance.  In 
1861  Messrs.  Yorstcr  and  Cruneberp,  of  Kalk, 
near  Cologne,  commenced  working  up  potassium 
sidphate  (which  at  that  jperio<l  was  a  by-product 
in  worUng  up  vinasse  cmder»  lees  valuable  thao 
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ohloride,  and  difficult  to  get  rid  of)  by 'the 
Leblanc  process,  and  thia  industry  has  gr.uluaily 
spread  over  other  parte  of  Germany,  which  is 
the  principal  aeat  of  that  industry.  In  England 
the  i>.'ijlatjc  procet-s  m-chk  to  have  been  attemp- 
ted ultii  potash  about  iH^'i  or  1864,  but  it  wa« 
only  somowhat  later  employed  for  maldng  oom- 
merciul  oarb<)natc.  a?id  ha8  not  gainf<!  :iny  irrcit 
extension  there,  in  France  it  yuan  introduced  in 
1873,  at  Crdx,  near  Ulle,  and  at  other  works  in 
the  North. 

We  bhail  now  enumerate  the  principal  pro- 
oewee  for  ooanniaotaring  potassium  carbonate 
itom  chloride  or  sulphate,  omitting  those 
whioh  have  been  originally  proposed  for  e^oda 
irithout  special  adaptiitioti  to  potash. 

(1)  From  chloride,  wUhout  pofaing  through 
mdphale.  The  ammoma  prooem,  which  is  of 
SttOn  import  an  r  for  the  inuuufacturc  uf  si>dn,i8 
not  applicaUe  to  potash,  because  the  solubility 
of  pofeaarimn  biMrbonate  is  too  great.  An 
nttorapt  to  overcome  this  by  working  in  an 
aioohoiio  solution,  by  GrouaiUiers  (D,  R.  P. 
10688),  was  entirely  unsuooMsful. 

A  very  iiigonioua  proofs?  is  that  of  Ortlieb 
(D.  R.  Pr.  oTUii,  y376, 133y7),  replaciiig ammonia 
by  trimethylamine,  which  is  obtained  by  a  certain 
(xtDatment  of  beet-root  vinasse  (c/.  below).  The 
great  solubility  of  trimethylamine  hydrochloride 
admits  of  .separating  the  pot;i3aium  bicarbonate  ; 
Gold,  pressure  aud  agitation  promote  this  object. 
The  teaetion  ie  t — 

KCa-fN(CH,),-fCO,+H,0 

The  limited  supply  ol  the  roagunt,  its  high 
pnct,  it.s  e.xtremdy  unpleasant  smell,  are  draw* 
backs  to  this  proooss,  which  otherwise  seems  to 
have  worked  well  in  the  experimental  factory  at 
Croix,  where  it  WM»  however,  pven  up  ailer  a 
short  time. 

Engel  patented  the  foflowing  prooem  (D.  R.  P. 

1521s )  : — Sii.'spending  magnesia  y<v  natural  nia^- 
nebite  in  a  solution  of  potassium  chloride,  and 
passing  in  carbon  dioxiiw  under  pressuie,  when  a 
doubli!  t-arboiiato  of  pnfiissium  and  matrnr«-inm 
is  precipitated,  which  can  be  decomposeii  into 
the  single  salts  by  heating  or  dissdviag  in 
watev  t 

3MgCO,+2Ka + CO.-f  H,0 
»fB|gOO«,KHC03+MgCl,. 

The  recovery  of  magnesia  from  the  chloride 
uuuld  have  presented  ditiiculties,  but  there  must 
have  been  others  as  well,  for  the  works  started 
at  Stassfurt  were  soon  stopped.  Delsol  (D.  R.  P. 
39903)  patented  an  addition  to  Engel's  process. 

The  nmgne.sia-potash  process  has  l)een 
worked  out  more  successfully  in  another  shape, 
principally  by  Pirecht,  and  is  now  carried  out 
on  a  large  scale.  This  process  starts  from  the 
fact  that  trihydrated  magnesium  carbonate, 
treated  with  KQ  and  CO,,  forms  MgCl,  and  solid 
soflqni.-,irbonat<',  and  that  the  latter  <  ,m  be 
transformed  into  .solid  magnesium  carbonate  and 
a  solution  of  potas.sium  carbonate.  The  first 
and  principal  part  of  the  process  IS  represented 
by  the  eqiifttion ; 
3(.MgCO,.3H,0)-f2KCl+CO, 

8oUd.  Liquid.  <;as. 

-»  2(M-CO,.KlIC03,lH/>)  +  MgCl, 
Solid.  Liquid. 

I4roe*kihi  gases  (30-35  p.c.  CO^)  are  passed 


into  a  solution,  saturated  at  20^,  of  strong  potaa* 
slum  chloride  (95-97  p.c),  made  into  a  paste 
with  tri-hydratod  magnesium  oaxbonate  with 
application  of  a  series  of  vessels  and  mechanical 

agitation.  Tin-  .■^uliil  flculih^  !-alt  f"riiioii  in 
separated  by  suction  from  the  mother-iiquur, 
and  b  wadied  with  a  solution  of  MgCOj.  until  it 
rontains  no  more  than  01  or  0-2  p.c.  CI.  The 
mot hi.-i  liquor,  containing  a  large  quantity  of 
MgCOj  aud  KCl,  is  utiused  in  various  ways. 
The  solid  potas.sium  magnesium  carbonntc  is 
treated  principally  bv  the  1>.  R.  i'.  r)07stj  of  the 
Salzbergwerke  Neu-BttSsEnxli  which  consista  in 
lieating  it  under  pressure  in  agitating  boilMS  to 
140'',  which  produces  the  reaction: 
2(MgC03,KHCO«,iH,0) 

bolid.  _^  _ 

2MgC0,+B:,C0,+9Ht0+0O, 

Solid.  liquid.  <;a««. 

The  MgCO,  furmed  anuj^orouii  aud  leactij  too 
slowly  to  be  re-emfdoyed  in  the  first  stage  ;  it 
i^  either  sold  as  such  or  (xm verted  into  anhydrous 
MgO  by  calcining.  Modifications  are  d<^cribed 
in  1».  U  PP.  55182,  125987,  143408,  143596, 
143M>9.  U1408,  1414a8»  143594, 144142, 155007, 
172313. 

Acconling  to  T).  R.  P.  143409,  the  potassium 
magnesium  carbonate  is  decomposed  by  water 
at  HO"*,  yielding  K,CO,  and  a  crystalline  form  ol 
MgC0g,311 .0,  which  is  used  over  agnin. 

A  tluid  process  is  described  in  D.  K.  P. 
172313.  The  potassium -magnesism  carbonate, 
Rtirn-d  up  in  wnter,  is  decomposed  at  A(f  by 
ludguf-sia  (hvdrated  or  anhydrous),  yielding 
solid  MgC0„"3H,0  and  a  solution  of  K,COj. 

Sometimes  the  first  process  b  combined  with 
the  RiBOond  or  third,  commencing  the  decompoM- 
tion  iiy  t!i<>  latter  and  finishin;^'  it  hy  \\w  fir.^t. 
Aootlicr  modihcatioa  is  described  in  D.  R.  F. 
135829  of  the  Deutsche  Solvaywerfce,  1673f{4, 
188504. 

in  1885,  Borsche  and  Briinjes  patented  the 
pr(Kiu(  tion  of  carbonate  from  chloride  or  sul- 
pha t<  by  tnrans  nf  animonium'inSgnCSinin  CWt- 
bonato  and  carbiMi  dio.viUe. 

Wittjen  and  Cuno  (D.  R.  P.  10107)  employ 
zioc  compounds  in  lieu  of  magnesium  Oompounda 
for  a  similar  process. 

Scheolo's  process,  treating  an  alkaline  chloride 
with  MAofK^has  been  repeatedly  attempted  with> 
out  practical  success.  It  has  been  apjdied  to 
potaf-h  b\  thL-  Sm  it'tt'  am-nvme  Lorraine  indvs* 
trielle  (D.  E.  P.  23701),  and  by  D.  C.  Knab. 

Gilehrist  Thomas  (D.  B.  P.  30800)  treats 
alkaline  cMoridcs  in  tho  phnpp  of  blocks  in  a 
heated  converter  with  jtuj  %ron,  containing  litUe 
carbon,  but  upwards  of  4  p.e.  silicon,  ui  a 
stream  of  hot  air  and  sup*  rhcatt d  steam. 

Wagner,  in  1805,  proi>t>iMxl  procipitating 
potash  by  hydrofiuosilicic  acid,  and  deoomposuiig 
the  potassium  fluosilieate  by  lime. 

Several  invrntK>r«  utilise  the  slight  solubility 
of  ixjlaanium  bitarlrate  (GoMenbeiu''  and  binnx- 
alaU,  Bohlig  decomposes  the  latter  by  mag« 
nesium  carbonate.    None  of  these  procenses  is 

pl-n,  f  i.  :..Mr. 

The  decomposition  of  alkaline  chlorides  by 
the  fjfulrante  current  has  been  frequently  attemp- 
tci].  Tliis  process  has  been  applied  to  carnallite 
by  Wnllheim  (IX  R.  P.  ird2t>);  at  Aschcrs- 
leben  it  was  to  be  tried  <»n  a  large  scale  with 
machines  of  120  h.*p.   The  Griesfattm  Chemical 
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Company  at  Frankfort  have  curried  out  tho 
dcctrolyticul  tuanufacturo  of  caustic  potash  and 
chlorine  from  ntrung  potuetdum  chloride  with 

great  oucttfs,  aiul  on  a  very  largo  ei;ali',  tor  pome 
years  past,  but  it  is  uot  kuowa  by  what  apeclnl 


(2)  From  auljJirtfr.  Tjeblatu  ' •  prociT-s  will 
be  described  buiuw.  It  has  beua  extended  to  a 
<lircct  treatment  of  schoenite  by  Vonter  *nd 
'■fiincbcrg,  atul  Pi\cht  (in  1SS5)  pvon  patrnttnl 
a  direct  addiUou  ol  luuguctium  suiphuto 
to  the  potMiimn  sulphate  employed  for  that 
piDceaa.  aemm  (18^)  ami  I'rt-.ht  (ISoS)  de- 
compose sohoonite  by  hi  .itiiig  with  coal,  whuru- 
uprm  a  mixture  of  magncaia  and  potaftsium 
iiulphide  is  formed,  whioh  is  treated  with  moist 
ewDon  dioxide. 

Of  the  proccs.ses  in  which  compounds  of 
batiam,  stroutium,  aluminium,  &o.,  fUao  alu- 
niniiim  phosphate,  an  emplnj'ed  for  detiom- 
pr.:in>,'  alk.diiir  Hulphatcs,  we  mention  only  the 
process  of  JuuuHHch  (D.  R.  P.  51224;,  in  which 
potttwhun  8ulphat4>,  obtained  by  a  special  pro- 
from  kaiiiili',  in  boiled  with  h'nely  ground 
uitUvu  buriuni  C4i.iix»nate  (withorite).  As  the 
native  mineral  and  no  carlwnic  acid  are 
employed,  the  decomposition  is  sure  to  be 
incomplete. 

E.  Pfoitlor  states  (Zcit*ch.  f.  Chem.  8,  1338, 
1375)  that  be  decompoied,  for  some  tim«!,  potas- 
siora  sulphate  with  barium  carbonate  on  a  large 
scale.  \V.  Bramlcv  has  patented  the  name  pro- 
cess in  a  slightly  modified  form  (l^n£.  Pat.  1050, 
1886), 

Dupr6  (D.  R  P.  47037)  niiTe'^  sohitionH, 
saturated  at  0°,  of  cquivuieut  quanlittes  uf  putas- 
•inm  sulphate  and  Hodium  carbonate  (containing 
85  grama  NajCOa  and  130  gramn  K  _,S{),  per  litre), 
and  cools  down  vci y  catttiuu&ly  bt;iuvv  U  ,  passing 
a  stream  of  CO,  into  the  liquid  ;  or  else  140  grams 
sodium  bicarbonate  +140  grams  potassium 
sulphate,  dissolved  in  1  litre  water,  are  cooled 
down  to  —  r°,  when  200  ^/tams  of  CIauliLr'.s 
salts  orystoUiso  out,  which  are  separated  from 
the  eottition  of  potnssitini  bioarnonate  by  a 
centrifugal  maohine.  At  ■  10"  the  .separaflmi  of 
Qlauber  a  salts  is  more  complete,  hut  theu  the 
ptocpss  is  interfered  with  by  the  formation  of 
••ry>)hydratr«.  A  ftirther  patent  (1).  R.  P. 
u21()3)  ctiutiiini)  important  improvements  of 
the  ]irocc'ii8. 

Vogt  and  Figgo  (D.  R.  P.  31075)  mnvort 
alkaline  sulphates  into  a  porous  form  by  iiiixjng 
them  with  silica,  clay  .magnesia,  or  lime,  cal- 
ciiiii)&  and  mousing  into  small  pieces.  These 
are  introduced  into  upright  iron  cylinderH,  in 
wJiir  h  th'-  ■>nlphate  is  tir.sl  eoinfi tetl  into  Mil 

Sle  i)y  the  action  of  carbon  monoxide  at  a 
ht-red  heat,  earbon  dioxide  being  given  off, 
then  min  carbonate  by  the  action  of  carlK)n 
dioxide  and  steam  at  a  lower  temperature. 
These qjrlinden  are  comUned  to  a  set.  Into  which 
carbon  monoxide  is  passed  nt  orti^  enri  and 
hydrogen  sulphide  pattse^  out  at  the  otlter  end. 
Toe  cylinders  are  diischargcd  from  the  bottom  ; 
the  mass  is  lixiviated,  and  the  pt>ronH  sulMtanee 
employetl  over  again.  This  process  was  to  la' 
trie<l  on  a  large  scale  at  tho  Ascher.'^lohen 
works;  it  does  not  seem  to  have  been  sue- 


Kaysor  (Anu-r.  Pat.  n2n2r)n)  conv*  il**  alkaline 
sulphates  into  carbonates  by  a  roixtuiu  uf  equal 


vdnmee  of  CO*  and  CO  at  a  low  icd  heat; 
SO,  cBoapcs,  and  is  utilised  lor  conTerUng 

chloride  into  hulpbate. 

Riirncr  (IX  R.  PI'.  60533,  ()7;V20,  ()7780)  di.i»- 
solves  potassium  sulpliate  (or  schoeoito)  and 
potasstnm  diehiomate  In  water  at  60*  or  8(r  and 

neutralises  e.xactly  with  milk  of  limSiy  whcieby 

the  foiluwing  reactioi»  is  produced: 

K,S044-K.Cr,U,-f  Ca(OH), 

a2KCK}4+CU30«+H.O. 

The  precijdtated  girpsiini  is  roniuveJ  hy  filtra- 
tion, the  remainder  of  it  by  precipitation  with 
potassium  carbonate,  or  by  evaporation  in  tvend 
at  80°.  Tho  solution  of  potassium  eliruniate  is 
concentrated  by  evaporation,  cooled  <low'u  and 
treated  with  C0|,  whereby  iiotcssium  dichromate 
and  biearhonato  nrp  prodnettl.  The  former 
crystalliiics  out  and  KHCUj  remauis  in  eidution. 
By  boiling  this  down  to  45<*.(S0^  B^,  COt  escapes 
and  K,C0,  is  obtained. 

At  the  Buckau  Chemical  Works  (Fischer's 
Jahresb.  1894,  409),  kainite  is  treated  with  suU 
phurio  acid,  the  escaping  UCl  being  condensed. 
I%e  solution  ia  decomposed  hy  milk  of  lime, 
separatfd  from  tho  gypsum  f^irmed  and  treatetl 
with  barium  sulphide.  After  romoi^ug  the 
barium  sulphate,  the  sbhitioB  of  sulphides  ia 
derom})ORcd  hy  carlK>n  dioxide  (converting  the 
jH,8  given  oti  into  sulphuric  acid) ;  the  alkalis 
are  converted  into  hicarhonfttee  and  the  sodium 
hiearhonate  crystallises  out  on  cooling*  leaving 
potassium  bicarbonate  in  solution. 
<i  P<4(ta»km  tarboncUe  by  the  Leblanc  process. 

This  procr.oj!  ron.sistis  in  fusing  pota»<sium  sul- 
phate with  oaicium  carl>onate  and  cool.  Both 
the  ihtorf  and  the  practical  execution  of  this 
process  are  exaetly  !iki  its  original  application 
to  soda,  to  which  wv  mu.sL  refer  for  particulars,. 
This  also  holds  good  for  the  furnaces,  lixiviating 
apparatus,  boiling- down  pans,  Ac.  We  shaU 
here  point  out  only  thom  matters  in  which  the 
potash  |i!oiess  di tiers  from  the  soda  process. 

The  uotofisium  sulphate  is  ueaciy  alwavs  tliat 
obtMned  by  decomposing  potasnum  cnloride 
with  *>ulphuric  acid.  Tliat  obtaiucd  from 
schocnite  is  too  light,  and  is  easily  earned 
away  hy  the  drangiht.  Without  damaging  the 
proce^H,  some  achoenite  may  be  miaced  with 
the  KjSO*. 

The  furnaces  ate  slmoKt  exactly  like  black - 
ash  fumaceH  ;  tho  oiUy  difforenee  is  that  tho 
hearth  iy  nwido  a  little  *  dished  ' — tbit  ii^,  with 
a  deprci-'.Hion  <jf  2  inn.  in  the  centri- — to  eounter- 
act  the  tendency  of  the  melting  mass  to  pene* 
tmte  into  the  hearth  and  raise  it  up. 

Thr  usu  d  mixture  is:  100  |H_itaj«tium  buI- 
phate,  80  to  90  liuiostone,  and  40  to  50  coal; 
out  on  jitarting  a  new  furnace  the  proportion  ox 
limestone  and  coal  is  sf>mcwhn1  iii'  reased  until 
the  furnace  han  attained  its  full  lieat.  Small 
halchea  (of  2^  to  3  cwt.  sulpha  to)  are  finished 
in  }0  (,»  50  minute.s,  largo  hatches  (up  t  *  '  wt. 
sulphate)  in  about  75  luiuutcH,  so  that  tiure  iH 
no  advantage  with  the  latter;  On  the  contrary, 
iimall  ba tehee  are  more  enKily  w(<rk(  <l,  and  ttie 
furnace  sufTers  less  ;  there  i:-  als<»  less  viilatilisa* 
tion  of  polas.siuni  compound.-i.  I'sually  tlurly 
l>at<  liL-s  of  3  cwt.,  or  thirty  tivo  of  2^  cwt.,.  i;f 
sulphato  are  turned  oot  in  24  honrs. 

Touard.s  the  end  of  the  operation  fl.r  fiis'iu^ 
raasii  becomes  thiuuer  than  with  soda  ;  the  end 
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nf  the  operation  is  at  hand  when  tho  evolution 
uf  •  camilcii '  begins  to  diminish  slit'htly,  where- 
tt|loa  tba  batch  must  be  drawn  out  Ht  onc-c.  The 
tcniperaturo  rises  from  700^  »fc  the  bcgnaing 
to  OOO  C.  at  the  end. 

<  ''Kxl  blac-lv  ash  from  potash  Khoxild  contain 
40  to  45  ^c,  potasnum  oarbonate  (oounting  the 
hydroxMe  an  raeh),  and  not  above  0*5  to  1«8 
und<  (;umj)os<  d  sulphate,  and  0-5  ttj  at  m(>st  IH) 
sulphide.  The  iem  limeatone  and  cual  are  uiied  in 
the  first  Bta|>«  the  leaa  eatutie  it  oontaina  Qyanide 
is  formed  fimn  the  nif  rdtrtii  of  the  coal,  Bometiroes 
to  euch  ;m  e\t«'nt  that  the  recovery  of  ferro- 
cyanide  is  a  payiiiLT  ])riiLcm  German  Ooal  yidds 
Usn  cyiiiiiiie  thiui  Kiiulish  (Newcastle)  coal. 

iW  parts  of  )K»ias-jium  siilphatc,  with  an 
average  proportion  of  liroestoofr,  yield  from  157 
to       parts  of  black  ash. 

Tho  black  ash  is  left  to  cool  for  1  or  2  da^s, 
and  is  broken  up  in  smaller  pieces  than  with  ' 
aoda  (aay,  not  nbnve  4  inf^.  diameter).  The 
lixiviation  taken  plai  •  pre<  i^ely  as  with  aoda.  j 
For  earli  ton  of  1)1  lek  ash  to  Vk?  lixiviated  in  ' 
24  hours  there  should  be  vat  8pace  amounting 
to  from  260  to  350  cnbio  feet.   The  water  i« 
itscrt  in  summer  without  heatinc;    in  winter 
about   3U"^C.  ;    the   '  ntruug   vat '   should  be 
about  40°  to  The  strong  liquor,  as  it 

is  run  off,  tcsti*  from  3rr  to  WTw.  ;  the  Hveraec 
is  42'^Tw.    It  is  greenish  yellow,  sometimcii  with 
a  r<?ddi»h  cast.      It  contains  all  the  same  im-  I 
parities  as  soda  tank-liquor.    Ffeiffer  quotes  the 
loUowiui;  quantities  found  in  two  aamplcs,  cal-  , 
cnUted  upon  100  parts  of  KJOO^  (4-KrOH) :  , 


tho  ptilphato  may  '  salt  nut'  even  at  60"^' w.,  and 
this  takes  place  in  any  case  above  77°Tw.  up 
to  12:{^Tw.,  at  which  point  nil  the  hulphate  will 
have  been  removed.  That  part  which  ia  pre- 
cipitated in  the  pans  during  cvai)oration  woald« 
in  bottom-firetl  pans,  produc  e  m  ly  inronvenient 
crusts  unless  it  were  constant^'  removed  by 
*  fishing.*  This  can  be  done  most  eonvmieiitl^r 
with    boat-pans    or   by  The! 


in  s  niee 


a 

Potassium  tulphate  .  3-27 
f,  sulphide  .  3-17 
„  thiosulphate  1-72 
silicati*        .  1-98 

Total  sulphur  (as  K^4)  9*0 


4-34  partes 
2-35  .. 
301  „ 
2-24  „ 
11-3A  „ 


There  is  also  aluminate,  ferrocyanide,  ferro- 

Hidphi'le.  A  (\  The  frtn/.--7/rt^<^  ought  not  to  con- 
tain nl)o\f  (>'2  to  0'3  p.c.  of  soluble  potassium 

Carix  'liate. 

Hy  directly  evaporating  the  tank-liquor  to  j 
dryness,  and  calcining,  a  yellow  or  n^ddish 
potiuili  is  obtained  whieh  niust  be  purified  by  , 
redisaolving,  brinnng  again  to  divness*  and  cal*  i 
cituni?.   It  is  decidedly  preferaUe  to  twhontUe^ 
tho  tank-l''(iifirH  exactly  as  is  done  with  .soda 
liquors,  whereby  the  hydroxide  and  sulphide  I 
are  converted  into  carbonate,  and  the  ferrous  I 
sulphide  is  ])recipitated.    This  can  be  danr-  hy 
gaseous  carbon  cUoxide  in  the  maimer  described  ' 
for  soda,  or  very  advantafeooiily  by  means  of  ' 
pota.osium  bicarbonate,  ' 

The  etnporntion  of  the  li(|uor  lakes  place  in 
pans  heated  by  tho  waste  (ire  of  the  black-ash 
lumacft  either  from  the  top  or  tbe  bottom.  Pans  . 
fired  from  the  top  suffer  less,  and  the  evaporation  ' 
takes  place  more  quickly  than  with  bottom  heat, 
which  requires  about  twice  the  heating  snrface ; 
still,  bottom^fired  pans  are  generally  preferred  in 
potash  works,  becau.se  the  liquor^  are  less  con- 
taminated with  aOf,  8oot,  conl-H;the.>4,  &c. 

The  evaporation  can  be  carried  on  with  good 
liquors  to  77'Tw.  before  any  sulphate  '  salts  out.' 
At  this  point  the  liquor  is  run  oil  into  coolers, 
where  most  of  the  sulphate  is  precipitated  in  a 
imidiK'  form,  together  with  n  little  K./"0^2H,(). 
With  inferior  liquora,  coutaining  mucii  sulplmte. 


hnnical 

fiUiins-pans.'  In  the  caee  of  tup-tired  pans  suoh 
deposits  aro  hannleas,  and  hence  at  some  works 

they  employ  bnttom-heat  up  to  77*Tw.,  «od 

top-heat  above  that  point. 

The  potassinm  sulphate,  precipitated  both  in 

the  pans  and  by  coolinp;  the  licjuor,  i.^  lirained, 
freed  from  adhering  liquor  by  culd  water,  and 
used  over  again  ia  the  black-ash  furnace  ;  this 
is  an  advantage  over  the  Lehlano  &odft  process* 
where  the  sulphate  remains  with  the  soda- 
ash,  and  is  thus  lost.  W  hen  using  coal  con- 
taining much  nitrogen  it  pays  to  extract  the 
potasttum  lerrooyatude,  wimli  is  found  together 
«ith  the  sulphate.  The  depo'iit  i.s  for  this  pur- 
pose dissolved  by  water  and  eiteam  to  s^.gr. 
66|Tw. ;  tile  solution  is  clarified  and  run  into 
coolen^,  where  the  ferrocyanide  crystallises  out. 
It  is  purilicd  by  re-dissolving  to  60°Tw.  The 
yield  IS  generally  below  1  p.c.  of  the  carbonate. 

The  finiahing  operation  takes  place  in  a  cal- 
cining furnace,  similar  to  those  employed  for 
soda,  but  always  connected  with  n  cast-iron  pot 
or  a  wTought-iron  pan,  »et  at  the  end  opposite  the 
fireplace,  for  utilirang  the  waste  heat.  In  those 
pans  the  liquor  is  broufiht  to  at  least  123^Tw., 
and  sometimes  to  the  state  of  paste.  In  tbs 
latter  case  the  fttmac»*bed  ia  made  level ;  when 
intended  for  liquor  of  123Tw.  it  mti.st  he  made  to 
slope  down  from  the  working-door  to  a  depth  of 
0  or  G  inclie.s.  In  any  case  the  furnace  must  Ixs 
brought  to  a  bright-red  heat  before  charErins:  it 
with  fresh  liquor  or  postf^,  so  that  a  crust  is 
formed  at  once  on  the  bottom,  and  there  ia  less 
tendency  for  the  liquor  to  penetrate  into  tho 
fuiim(  c-l)ed,  which,  of  course,  must  be  made 
with  tho  greatest  care,  exactly  like  that  of  a 
hlaok-aah  iumace.  Ihe  new  crusta  lormiog  at 
the  snrfaoe  must  be  worked  down,  and  when  the 
whole  nias.-j  is  dry  it  must  1)c  detached  from  the 
brickwork  and  bioken  up  by  means  of  the '  rake ' 
and  the  *  paddle.*  In  the  interval!^  of  working 
the  ma«is  the  heat  is  raised  bv  flostnp  the  <l(»or 
and  stirring  tlie  iire  until  the  surface  shows  just 
incipient  fusion,  but  not  above  this  point.  W  licn 
the  mam  has  been  brought  to  a  red  heat  throutzh- 
uut,  and  into  the  stote  of  a  uniform  powder,  it 
is  drawn  out  an<l  is  left  to  cool  on  an  iron  plate. 
With  liquor  of  123'Tw.,  four  or  five  batches  of 
5  or  6  cwt.  of  potash  ean  bo  turned  out  in  24 
hours.  It  is  important  to  avoid  any  interrup- 
tions of  work,  whidi  nearly  always  produce 
cracks  in  the  briclrwork. 

With  carlionated  liqxior.^  a  single  calcination 
furnishes  a  marketable  prodtict  containing  85  to 
02  p.c.  carbonate,  10  to  2  sulphate,  2*6  to  0-5 
cWoride,  and  a  little  insolulile  matter.  Thi  is. 
however,  fre([uently  refined  by  rcdissolvuig  it 
with  the  aid  of  Steam,  in  tanks  proMdcd  with 
a  suspended  .'-icve  or  with  a  roechanieal  stirrer, 
to  a  titreiigth  of  110"  or  112°Tw.,  and  allowing 
it  to  settle,  when,  on  cooling,  most  of  the  sul- 
phate crystflllises  out.  Tho  clear  liquor  is  fur- 
ther concentrated  to  123°Tw.  in  the  pans  behind 


Digitized  by  Google 


POTASSIUM. 


367 


the  calcining  famacM,  and  in  calcinc<l  with 
speuial  care.   This  reflnod  product  containM : 

PoUflnliini  cailNniate) 

from  08  to  96'6  p^o. 


8*5 

2-  6 

3-  0 


M 


0-0 

0-4 


n 
»» 
•» 


(hvfln.xide,  i»ili- 
cate,  alumiuaU*) 
flodhim  carbonate 

PutaMmum  chloride 
Potjuwium  Bulphnti^ 

The  quantity  of  hilicato  and  ulujuiiuitc  is  vury 
■light.  Phosphate,  which  alwayii  occun  in 
potaah  from  vegetable  sources,  is  abiient  here 

Hydrat«i  pntatmum  eaihonaU.  For  eonie 
|iur|>''>4<  s.  cHpr^'ially  for  flint-glaHM  making,  fiotash 
eatirely  free  from  sulphftle,  bat  ooiit«iniiig  12  to 
IS        of  water,  ia  numnfaoiiired  wm  foUowH. 


way,  Ih'  n'^sr-rts.  HO  to  00  of  thri  pntnnHium 
confiiincil  in  ftUpitr  \ti  lecovcrtnl  i\H  Hiilphnte. 

Herstfiti  (J.  Ind.  Kng.  Cheni.  Hill,  420) 
{uH«M  felHpnr  with  calcium  chloride  and  n  like 
quantity  of  ralrium  carbonate  in  revolving  fur- 
naccN ;  pntHMMium  clilorido  cscapeH  in  the  Ktate  of 
vapour,  while  <-cnieiit'  clinker  remaiiiB  behind. 

4.  Potash  from  won/i-iuhfg.  Thia  wm  for- 
mutIv  th'-  oiilv  hourrc  of  j>< if m  fii rl >< »nato 
on  a  large  i»eale.  About  the  middle  of  the  laat 
century  it  lout  muoh  of  itR  importance  through 
the  rise  of  thr  vinn«MP  indnstrv  ;  and,  Bim*e  the 
manu!u<  lure  of  pota-'-^iiiin  carbonate  by  Ia;* 
blane'g  proOeM  ha-s  innn-  and  more  extended, 
that  m«<lc  from  wood-ashes  ban  rorre«pof)<Ii;i;.'ly 
receded  uiiu  the  biu:kground. 


,  .    1.     1     ,  .    /      -  —  -  " —   '** 

Orrhnary  carbonnt^-  ih  di.MHolvrd  to  a  utrcn^h  ..f   re^„it  very  much  to  »w  deplore<l,  for  the  ready 

1421' w.,  or  even  above  this  •  the  solution  iti   sale  formerly  obtaine<l  fur  potash  from  woo*i- 


allowed  to  oool  and  settle,  which  causes  nearly 

all  th**  Hiilphnto  to  Heparatc.  The  flciir  liquor 
is  evaporated  tn  Hat-l>ottom(Hl  piiiin  Ut  the  Htate 
ol  a  thick  paste;  the  tire  is  now  <lrawn,  and 
the  raatiH  in  cfinftantly  stirred  till  it  ban  been 
converted  into  a  ('oarse  powder.  It  Ih  le»«  dcli- 
qucflcent  than  calcined  potanhefl  ;  its  cumpoai- 
tion  approaolies  th'^  formula  iC|(jOa,2HgO* 

3.  PoUuh  from  frhpar  nn4  othtr  roekt.  The 
rcco%-<  rv  "f  potanh  frrim  I'x  kn  contdiiiing  it 
in  htrge  quantitiee  (sometimes  up  to  14  p.c 
K^OK  whiohunflonbteclly  by  their  fleeomporitlon 
havf*  fiirniiihe<i  all  flu;  pofawh  existing  in  the 
soil,  and  hence  iittiirccliy  that  obtaine<i  from 
vegetaMe  and  animal  Hourcex.  has  been  attempted 
by  a  ntinilx'r  <»f  chemiots  for  many  ye^rs  paft 


formerly  ootameci  lur  pt 
ashes  led  to  the  devaHtation  of  forestM  at  an 
alarming  rale.  On  the  othi*r  hand,  it  iH  a 
fact  that  iu  some  localities  the  only  use  to  be 
made  of  timber  is  its  oonvw^rsion  into  ashes,  and 
oxtr.n  (ion  of  potash  therofr«>m  ;  but  fh<>  jJa' on 
whcio  tluM  can  hf*  oalletl  in  any  way  a  talioital 

SroccsA  are  grtdii;:  more  and  more  fcarc?. 
everal  of  the  brands  formerly  found  in  tr.i'Ii; 
have  become  extinct.  .Since  the  um  of  wuu«l 
eui  fuel  has  also  very  much  dimininhcd  during 
the  la«t  generntion  the  collecting  of  asht  s  from 
thin  source,  wliidi  were  formerly  hoM  lu  the 
potash  manufacturers,  is  now  t(M)  troublcMinie 
in  moKt  countries,  and  such  wood- ashes  are 
there  only  used  for  domestic  and  sgricQltural 
purp<MeH.   Only  some  parts  of  I'lis.-in,  'Pr.irisvl- 


without  ujiich  success.  The  most  im>miHing  ,  ytauA,  lUyrta,  (^nada,  and  the  United  States, 
oflDOONs  seemed  to  be  that  of  Ward  and  \Vvnant8,        oontinue  lo  furnish  supplies  of  oommei«{al 

in  which  tinelv-gronnd  felspar  (orthoclaHc)  ifl  I  iiot.aHhf  ?^  fni^arl  a-^h  A-c  ) 

;  :»...!  iiJL...  i  a  .  a:i  ti  I  *^  .  '       .   '  .  '. 


ignited  with  lime  and  fluorspar  until  the  mans  ' 
iijwl  frittitl.  On  lixiviation  )x»ta>!.-tium  hy<lroxide 
and  silicate  are  decomposed  by  means  of  carbon 
dioxide.  Thesilioais  precipitated, and  pntijsHiuni 
carlKinate  can  bo  oblaitic<i  fmni  tin-  soliitiort  in  a 
very  pure  form.  Both  this  and  ail  similar  pro- 
ee^^  are  quite  out  of  the  field,  sinoo  the  diaoovery 
of  thr  Hta'.'vftirt  deposit Him  opened  out  an 
incomparably  more  convenient  .Hour<:e  of  )>otaah. 


PotanK  IS  an  indispeui^able  element  for  the 
growth  of  m<iHt  plants,  an«l  hence  is  found  in 
tlii  ir  aMht-M.  Ibit  where  it  is  a**fK)ciat<"<l  with 
itiuch  silica  and  phosphoric  acid  thn  asht^  con- 
tain but  little  earbonat<>,  and  are  not  available 
for  the  manufacture  ol  po(4i«h.  This,  f'>r  in- 
stance, holds  good  of  straw-ash.  The  only  prac- 
tically impoiiatif  source  of  |K)tash  is  wood-a^h  ; 
it  is  true  that  the  aslies  of  several  hertiaoeous 


which  la,  at  •aynte,  sufficient  for  hundreds  of  plants  contain  a  irw»t  deal  mor©  off  potasshim 

years    I  come.    The  proposal  of  SpiII'T  (J.  So...    ,.,,ri,on.,t„  than  tlir  nrlit.arv  w  K.  aM  it  has 

Chem.  Ind.   1882,  I2H).  to  h«»at  li.Upar  with  actually  proposed  to  grow  such  licrbs  for 

calcium  fluoride  and  sulphuric  acid  in  ortler  to  |  tibia  manufactare ;  but  tWa  is  irrational  and 
obUin  iwtassium  and  aluminium  sulphate,  has  ^  without  anv  hope  of  siu  coss,  n»  these  quickly 
very  little  prospect  of  praf  tical  realisation.  gruwmg  pliuits  .  vhaiist  the  soil  much  more 

E.  Hart  (I  S.  Pat.  997«'..l  )  j.ri  pares  potas-   q„icl{ly  tfuin  cnn  Iw  made  up  bv  the  natural 
sium  sulphate  from  potMsium-beariuK  rooks  by  j  decomp<isition  of  the  mi  nerals  ('ompoMing  it. 
fnsing  them  with  barium  ■niphide  so  as  to  giTe       q-h,.  ff.llowine  table  shows  tlm  percentage  ol 
a  K'las-,  an<l  .  vtra'  titm  \h>-  pota^-^iuiii  from  the  !  total  ash  and  f»f  potash  in  flome  of  the  moie 
powdered  pr<Mltiot  by  a  iiiinutal  acid.  Potas- 
sium alum,  for  instance,  is  obtained  by  fusing 
I  mol.  ortlio<I(isv  with  1  mol.  barium  sulphate 
and  2  at.  ixwU,  and  tr<ut-iug  the  product  with 
folphurio  acid. 

Tbiimjwon  (U.H.  Pat.  »05106)  mixes  finely 
ground  felspar  with  an  alkaline  acid  sulphate 
and  chlorides,  say,  5  felspar,  .I  aci«l  soflium 
sulphate  and  1-B  sodium  chloride,  keef^s  the 
nizture  at  a  'rsd  heat  for  2  or  A  hours,  gnnds  it 
after  c^)oliiiL',  lixivi  i(c^  jiii'I  iltnus  the  soltttioii 
Ui  crystallis*'.  Tlui  iukI  sulplutt*-,  ai^tina  on  the 
ebbirides.  liberates  hvflrogen  ehlririfle,  which  at 
f  li>-  \\\\.'h  f<  rniM  r  itttri  i  u  f -■  up  tn  tli<-  felspar  with 
fi*rmalion  of  iK>tusnium  chloride  ;  Ihi -,  with  tlio 

NaHSO«,  forms  again  Ha  and  K«I80«.   In  this 
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Ferns  , 
Nettles 

AV  or  111  wood 


A«h, 
|>er  cent. 
3-64 


I'litanh 
per  rent. 

0-620 

2*760 
7-300 


In  Caiiadii  most  pota*ih  in  ui.kK'  from  elm, 
birch,  larch,  and  maple. 

The  potAsh  ia  contaitifx]  in  theso  plants  hi 
the  shape  of  sulphate,  cliluride,  siiiciitf,  and 
organic  salts.  The  latter,  on  calcining,  are 
oouvert«d  into  carbonate,  imrt  of  wJuoh  may  be 
converted  into  hydro^dde  on  lixiTiation  if  nme 
is  present ;  any  .«ih'oa  jirosent  will  pas.s  into 
potassium  silicate,  and  this  renders  the  manu- 
facture of  pot«ah  from  straw  quite  irrational. 
Where  s'ida  is  prf>sent  in  large  qnnntitie;^  the 
potash  obtained  must  also  bo  of  inft  rior  valup. 
Hienee  tlw  quality  of  potash  found  in  trade  is 
Tery  rarjing,  quite  apart  from  actual  falsifica- 
tions with  coal  ashes,  soda,  &c. 

The  manufacture  of  commercial  potash  is  a 
very  crude  process.  The  wood  is  burned  in  pits 
dug  in  the  earth  in  plaoM  sheltered  from  wmd. 
The  coUfctinl  ash  (hcecli-wo-'fl  n-^h  is  prcfcrnnl 
to  all  other  wood-ashes  ;  vine  stalks,  ferns,  &c., 
where  obtainable  in  quantity,  are  stiU  better) 
IP  :  id  on  a  stone  floor,  sprinkled  with  wntpr, 
anti  \\urke<l  through  until  it  is  evenly  damp. 
Sometimes  (in  Canada)  a  little  Ume  is  mixed 
with  it,  which  afterwards  cau.seii  the  formation 
of  caustic  potash.  The  damp  ash  is  placed  in 
casks  provided  with  a- false  bottom,  covered  with 
straw,  and  water  (proforahlpr  hot)  is  poured  over 
it.  After  some  time  the  hqnor  thns  formed  is 
drawn  off  by  a  phicr  h<ilc  at  the  bottom  ;  if  it  is 
about  32°Tw.  strong  it  can  be  boiled  down  at 
once  ;  the  weaker  li(|uor9  and  washings  are  used 
for  lixivifiting  fresh  ash.  The  residue,  which 
with  this  rough  style  of  working  still  contains 
much  potash,  is  a  good  manure. 

The  boiling-down  is  also  generally  a  very 
rough  process.  In  lieu  of  pans  possessing  a 
large  heating -surface  (pans  fired  from  the  top 
would  be  the  best)  osoally  circular  cast-iron  pots 
fired  from  below  are  employed,  in  which  the 
liqnrir  ia  h-.ih'd  down  to  dryness.  In  spite  of 
stirring  up  the  mass  before  it  becomes  quite  dry 
much  of  it  bums  fast  to  the  pot,  causing  a  great 
waste  of  fuel  and  a  speedy  destruction  oi  the 
pot.  In  Aiuorioa  the  mass  is  heated  nearly  to 
fednesi,  and  is  converted  into  greyish-pink  com- 
pact *  pot-ashfs,''  which  are  assorted  by  oflScial 
inspectors  iiiLu  '  firsts.*  *  secfinds,*  •  thirds.'  and 
*  unbrandablos.*  The  brown  crude  pot -ashes  are 
calcined  in  xeverbecatocy  f  umscefl^  which  causes 
the  carbooaoeoos  and  other  organic  matter  to 
burn  away,  the  hydroxi(h'  tn  he  <  irhonated  and 
the  sulphide.  &c.,  to  be  converted  into  sulphate. 
An  excess  of  heat  has  to  be  avoided,  because  the 
ma-ss  woiUd  then  fu.^i'.  and  this  would  prnvont 
the  f)rifanic  substance  liom  being  burned.  The 
rciiultiug  product  should  be  white  or  btneiab — 
the  latter  fr<»m  potassium  manganate.  A  purer 
product  is  obtained  by  diwolving  the  product  of 
calcination  in  water,  separating  tho  liquor  from 
the^  in^iulublo  substances,  evaporating  and  col* 
oining  a^ain  ;  the  American  *  pearl-ashes  *  are 
thus  nvn  Ir. 

The  rotnmon  Amfricau  '  pot-ai<h*'.-i '  arc  fre- 
quently niude  with  addition  of  so  much  lime 
that  they  contain  the  major  portion  of  the  pot* 


ash  in  the  caustic  state ;  thus  some  of  the  silicate 
is  also  roeoveted  which  would  be  lost  otherwise. 

This  potash  fuses  below  a  red  beat ;  it  is  there- 
fore only  boiled  down  until  the  moss  solidifies  on 
cooling  and  appears  in  grey,  red,  or  UaelclimipSi 
This  dciscripti*  n  of  potash  must  be  even  more 
carefully  prttiet  tyd  against  atmospheric  moisture 
than  ordinary'  commercial  potassium  carbonate, 
although  this  is  also  deliquescent.  Such  caustic 
potash  is  very  much  in  request  by  soap  makers  ; 
it  takes  le-ss  lime  in  making  their  iye,  and  causes 
less  loss,  just  in  proportion  to  smaller 
amount  of  iime«mud. 

'  Purified  carbonate  of  potash  '  is  made  from 
ordinary  carbonate  in  two  difierent  ways.  In  one 
the  carbonate  is  stirred  up  in  an  iron  pot  with 
H  or  2  times  its  weight  of  t  old  water,  and  the 
mixture  which  g'^'ts  hot  allowed  to  tool  down 
h'  fore  aphoning  off  the  clear  liquor.  The  sul- 
phate and  some  chloride  remain  hehuid,  to- 
gether with  the  insoluble  matter  ;  the  residue  is 
not  washed  (which  would  cause  the  sulphate  to 
be  re-dissolved),  bat  only  pressed.  The  liquor, 
eontaining  mostly  carbonate,  hut  also  chloride 
and  -ilii  ate.  i--  hroUL'ht  to  dryness,  stirring'  it  up 
to  the  end.  In  the  other  the  solution  is  mode  with 
hoi  water,  the  residue  is  exhausted  in  the  same 
way,  the  liquors  are  boiled  down  tn  ^p.gr.  1-50 
and  allowed  to  cool,  when  the  sulphate  and  some 
chloride  crystallise  out.  This  process  is  more 
expensive  than  the  former.  In  order  to  make 
still  purer  carbonate  for  flint-glass  manufacture, 
pearl-ashes  are  calcined  with  a  little  sawdust, 
lixiviated,  the  clear  ^uor  is  boiled  down  and 
calcined,  and  this  is  repeated  twice  over ;  tile 
last  product  is  dried  dow  n  mitil  it  is  converted 
into  granular  *  crystallised  '  cnrbonate  with  15 
to  18  p.c.  of  water. 

According  to  Chem.  Zeit.  "Rep.,  1908,  3, 
potashes  are  manufactured  from  the  stems  of 
sunflowers  in  24  factories  in  Northern  Caucaai*, 
to  the  extent  of  100.000  to  120,000  tons  per 
amium.  « 

The  potash  from  bamboo-oane,  made  in 
British  Burmah  (Bomanis,  Qiem.  JHevn,  45, 
158).  testing  S2<54  K,0.  0-98  Na  A  18*72  KCI, 
I6'9r>  SiO„  8-07  CO..  2-71  ^0,,.  MO  AUG,  and 
FejOj,  19'43  KfO,  mrtokcs  more  of  the  nature 
of  a  silicate  than  that  of  a  earbonate  (like  all 
other  potashes  made  from  grnminnreous  plants). 

The  quantity  of  wood  potash  produced  in  the 
whole  world  was  estimatra  by  H.  Griinebcrg,  in 
1873,  at  20.000  tons  per  annum.  Even  then  it« 
production  hnd  very  much  recedeti  in  comparison 
with  former  times.  The  exportation  from  Russia, 
formerly  thn  leading  conntxr  in  that  respect* 
which  in  1864  had  been  II.OOO  tons,  in  1878  hod 
declined  to  5.')40  Ions  ;  New  York,  whieh  in 
1805  exported  2ft  10  tons,  in  1873  only  exported 
388  tons.  Of  the  American  exportation,  about 
one-tenth  is  pearl-ashes,  nine -tenths  caustic 
])ot-ashe8.  At  present  the  total  quaiitity  of 
Avood  potash  annually  prodoeed  cannot  exceed 
10,000,  or  at  most  16,000  tons  ;  a  great  part  of 
this  is  consumed  in  the  countries  where  it  is 
produced. 

5.  Potash  from  heel-root  vtiMssr.  In  the  last 
staiBie  of  the  manufaetnre  of  sufjar  from  beet* 

root  a  svrnpy  liquid  is  obtained,  which,  although 
containing  a  very  large  quantity  of  sugar,  cannot 
be  brought  to  crystallisation,  owing  partlv  to 
the  presence  of  organic  impoxf  ties,  hut  ohiedy  to 
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•1 

o 
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o 
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1 
8 


1 
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alkali 
1 1  f*  ft  4^ 
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1 
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73  '>'<  S 
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7  2' 10 
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1  Peltier 
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74-2 
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o5'0 

70*2 
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4*0 
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7*0 

1  OrtUieberg, 

77-60 

— 

80-98 

77-.'iO 

2-86 

11*66 

71  Ho 

<4  oS 

1 1  38 

14  on 

74-1 

78*0 

74-1 

8-0 

18-4 
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62-6 

«2'« 

11-0 

15*5 
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80-8 
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fS 
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6B<0 
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78*77 

mi 

8^ 
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&0'84 

wn 

1  sum 

12*14 

17-44 

5-80 

BastelMT 

tuu  largo  quantity  of  salta  present.  The  latter 
oiroumstaDce  uruveuts  the  utilisation  of  such 
*  iK'el-root  molasses*  in  a  gimUf^r  \v'\y  to  cane- 
sugar  molasses.  For  a  long  timo  ilxv  Duly  way 
of  dealing  with  beet-root  mol<is*es  was  this  : 
dilntiog  tbiem  i»ith  water,  neutralising  their 
aUnBno  traction  with  sulphuric  acid,  causing 
the  liquor  to  enter  into  lucoholio  fermentation 
by  means  of  jcast,  and  distilling  off  the  spirit 
<wfaioli  IB  of  mtli«r  iiif«rior  quality).  Tl^  liquor 
remaioinc  behind  in  the  sfilN,  called  '  vinasse  ' 
in  French  or  '  schlempo '  in  German^  was  for- 
nuKiy  always  led  back  upon  the  fields  on  which 
the  •nigar-bcet  had  been  f^rown.  To  some  extent 
this  is  still  liotie  ;  uor  can  it  Ixs  dtsuiod  that  tliia 
is,  aft«r  all,  the  simplest  and  at  the  same  time 
the  most  rational  way  of  dealing  with  it,  wher- 
ever carriage  is  practicable,  fcr  in  this  way  the 
mineral  suhstancos  (especially  potash  and  pIujM- 
pboric  acid)  taken  from  the  eoU  in  tho  ahaoo  of 
beet-root  crops,  «re  ^Ten  back  to  it  in  a  wunUe 
form,  tngother  Trith  the  nitrates  formed  in  the 
plants  which  are  lost  in  every  other  process  of 
ntiliring  the  rinasse. 

On  \h>-  other  hand,  the  large  quantity  of 
potash  cuntained  in  this  liquor  has,  under  urdi- 
Bkiy  circumstanoos,  *  fnator  commercial  value, 
oven  deducting  the  expense  of  leoovering  it  in 
the  shape  of  potassium  carbonate,  than  in  that 
of  liquid  niAiiuri'.  Thi-^  was  pointed  out  abnut 
1830  Dubrunfautt  to  whom  is  due  the  in- 
ttodaetio&  of  the  very  important  industry  of 
beet-root  potash,  which,  however,  did  not  take 
firm  root  until  about  1m50,  iirst  in  the  north 
4)1  France,  and  then  in  Belgium  and  Ger- 
many. In  France  this  still  forms  the  mo^t  nsnnl 
way  of  dealing  with  mulasses,  whilst  in  Germany 
it  naa  beoome  man  usual  to  extract  the  sugar  by 
means  of  the  osmose,  the  strontin,  and  the  lime 
prooessoa.  The  strontia  process  easily  admits  of 
recovering  the  potash  in  the  Hhape  of  *  vinasse 
cinder  ' ;  but  the  dibit^^  liquids,  obtained  by  the 
oemoHT  and  the  lime  ]>ro<  n«s,  ate  usually  only 
applierl  for  m  inuring  the  tii  ids.  Pfeiffer  (Knli 
Industrie,  101)  csUmates  the  potash  contained  iu 
the  beet'iooi'jiiioa  worked  in  Germany  in  1888, 


calculated  ad  80  p.c  potassium  chloride,  at 
15,000  tons,  8000  tons  of  wliich  was  rendered 
back  to  the  fields  by  tho  factories  working  the 
osmose  and  substitutiou  processus,  whilst  7000 
tons  passed  into  molasses.  Of  the  letter,  about 
1350  tons  were  recoveced  in  the  shape  o£ 
'  schlempekohle  '  from  the  strontia  procesji,  and 
3000  or  4000  tons  from  the  factories  am  i  king 
the  moiaascs  for  spirit.  In  France  sometimes 
the  osnUMe  liqn<»  la  worked  for  potassium  nitrate, 
which  forms  60  p.c.  of  the  '  salin  '  obtained  by 
boiling  down  the  liquor  to  40"  (Dmgl. 
poly.  J.  245,  1»2;  204,  510). 

Sugar-beet  may  be  saiil  to  yield  about  1  p.c. 
o£  ixiix,  nearly  half  of  which  consists  of  potash 
(calculated  as  K^O),  present  in  the  juice  to  a 
great  extent  in  the  shape  of  mtrate  and  of  salts 
of  organic  acids,  all  of  which  on  ealcining  yield 
carbonate.  Very  little  of  it  tioes  away  with  the 
sugar :  nearly  aU  remains  m  the  molasses,  which 
contain  from  44  to  60  p.tt.  of  sugar,  14  to  18  p.c. 
other  organic  substanoea,  16  to  18  pi.0.  •alt.';,  and 
15  to  18  p.c,  water }  tll»  aah  amouatB  to  10  to  12 
p.c.  Tho  aah  is  oompoaed  as  follow*,  aooonliog 
to  Kroeker: 


Potash 

8oda  .... 
Ume  .... 

Sodium  chloride  . 
Sulphur  dioxide  . 
Car  boa  dioxide 

Silica  .... 
Phosphorus  pontoxide  . 
lime,  magnesia,  ferric 
oxiide  (as  phosphates) 


Soluble  Inadoble 


47-88 
2-34 

12-92 
1-63 

22-39 
0-85 


1-70 
0*17 
5H)8 


4-00 
0*22 
0-29 


—  0*63 


87«91  18-09 

Hadonpriem  found  in  mdaases  aah : 

Potush       .       .       .    47 -07  .51-72  p.o. 

Soda  ....     8-00  11-43 

Ume  ....     3'12  5*04 

Mr'::ncsta     .        .        .      010  01 8 

Carbon  dioxide    .       .27-94  2ii-90 

SO«,P|0»SiO|,a,FesO,     616  0*38 


»» 
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Mannfadnrc  nf  vliuutfr-ciivhr  (f^aJin, 
9chlempekohlf ).  The  viimeiiio,  a  lifiuid  of  about 
•p.gr.  l-OSS,  and  always  of  acid  t  t  action  (pur> 
posely  brought  ahnnt  for  the  >ak,-  nf  fermenta- 
tion, V.  $upra],  is  iicutraliiiKd  with  iime,  and  is 
tficri  coni  entrated  by  evaporfttioo*  Since  tho 
protitable  working  of  this  process  depends 
entirely  upon  the  economioal  evaporation  of  a 
dilute  liquid,  much  ingenuity  has  \>cvn  cxi>«^nded 
on  tho  evaporating  apparatus.  Tiie  beat  must 
aot  both  as  top  and  bottom  heat,  the  flame 
travfllinc;  betwern  two  pan.'^.  or  over  the  top  of 
a  pan  coveri'il  wh  h  an  arch,  upon  wliich  another 
pan  is  set  >  to  be  indirectly  heated.  The 
most  successful  and  mtwt  vridel%'-eraplovrd 
HV.stem  for  this  purpose  is  Porion's  fiirnacf.  in 
which  the  evaporating-Fnirf.icc;  is  laru'fly  in- 
creased by  splasoing  a^ut  the  liquid  in  tbe  fire 
gases  by  meand  of  paddle-wheels  revoh-ing  from 
400  to  SOd  tiim-s  per  minute. 

The  heat  required  for  eva^torating  the  liquid 
is  produced  partly  by  an  oidinaTy  fite,  partly  by 
the  rnmbustion  of  tlu-  orcranii- 'substance  Voii- 
taineii  ia  the  vinaasc  When  the  latter  hrus  been 
brought  to  the  syrupy  state,  My  60"'B6.,  it  is 
transferred  fn  'n  *  hf  imn  pan  on  to  the  l)ed  of  a 
revcrberatory  fumari-,  immediately  attached  to 
it,  on  which  it  is  alt'>i.'f>ther  dried,  wheieuiK>n  it 
takes  fire  and  itcieif  producefl  a  large  amount  of 
heat.  This  is  aided  by  the  nitrates  contained  in 
thi"  inaMs.  The  heat  muat,  however,  bo  »<)  regu- 
lated that  tho  mass  is  not  brought  to  fusion; 
when  fused  it  would  be  difficult  to  lixiviate,  and 
it  ■would  also  contain  lower  oxidation-products  of 
sulphur.  Tho  proeesH  is  therefore  fmishcd  when 
a  carbonaeeons  mow  has  been  formed,  a  namplo 
of  which  yicl.ls  with  water  on  filtration  a  colour- 
less solution.  This  is  the  '  .sal  in  brut'  or 
♦  Bchlempekohle  '  i  vinass«-  ( inder),  a  product 
which  was  formerly  Iarg»*ly  sold  in  this  state, 
and  employed  chiefly  for  soft-soap  and  for  the 
miinufu'  ture  of  saltpetre  from  Chilean  sofllum 
nitrate ;  it  is  now  generally  worked  up  into 
potanium  oaibonate  and  other  salts. 

The  composition  of  Tinassc  cinder  varies 
between  very  wide  linutij,  a4.-cordiag  t<»  the  soU 
on  which  the  beet  had  Iwen  jrrown.  (Jriinebenf 
(AmtUcher  Bericht  iil)er  die  Wiener  AusstcUunp, 
1,  399)  ^ives  the  following  figures  as  the  average 
oompoBition  of  this  prodnet : 

Potassium  carbonate  ,  .  30  to  3.'>  p.c. 

Sodium  carbonate      .  ,  18  to  20  „ 

B»tasrinm  chloride     .  .  18  to  22  „ 

Pota.'isiuni  >>ulphate     .  ,      6  to   8  „ 

liiaolublo  (incl.  carbnn>  .  28  to  If)  ,. 

but  the  analyses  published  by  Saucrwein, 
Oohren.  KvUmann,  Ksselens,  T>efevTe,  and 
others,  prove  th'xt  the  pmprjrtion  of  the  ingre- 

ilicnt"  m«y  vary  even  nu.n'. 

A  laiL'i"  niindii"-  of  nnalysefl  of  vina.x^e  cinder 
are  given  by  Hiuz  (Fischer's  Jabresb.  1893,  389 
et  mq.). 

In  lien  r»f  burninc  the  syrupy  vinasse  <in  the 
hearth  of  an  open  Hurfaoe,  C.  Vincent  (Compt. 
rend.  84,  2U)  ninajit.  at  »  strenfltth  of  40'*B6., 
into  iron  nii.ri-,  .mil  i  aili' ini-i-  if  w'lOt  r.in- 
dentition  of  llio  iotrned  vapours,  the  recovered 
liquids  br  inj,'  .subje<  t(;d  t/y  a  spe<'ial  treatment. 
This  extremely  in^'ini ou^  pri'if-is.  by  whieh 
trimcthyliuiunc  and  luetiiyi  oldoride  wer«  fur 
the  first  time  obtained  as  oonunetoial  products. 


together  with  methyl  ulcohol  and  ammonia,  was 
carried  out  on  a  largo  scale  at  Courrierea,  iu  the 
north  of  France,  but  has  not  extended  beyond 
this.  A  modification  of  Vincent's  process  is  that 
propobed  by  A.  ZwilUnger  (D.  R.  P.  38419),  who 
carbonises  vinasse.  brought  to  the  syrupy  state. 


in  a  retort  by  means  of  t^uporheated  steam. 

The  following  description  is  an  outline  of 
Vincent's  process.  The  cinder.  obt;\ined 
heating  the  vinasse  residue  in  closed  retorts,  is 
very  porous  and  easy  to  lixiviate ;  tl»  potash 
made  from  it  is  very  pure,  and  c'pccialh'  free 
from  uulphttte  and  sulphide.  The  gaseous  pro- 
ducts are  submitted  to  a  process  of  coadensation 
<iuite  similar  to  that  usual  at  pa'sworks;  a  Little 
tar  and  a  considerable  quantity  of  aqueous  fluid  is 
condensed,  and  a  considerable  quantity  of  ga«  is 
left  over,  which  may  be  used  for  heating  j^urposes. 

Tho  aqueous  liquid  contains  ammonium  car* 
bonate,  hydro^ulphide  and  cyani-lc,  methyl  sxil- 
phide,  metiiyl  alcohol,  trimethyl&mine,  and  the 
volatile  monobasio  fatty  add&  It  is  nentraliMd 
with  hydrochloricacid,andthegreaterproportion 

!  of  water  is  removed  by  distillation.  The  distil- 
late contains,  together  with  much  water,  roe* 
thyl  .nlcohol  and  methyl  cyanide ;  by  re-dis- 
tilling it  with  lime,  the  methyl  alcohol  can  be 
set  free,  and  cah  ium  acetate  remains  behind. 
From  100  kilos,  of  molasses  ]|  litres  of  methyl 
alcohol  is  obtHine<l.  The  original  liquid,  con- 
centrated by  dis'illatiun  nnd  allowed  to  cool, 

;  yields  a  crop  of  ammonium  chloride  (about  2 

'  kilos,  for  100  kilos,  of  molasses).  The  mother* 
liquor  (about  I  S  kilos. 1  fonfiins  principnlly  tri- 
methylauune  hydrochloride.     it  is  further  con- 

'  centrated  by  evaporation,  and  the  dry  mass  is 
subjected  to  prolonged  hcitin-^'.  At  200"  there 
begins  a  strong  evolution  of  gases,  and  at  325" 
tho  decompo!>ition  is  finishad.  The  gases 
escaping  consist  of  triraethylamine  and  methyl 
chloride,  afterwards  with  much  ammonia  ;  they 
are  parsed  t!ir<iugh  hydrochloric  acid,  whicn 
retains  trimetUylamine  and  ammonia,  whilst 
methyl  eMorlde  passes  on,  is  washed  with 
Wider  nn'l  rnUect^d  in  n  CiT^-holder.  The  liquor 
is  concentrated  to  a  boiling-point  of  140  t  ".  ;  on 
cooUng,  nearly  all  the  ammonium  chloride  cryt^ 
tani^e^  out  :inl  < riinrt!iylanitne  hydrochloride 
remains  in  tho  mother-liquor.  The  gaseous 
meth^  chloride  is  dried,  and  by  means  of  com- 
pression and  cooling  is  condensed  to  a  liquid, 
boiling  at  —  23''C.,  which  id  sent  out  in  strong 
wrougnt-iron  or  copper  druni8.  and  used  princi- 
pally in  the  roanidacture  of  aniline  dyes. 

The  theory  of  the  decomposition  of  the  dry 
( rinu-thyliinnno  hydroclJniido  hy  heat  is  as 
follows.  At  first  this  salt  is,  like  ammonium 
chloride,  dissociated  by  heat,  and  much  free  tri- 
metlivlaniine  is  volatilise'!.  7'he  .u  id  n  sidue  at 
a  higher  temperature  undergoes  the  following 
n-aetion:  N(CH  j),3Ha=3CH,a-HNH,.  This 
explains  the  final  decomposition  into  trimethyi- 
amine,  methyl  chloride,  and  ammonia. 

Kl.se where  the  recovery  of  methyl  chloride 
and  trimethylamine  does  not  appear  to  have  been 
attempted,  but  in  several  places  the  ammonia 
}■<  ■  u  i.'rdv.  !i  il  by  Viirion-  nicfhod--.  Thus 
nas\\it7.(Dingl.  poly.  J.  245, 4 hi) runs  thoviuasse, 
l  onoentrafed  to  31"  or  41®W.,  in  a  thin  jot  into 
rotl-hot  retorts.  'Vhn  '^^n^rons  produets  pa^ts 
through  u  pipe  filled  wif  ii  pieces  of  firebrick  and 
heated  outside  by  waste  Iwat ;  further  on  some 
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tar  is  contlt'ust'i!.  riih  in  pyrmlc  and  jnridiii' 
bases,  then  the  ammonia  i»  absorbed  in  siti- 
phuric  acid  ;  finally  the  methyl  aloohol  is  ton- 
cit-nsod  by  c(mling,  ami  the  uncondensed  gnsts 
arc  returned  txi  the  fire.  Each  retort  takes  a 
chsrge  of  300  litres  of  concentrated  viiiasse 
every  12  hour-  ;  thf  produce  of  4  retorts  is  : 
87*3  kilo&.  ainun muMi  sulphate,  30  kilos,  liquor 
c<3ntaituDg  amines,  4  tu  4*5  fcfloe.  methyl 
aloolu^  57  •&  kilos,  tar.  (The  process  did  not 
pay  wlwM»  the  nrioes  of  the  above  products  went 
down.)  H.  Hir/.cl  (Zeitach.  Chcm.  11.  346) 
employs  a  vacuum  apparatua  with  mechanical 
■tfarer.  Bocache  aild  Sohn  (IHngl.  poly.  J.  244. 
95)  cnrbonise  the  vinasse  with  lime  in  order  to 
increa<ie  the  yield  of  ammonia ;  they  assert 
that  up  to  80  p.c.  of  the  nitrogen  oao  be  thus 
ohtained  aa  NH,.  Similar  processes  arc  patented 
by  E.  Eniat  {ibid.  244.  86  ;  243,  413),  by  Oppor- 
mann,  by  Oaillett,  and  by  the  WaghiUuel  Sugar 
Company  {ibid.).  Lcderer  and  GintI  (ibid.) 
carbonise  vinasse.  or  the  liquurR  of  the  lime  and 


!u}t  beyond  that  strength  the  crystals  consist 

Kriacipaily  of  a  ])ota8;!iiuui-aodium  carbonate 
:,CO„Na.COj,12H,U,  together  with  tone  hv- 
drated  potassium  carbonati  .  K  ,rf)3,2IIjO.  The 
double  carbonate  is  rc-dissoived  iu  a  little  hot 
water  and  evaporated  down  to  127''Tw.,  during 
which  operation  nearly  all  the  »odium  carbonate 
separates  as  monohydratecl  salt,  ami  is  removed 
by  fishing.  The  mother-liquoi  from  this  opcra> 
tion  is  boiled  down,  together  with  the  mother* 
liquor  formerly  obtained,  and  is,  after  proper 
settlin:?,  calcined  in  a  reverberatory  furnai  i  .  It 
yields  a  crude  potassium  carbonate  coutaining : 

K,COa  ....  80-84  p.c. 

Na,CO,  ....  8-10 

KCI  ....  3-4 

KjSO^  ....  «i — 1 

KjSiO,  ....  o*2r.-o-5  „ 
K,HP04  ....  0'3-l-6  „ 
InsolaUe  ....   0'1-0'S  „ 

Baner  (D.  R.  P.  101105)  obtafau  teohnioally 

pure  pota-isiuni  carbonate  from  vinasse  cinders 


*» 

ft 
»» 


bv  heating  the  solution  to  SS^Be.,  separatuig 
the  precipitated  salts,  heating  the  pa  '    ~  ' 


osmose  proce-i.-)  in  revolving  drums  by  a  con 
tinuous  process,  the  gases  being  treated  for  the 

recoveiy  of  ammonia.  I  the  precipitated  salts,  heating  the  pariftd  mlii 

Other  apparatus  for  treating  vinas-v  are  tion  to  90^  uiifil  a  CMncentraf ion  cpf  r.2*Pc  is 
thu?>c  of  Kux  (Diugl.  poly.  J.  247,  163),  of  attained  and  aiiowing  to  cool,  whereiii>ou  potaa- 
Klauning  (ibi'l.  •IfW.  250),  of  Oontard  {ibid,  258,  slum  lodiam  oarbonate  crystallises  out  and  is 
49S).  and  of  Theisen  (i!>uL  257,  405).  decomposed  into  K,00g«IMi  Htk^COt  by  foflillg 

WorLiiij-up    of   the    innn^*e    cinder.    The  ,  and  keeping  at  50°. 
cinder  is  broken  up  into  pieoei  of  the  size  of  a  i      Part  of  the  potassium  sulphate  is  formed 


man's  fist,  or  rather  less,  and  is  methodically 
lixiviated  with  hot  water  in  the  usual  way.  The 
li<luor  is  run  of!  at  a  strength  of  23-32'Tw. 
The  black  residue  (grey  after  drying)  contains 
from  8-12  p.c.  ot  tuloMhie  salta  (partly  being 
potassium  sulphate,  p;irt1y  not  soluble  in  water). 
20-40  p.c.  carbonaceous  matter,  containing  a 
little  nitrogen,  15-30  p.o.  oaldiim  earbonatc, 
and  a  few  p.c.  of  other  earthy  matters.  The 
first  evaporation  takes  place  by  means  »>f  nteam 


fr6m  thiooyanate ;  and  this  salt  itself  is  partly 
formed  dnring  the  evaporation  from  potas- 
sium ferrocyanide  and  sulphide  as  witncHbecl 
by  the  ferrous  winhide,  always  precipitated 
together  with  the  fished  out  floda.  Thnfmrifioa- 
tion  from  iron  is  very  im]>ortant,  and  sometimes 
prumotcii  by  purposely  adding  potassium  sul- 
phide to  the  liqnoca  (a  sufficient  quantity  to 
})reci[>itat«  the  iron.  Otherwiw,  even  white 
potash  is  discoloured  on  contact  with  the  air. 


coils,  and  is  carried  to  T^-SSHTw..  tilo  concen-  !bn  ce  calcined  potaah,  when  treated  as  above^  i 


tration  being  higher  in  summer  than  in  winter. 
Most  of  the  potassium  sulphate  is  now  precipi- 
tated as  a  fine  mud;  after  two  hours'  settling 
the  clear  liquor  is  allowed  to  cool  down,  when 
imfnire  potaarium  eUoride  CTystalHsea  oat.  Ae- 
cordinn;  to  whether  the  salts  are  at  once  sub- 
jected to  methodical  washing  ur  not,  they  contain 


sufficiently  nure  and  white,  but  otherwise  it  can 
be  pnrified  by  re-dissolviug,  settling,  and  recal- 
oining.  The  analyses  given  at  top  of  next  page 
show  the  poeition  of  different  (ieflcriptiona  of 
vinaase  potiuhes. 

0.  Pninsh  from  sitint.  The  '  snint '  or  '  yolk,' 
which  forms  a  third  or  more  of  the  weight  of  raw 


lees  or  mote  potassium  carbonate,  as  shown  by  ;  shceps'  wool,  wub  proved  by  Cbevreul  to  contain. 


the  analyses  of  Tiasandier  {Warner  Jahr,  1868. 
286).  The  analysis  of  a  large  number  of  French 
samples  of  sucli  ohioride  (by  Blattner,  tmpab* 
liahed)  yielded — 

Potassium  ohioride 
Fbtasrinm  eolphate 

Potassium  carbonate 
Sodium  carbonate  . 
Water  . 


together  with  many  other  .substances,  a  consider- 
able quantity  of  potash,  combined  with  fat^  acids 
to  form  a  soluble  soap.  Maumen^  and  Bogeki 
were  the  first,  in  1859,  to  utilise  this  for  recover- 
ing potassium  carbonate  from  the  wool  used  at 


60*21  to  87*55  PC  I  '"B  P"''*''*'"™  uaruonan*  iruni  lae  wtKii  uaeu  ai. 
S'S?  *  •  ft'"' J'*^'""  Tthcims and  Roubaix,  and  their  example 

has  been  followed  elaewhere,  but  not  to  any 
Rreat  extent.   100  parts  of  raw  wool  ate  stated 

by  Maunien<^  to  yield  from  14  to  18  parts  of  salts, 
or  about  '»  parts  of  pot»UMium  carbonate  ;  hence 
Thia  product  is  principally  employed  for  con*  "  the  <«(),iHMJ  ions  of  wool  annually  imported  into 
version  into  sulphate,  and  then  into  oarbonate,  j  the  United  Kingdom  ought  alone  to  yield  abrmt 
by  the  T>!l)lanc  process.  '  3000  tons  of  potassium  carbonate,  none  of  which 


6-27 

010 

0-  40 

1- 40 


10-86 

4-67 
f)>79 


The  mother-liquor  is  further  evaporated  by 
open  fire  in  wxoaght-iron  pans  with  flat  or 
■iddle«8ha^ed  bottoms,  in  three  stages,  down  to 

I27''-142'*1  w.  Dnrim.'  cv  i|)iiratiot),  nionohy- 
dratcd  sodium  carbonatn  is  seiwiratcd,  which 
must  be  fished  oat,  and  is  purified  by  wa^ng 

and  ciit.'inincr ;   on  cooHncr  down,  t  i  07'Tw., 


is  recovered  up  to  t  he  present.  Even  at  Roubaix, 
Rheims.  and  Ell>euf,  in  lieu  of  the  1200  tons 
obtainable  from  the  wool  eonsumed  there,  oidy 
150  tons  ]M'r  annum  are  actually  recovered  ;  the 
total  production  of  suint  tN>tA.sho8  in  France, 
IVIgtum.  and  Germany  probably  does  not  exceed 
2<>O0  t.iii'.  |H  r  iiiinuin.     i'his  i-  all  the  in.irc  (o 


principally  potasMum  chloride  cryi<tallisca  out.  j  bo  regretted  as  the  j)otu.Hh  contaiuefi  iu  «uiut  in 
TIlii  la  WMhcd  like  that  obtainod  pffevaoiitly» '  the  ovdiiMty  oontae  of  waahittg  nw  wool  in  a 
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nii|COj 

XCl 

UimI. 

H,0 

Analyst 

1  — — 

1  French  potash   .       .  . 

53-9 

231 

'  ■  '■■ 

2-9 

19-6 

__ 

Pesier 

Valenciennes  potath  •  * 
Refined  pota«h  . 

79-0 

14*3 

8-0 

2-8 

_ 

GrOneberg 
Tatiook 

92-68 

3-98 

0*43 

2-45 

0-06 

0-50 

»»        »»     •      •  • 

91-22 

2-8R 

2-76 

1-92 

0-08 

0-86 

t>        »♦    •      •  • 

90-83 

2-68 

2-67 

2-62 

0-27 

0-90 

** 

%f        f»     •       •  • 

90-25 

2-62 

3-81 

2-92 

0-21 

046 

Belgium  crude  ash 

43-0 

17-0 

4-7 

18-0 

Griiiiebera 

»»            >>          •  • 

34-3 

13-0 

11-0 

23-5 

tfagdebiug  crude  ash 

32-9 

18-5 

14-0 

16-0  ' 

— 

— 

Wlgbiuel  (lefined)  . 

27-1 

18*0 

10-0 

»♦ 

94-39 

trace 

0-28 

2-41 

018 



r.  Cimningeti 

n               n        ■  . 

88-73 

6-46 

2-27 

1-01 

Keller 

•t               »i        •  • 

78-10 

13'SS 

2<31 

3-21 

S-00 

Tissandier 

n                          •  • 

81-22 

1316 

1-78 

3-26 

0-80 

•f 

fi                r»         •  • 

91-25 

4-73 

0-80 

2-61 

0-61 

running  stream  does  not  return  to  the  soO,  but 
merely  contributes  to  the  poilutioa  of  water- 
connes.  But  the  diffietdty  in  the  way  of  the 
general  adoption  of  the  !f^<  i  i\  (.ry  process  is,  that  it 
does  not  pay  on  the  small  .sctile,  and  that  neither 
producers  nor  consumers  of  wool,  in  the  majority 
ot  OMea,  will  relegate  the  soouring  of  their  wool 
♦o  a  eentral  manufactory,  where  it  is  doubtful 
whethe  r  thediileront  parcels  can  be  kept  entirely 
distinct.  It  ie  thuspref  erred  by  most  wool  -growers 
to  wash  thdr  own  wool*  and,  if  p<^ble,  to  bring 
the  waeUings  again  ujion  thrir  meadows. 

The  process  for  working  the  wool  for  suint 
potash  is  as  follows.  InBtoad  of  washing  the 
rftw  wool  first  ill  ft  ruimin:^  Btrcam,  nnd  after- 
wards scouring  it  with  &uap,  &oda,  or  putre6ed 
vrinet  the  wool  L<i,  before  the  proper  scouring 
process,  submitted  to  a  methodical  lixiviation 
with  cold  water,  either  in  a  series  of  casks  or 
tanks^,  or  in  mechanically-acting  \\asht  r'--,  for 
inatance  that  constructed  by  U.  Fischer  (Dingl. 
pdy.  J.  218.  484  ;  229,  446).  The  dilate  wash- 
ings are  always  utiliscl  f(»r  (he  first  treatment  of 
a  fresh  quantity  of  wool.  Thus  a  brown  liquor 
of  about  sp.gr.  1*1 2  is  obtained,  whioh  la  evapor- 


ated in  iron  [)an8  of  very  (lifTtjront  constmctioM 
where  the  fuel  can  be  ctliciently  utilised — for 
instanoe,  in  the  ruverberatory  furnace  of 
Werotte,  in  whic  h  the  flanu>  is  drawn  thrcuigh 
the  liquid  itself  by  means  of  an  exhauster  ;  ur 
by  means  of  discs  fixed  on  a  shaft  revolving  in 
the  boiling-down  pan.  Thus  a  pasty  maee  is 
obtained,  which  is  either  calcined  in  an  open 
furnace  or  submitted  to  destructive  distiUatinn 
in  gas  retorts,  in  order  to  recover  ammonia  and 
illmnmating  gas.  The  earbonaceoiis  reaidne  is 
lixiviated  ana  the  liquor  is  treated  similarly  to 
that  obtained  from  vinasse  cinder,  producing, 
by  fractional  evaporation  and  crystallisation, 
successive  crops  of  jiotassium  sulphalo  and 
chloride.  But  m  buiut  contains  but  little  soda 
(in  the  case  of  inland-fed  sheep  only  2*3  Na,0  to 
100  K,0,  with  sheep  fed  on  the  sea  coast  13  Na«0 
to  100  KjO),  the  crystallisation  of  the  donMe 
carbonate  of  pr>ta.ssium  and  podium  does  not 
take  place,  the  liquor  being  directly  brought  to 
dryness  and  calcined. 

Suint  potash,  if  unadulterat^'d,  in  ffict  con- 
tains but  little  soda,  as  can  be  seen  from  the 
foilowing  analyses 


From  Verviers 


Fi»t  quality 


Second 
quality 


l^ssaodler 


Werotte 


Tatlock 


.  i  71-62 

79-01 

72-26 

68-60 

64-30 

91-20 

8941 

80-57 

.  1  4-96 

6-16 

6-14 

3-20 

340 

4-30 

3*83 

2-48 

2-48 

3-03 

3-33 

210 

2-49 

0-52 

0-17 

4-75 

.  1  6-88 

6-12 

7-04 

12-50 

1(5-88 

1-97 

1-67 

4-51 

8-50 

8-00 

!        .  11-98 

6-28 

1119 

1-48 

1-56 

0'<>4 

0-06 

0-30 

.  ,  2-83 

1-20 

10.') 

•2-77 

2-80 

1;60 

4-70 

7-25 

K,CO,  . 

K,SO.  . 

KCl  . 
I  K.SH  ),  . 
I  Insolablu 
I  Water  . 

Tlio  following  analyues,  by  W.  Graff,  give  the  j  Potassium  hydroxide  (Caustic  potash).  The 
eompositiun  of  wool  potash,  made  in  Germanv—:  majority  of  soap-makers  prefer  causticisinj? 
y'''l'*l'^*''''.'!™P'^'^^^P'"R  uwn    potassium    carbonate,    as  they 

mostly  do  not  require  to  do  this  thi)r<)U<;hly. 
Still  the  manufacture  of  caustic  potash  in 
the  solid  state  Is  eartled  on  to  some  extent 


by  methodical  lixiviation  : — 

a  b 

.  31 16  75-01 

.  17-44  0-62  ? 

.    0-50  \)'\\ 

.   •    .    20<)  412 

.  .'".r.s 

.    :iir»  307 

.     1-22  1-30 

.  40-60  0-40 


K,CO., 
K.Sid., 

K,S(),  . 
KVI  . 
Na-CO. 

Hid  . 

Insoluble 


1-40 


1  -.W 

'v.Vl 
«l-74 

4-  72 

5-  77 


on  the  Ir^rpe  senle,  with  black-ash  made  by 
the  Lcbianc  prneeKs  from  potaaaium  sul- 
phate, precisely  in  the  same  maanm  as 
caustic  '^ikIi  U  made,  «o  that  wo  can  refer 
to  that  ttitiile.  In  this  place  wc  need 
,  only  ^Te  the  analysea  (by  l^tlook)  of  some 
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POTASSIUM. 


■fcmplea  oi  caustic  potaab  m»d«  on  tbo  large 


Pot4U«eiuiii  hydroxido 
Potos^iuai  CiLiinmaU: 
I'dtoHsiuni  Hnlphate  .  , 
PotoAKium  chloride  . 
PotA9«iam  nitrite 
S<j<iium  bv'iioxi<lf 
tiolnbie  tilicft  aad  alumina 
liwolaUa  matter 
Water    .      .      .  . 

Avnil.ifilo  alkali,  cnfca*  / 
latcd  aM  lv,0     .        .  \ 


Rfnviifli 
owwuv 

77  64 

76-64 

7405 

4-02 

2-54 

314 

0  38 

0-21 

0-69 

2-20 

0-93 

2-26 

0-87 

030 

0-20 

055 

0-02 

0-22 

0-60 

8*84 

17-80 

15-80 

08*33 

65-24 

64-31 

73-83 

68-28 

68<0B 

Grafi  (D,  R.  P.  88003}  prepares  potasriain 
hydroxide  from  rfn&sso  cinder.   The  solution  of 

thia  prr.(Iu<  f  is  rausticiHcd,  concentrated  by 
evaporation,  »epar4tod  irom  tiie  potaasiom  mil- 
phata  and  o|i]<tride  oryHtaUiaiD^  out  and  now 

r'fintains  only  -diiim  and  potiiKBium  hydn>xid<'M. 
The  ncccHsury  quHiitity  of  pota.Hitiuni  (^urhouitv 
la  added  to  convort  the  8<xliuui  pruaont  into 
the  douhlo  ^ilt  KNaf'f)^,  M-hich  in  removed 
by  com'ontratif)n  uud  cuolin^,  leaving  pure 
KOIl  in  aolutiofl.  Or  clso  the  potni'Hiiini 
hydroxi<lo  i»  separated  from  the  potajo^ium- 
Hodium  carbonate  by  evaporating  the  mixture 
to  <irync'M  and  eztnctiog  the  KOH  by  meant 
of  alcohoL 

N.  T.  Baoon  <D.  R.  P.  0IHH4)  employn  a  hot, 

"•f<iir(  tif  I  a( I'd  siiltitioii  (,f  jitrontia  into  wlm  h 
aolid  potaasium  carlxinuto  i*  introduced.  The 
oonTmbm  into  KOH  and  8r00«  fa  ahnott 
loatantanoous. 

Th"  Cheniiwho  Fabrik  ()rie»heim  (D.  R.  P. 
VtH'iOO)  gives  detailed  pteacriptiona  for  the 
purification  of  cauxlic  potuHli  >^"!u1hih  hy 
diffuaion.      'I'ho    Salzl>crgA»'ork  Neuntassfurt 


(B.  B.  P.  117748}  effect  Auch  a  purification  by 
fraetionated  oryetaUiaation  at  60^. 

I.  A.  Rrieh  (D.  R.  P.  161795)  prepare* 
caustic  putaah  bv  boiling  pota^ium  HUic«j- 
flnoride  with  caustie  lime. 

CryatalliHt'd  pot.iHKiuui  bvdroxiilc  ia  obtained 
by  Salzborgttetk  ><eu8ta»rfurt  (D.  It.  P.  180835} 
by  conducting  the  ooooentfatioB  oi  the  mlntion 
in  a  special  inannfr. 

Potassium  silicate.  Potawiium  siUcatc,  or 
soluble  Tjotash  gluHM,  has  npi>r(jxiinat<Jy  tin- 
formula  kaO,4SiOt.  It  ia  prepared  cxacUy  like 
the  more  oonunon  aoliible  aoda  globs,  by  fluxing 
togt  tlit  r  white  sand  and  potasfcinm  carloiiaf  f  in  a 
reverberatorv  iumoce,  preferably  with  a  iittlo 
eharooal.  which  aida  in  expelling  the  carbon 
flioxide  hv  n ducinc;  it  to  monoxide.  The  folluw- 
in^  propurtiona  are  stated  by  N.  Fuchs  to  bo 
auitable :  whit^ quarts  aand  45  parts,  conmicreial 

f>otaBhe9  30  pnrtf!,  wnnd  rhnrcoal  3  parts,  to  be 
use<l  for  5  or  ti  Ikjuii*  uulil  no  more  gas  escapes  ; 
the  product  is  58  parts  of  silicarte.  O.  t^chiir 
prescribes  :  90  sand,  62-5  potashes,  1-5  charcoal  | 
product  1 1 2-5  to  1 1 5  soluble  glass.  Some  manv- 
incturers  entploy  potaswum  Mil|ilia(<t  in  lii-u  of 
carbonate,  together  with  a  larger  proportion  of 
oharooal,  bnt  thia  prttofm  ia  much  more  difficult 
than  with  «turb'inalf.  S(  lid  jiotacHium  «»ilicato 
is  a  transparent  glass,  tinge«i  a  bluiuli  green, 
which  is  either  aold  aa  such,  or  in  the  state  of  a 
f  Iti<  k  "iolution,  prodnrrd  ))y  boiling  it  with  water 
tor  a  long  tiiiKs,  preferably  under  pressure. 
I'ir(|n<  ntly  a  mixed  silicate  of  8o<la  and  jjotnsh 
is  produced,  either  by  using  a  mixture  of  potash 
and  soda  in  the  fluxing  pmoeaa,  or  by  mixinf? 
the  solutions. 

Potassium  silicate  can  bo  obtained  also  by 
dissolving  very  finely-divided  atlica  (in  the  ahape 
iif  it'iiitrd  and  ground  flint.s,  or  of  kieselguhr,  or 
Faroham  atone)  in  a  vory  strong  aolution  of 
eattatio  potaah,  hv  prolonged  boUing,  or  in  a 
shorter  fimr  liy  bHiiiii<_'  imder  pressure.  'Chis 
prooess  is  actually  used  for  th©  manufacture  of 
Bodium  ailicate. 

Thr  fnllownntr  annlvflep,  by  Tutlock,  show  the 
composition  of  oommen.ial  potassium  silicate 


Potash  (as  silicate)  .  , 
Soda  (ditto)  . 
!  Silica     .        .        .  , 
Pota.MHium  xulphate 
Potassium  chloride 
Alumina  and  ferric  oxMe 
Water  .      .      ,  . 


Soild 

Liquid 

a 

b 



e 

d 

e 

22-91 

9 -40 

4-31 

3-49 

1-2H 

I-2S 

l-r>2 

4-20 

1-80 

2:1 -28 

24-32 

t)H7 

I -OH 

007 

O-OI 

1-48 

()»H 

0-4S 

0*41 

0*67 

3*62 

0-40 

o:j2 

7-83 

7-09 

64-66 

65-89 

73-07 

The  total  quantity  of  jiotussium  Hilicate  manu- 
factured IN  but  Hntall  ill  coiniM  1 1  oil)  with  that 
of  aodium  silicate  ;'  fdr  mixing  with  soap  it  can 
be  nearly  always  replacerl  by  tne  cheaper  aitdium 
'ill  itc.  It  in,  Ii..',v rtvf-r.  iiM  d  in  freaco  painting, 
aiwl  for  a  few  other  purjMWh. 

PoteMlom  nitrate  (Sftftfutrr.  Potas- 

Kuiiii  nitrat»'  KNO,  i.«^  fir  t  tt;'  fiti'-r  '  !  Ity  ^IcIxt, 
in  the  eighth  ca-ntury,  und  Hj^ain  i>y  tue  aiulieni* 
of  'the  thirteenth  century.     Agricola  in 


'  1546  t?ivefl  a  deK-ription  of  its  manufacture  from 
Maltpitre  earth,  wliich  docs  not  ma l«  rially  dillrr 

I  from  the  nresent  process.    The  artilictal  pre- 

I  pamtion  ot  this  aubatanco  frcmi  C^hilean  wulhim 
tiitr  itr  i-^  rt  inparalivi  lv  a  n-' I  lit  (ikx  .  -^.  "  i'l 

1  the  (irHt  iuslnnce  to  ti»eK<«'«tiy  im  n  .-eU  <i<  ntaiid 
produced  by  the  (Viniean  war,  but  thin  manufac* 
lure  llJiH  j^iiinrd  \'  i  \  laiL't^  diiii'  liM  iti:-.  and  is 
now  ntu«:h  more  iinpuil^ul  than  tlio  woiKing  ot 
natural  saltpetre  eartha. 
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I.  Manufadure  of  aaltpeirt  from  natural 
/tnltpdre  cirlh.i.  buck  earths  are  found  prin- 
cipally in  East  India,  whore  the  district  of 
TirhAt,  in  Ik>ngal,  is  the  mu8t  important  one 
in  thia  re<?pcc't,  and  whence  nearly  all  the 
natural  saltpetre  still  nuinufiic  tiimi  is  deriv/»d. 
Smaller  dcjiostits  are  fouod  in  £gypt|  Fenia* 
Huncar^-,  ApnUa,  Kentaeky,  4o.,  noM  of 
which  is  of  mon  than  local  importMioe 
now. 

Th«  mw  material  occurs  only  oocanonally  in 

real  strata  or  nests ;  it  is  mostly  a  product, 
continually  re*lormed  by  the  action  oi  almo- 
spheric  air  upon  nhrogenons  organio  matter 

in  the  presence  of  boscf:.  snrh  a?  lime,  mag- 
nesia, and  potash  (for  whicJi,  in  Peru,  nci\r  the 
sen -coast,  soda  is  subotitnted).  The  organic 
nitrogen  is  not  simply  oxidised  by  atmo- 
spheric oxygen  ;  the  process  of  '  nitrification  ' 
never  takes  place  rxcrpt  in  the  {jrcscncf  «>{ 
certain  nucrobes,  as  iirst  proved  by  Schlosing 
and  Mfinta  <C3ompt.  rend.  M,  MS ;  SR,  1018 ; 
8(>,  892),  and  oonfirmed  bj  many  aabwqnent 
observers. 

Whether  the  formation  of  ammonia  is  an  in> 
dispensable  intermediate  link  remains  an  open 
question.  The  nitrifieation  process  is,  of  course, 
moch  more  intense  in  hot  countries,  where  it  is 
promoted  by  the  abuiuiaiKc  of  orp.inic  inritter, 
and  by  the  moist  and  warm  atmoauJiere.  It  is 
always  dependent  upon  a  supply  of  nitrogenous 
organic  aubstancee,  and  haa  nothing  to  do  with 
the  direct  formation  of  idtiie  aoid  from  atmo- 
spheric oxygen  and  nitrogen  by  the  electric 
discharge.  Saltpetre  earth  is,  consequently, 
chiefly  fonnd  in  the  neighbourhood  of  villages, 
wherf  iirinc,  &e.,  yields  an  abundant  supply 
of  organic  nitrog'^n.  In  Ik^ngal  it  is  collected 
by  a  special  caste,  the  *  Sorawallahs,'  partly 
from  the  soil,  p  irtly  from  the  surface  of  mud 
heaps,  mad  cottages,  &c.,  by  scraping  off 
the  nppetmoat  layer*  which  show  a  white 
eflloieaosnoe. 


The  (oliowiiiir  analyses  show  the  com|KMitiOD 
of  some  Indian  saltpetre  earths : — 


Potaaaium  nitrate  . 

0-7 

8-3 

2-4 

Calcium  nitrate 

0^ 

3-7 

Maunehiiurn  nitrate 

0-7 

Sodium  sulphate 
Sodium  ohforide 

2-7 

14 

Calcium  .sul|)hale 

0-8 

Magnesium  sulphate 

0-2 

Calcium  carbonate  . 

44-3 

S6-6 

Insoluble  in  acidH 

40-0 

60<6 

Water  and  organic  / 
substances      •  > 

12-0 

9-4 

Ganges  mud,  according  to  Wamoford  Lock, 
containrt  H  '.i  {>.c.  putns.siuni  nitrate,  anil  3  "  p.e. 
calcium  nitrate.  This  earth  is  lixi\-iated  in 
earthenware  disluM,  or  wooden  boxes,  or  in 
pita  dug  in  tlie  ground  and  made  tii^'ht  by  a  clay 
puddle.  The  liquor  is  concentrated  in  iron  pots, 
or  sometimes  only  by  solar  heat,  and  a  crop  of 
very  enide  saltpetre  is  thii^  obtained.  The 
mother  ] iijuor  is  further  evaporated  to  obtain 
common  ^t,  and  the  last  mother-Uqucvr,  which 
contains  a  largf*  qtiantity  of  calcium  and  mag- 
nesium nitrate,  is  niDstly  run  to  waste.  Occa- 
sionally a  somewhat  snore  rational  process  is  pur- 
sued, by  mixing  wood-ashes  with  the  saltpetre 
earth  prevfouB  to  Hxiviation,  or  adding  such  ash 
t-o  the  .solution  (luriii;^  ( i iiieeiitratiOn  ;  the  potas- 
sium carbonate  of  the  wood-ash  then  converts 
the  earthy  nitrates  Into  potassium  nitrate.  The 
crude  .saltpetre,  obtained  from  the  rlarifled  liquor 
by  slow  evaporation  in  earthenware  pots,  is 
called  '  dhouah ;  *  it  contains  from  45  to  70  p.a 
KXO3,  and  isre-crystallisod  by  native  merchants, 
wlii)  hc41  it  in  this  state  os  '  kidmee.'  The  fol- 
lowing analyses,  by  Tatlock.  show  the  composi* 
tion  cl  some  samples  of  Indian  saltpetre  : — 


Potassium  nitrate 
potassium  sulphate 
IVtahMium  chloride 
Sodium  nitrate  . 
ScMlium  chloride  . 
Calcium  sulphate 
Magnesium  nitrate 
loBolalile  . 
Water 


Bengal  ordinary 

CkHonerotal  j  Bombay 

Omde. 

2 

1 

2 

* 

•51 

89  36 

72-40 

30 -on 

0-89 

0-75 

013 

«  « 

* 

0-84 

4-07 

6-66 



0-26 

• 

0-20 

0-31 

17  41 

47-43 

m  a 

019 

2-21 

•  * 

• 

1-87 

017 

2-08 

0-21 

0*14 

014 

146 

*  • 

* 

1-35 

2-90 

2-85 

7-96 

A  sample  of  the  '  refuse  salt '  left  beliiud  on 
reorystallising  the  lirst  crop  of  crude  saltpetre,  ; 
contained  8-83  K^O^,   1315  KNO.,  2114 

Accordinc!  to  Ljubawin  (Fischer's  -lahresb. 
1885,  262),  there  is  a  iai:ge  deposit  of  saltpetre 
earth  in  the  Khanat  ci  Khiva,  south-west  of 
Fort  Nukas»  of  the  fdlowiog  composition : —  ! 

Soluble  in  water  .  27-80  p.C.  I 

Soublc  in  h>drocliloric  ucul  17-14 
Carlion  dioxide        .       .  5*73 

Insoluble  in  acids     .       .  48-42 


•» 


OB'18  M 


The  portion  soluble  in  water  contains : — 

KNO,    .  .  6-62  p.C.  CaSO,   .    .   3-25  p.0, 

NaNOj  .  .  4-05  „     M^SO,  .     .    «-6n  „ 

Mg(NOi),  .  1-04  „    Total  mtrates  10-61  „ 

Naa     .  .  12-90  „  I 

Saltpetre  earths  are  found,  and  are  worked 
by  processes  quite  similar  to  those  used  in 
India,  in  some  places  in  Fenda,  Egypt,  Spain, 
Hutmriry  (near  Deljteczin)  and  elsewhere. 

An  arltjirini  Haitfuire  earth  is,  or  formerly 
was,  preparctl  in  j^ouie  European  countries 
(Hnnairy.  .Switzerland,  Sweden)  by  mixing  a 
porous  soil  contoiuiug  much  calcium  carbonate, 
with  deoaying  satiiiMfQbstaiioes;  for  instance. 
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uijca  Uie  Dttritication  process.  In  Sweden,  where 
formerly  every  landowner  wu  obliged  to  fnrnish 

to  Governineiit  a  certrtin  quantity  of  homc-miide 
Haltpotre,  all  »i<>rt8  of  unimal  refutki  was  u.-fd  up 
in  this  manner,  in  qteoial  *  nltpetre  plantations 


used  over  again  in  diaBolving  icesh  saltpetre. 
The  small  cryntals  nrant  now  be  wsshed  to 

remove  all  adhering  motli- '  li  ^  i  r  Tlii.s  is  (U>ne 
in  vogsels  provided  willi  a  jxTforuled  JaLse 
bottom,  covered  with  linen.    When  all  liquor 


About  10()  tonK  per  annum  wcr»»  made  in  .Sweden  \  has  drain*  !  f  ff.  the  bottom  tap  is  closed,  cold 
in  this  way,  but  this  process  has  been  given  up    water  is  iipriiikkd  upon  the  »ait  by  mcaiis  of  a 


as  unprofitable.  In  France,  during  the  wars  of 
the  Revolution,  when  Indian  saltpetre  was  in- 
ttoeasDible,  that  prooew  wm  made  eompulsory  by 

a  decrci  f  if  e  Convention,  and  it  is  asserted 
th»t  2000  tons  per  annum  weie  then  made  in 
this  way ;  but  toere  also  the  home  mMrafactttfe 

had  to  he  jdvcn  up  as  soon  as  saltpetrr  r  iild  be 
imported  from  tho  K&st.  Since  the  luunufiictnre 
of  saHpeCre  from  nitrate  of  soda  is  making  a 

severe  comp<'tition  even  to  Indian  saltjxtrc,  it 
see  ma  quil^  huiJelesa  to   look   to  European 


rose,  the  whole  is  allowed  to  stand  for  some 
hours,  and  only  then  the  liquor  is  run  off.  This 
is  repeated  several  times,  until  the  liquor  shows 
next  to  no  reaction  for  chloride.  The  last 
liquors  are  used  in  a  new  operation  for  the  first 
washings.  In  this  way  the  ohloridea  may  be 
broucht  down  to  0-005  p.c. 

The  drained  crystal  flour  is  dried  in  stoves 
or  frames  covered, with  canva«,  or  better  on 
stcani-lieated  imii.-.  with  mechanical  stirring 
(juijt  AH  tlivy  liave  been  described  for  potas- 


sources  lor  that  substance ;  here  the  nitrogenous  I  sium  chloride),  and  is  mostly  sold  in  this  shape, 
substances  are  better  utilised  lor  agtioultuial  i  Sometimes  it  is  required  in  tfao  shape  of  lane 
purposes.  |  or>'st«|y.  which  are  very  easily  obtained  oy 

An<  Mif-r  kind  of  cnule  saltpetre,  made  from   di^  the  flour  in  a  small  quantity  of  liot 

the  motlier-liquora  from  the  working  of  '  caliche '  :  water  and  allowing  the  liquor  to  cool  quietly  and 
for  sodium  nitrate,  is  sometimes  sent  to  Europe  j  slowly.   E]coeptionally»  it  is  fuseil  into  cakes  or 


from  South  Americn.    It  contains  from  I 


ISUrope 

n  to  26 


ilrops,  which  always  contain  a 
,  '  sal  prunellse  '   or    '  uitrum 


lifdf  r  itrite  (the 
labuiaium  '  of 


p.c.  of  potassium  nitrate,  51  to  77  p.c.  uf  iKxiiutU 

nitrate,  1  to  3  (exce[)tionall^  16)  p.c.  of  sodium  j  phnrmaeeutioal  chemists), 
chloride,  and  small  quantities  of  tiiilphiites  and  II.  Mauufucturi:  of  potoMium  nitrate  from 
iodates.  Its  value  is  hardly  greater  tluin  that  nitrate  scHiium.  '  Arliticial  saltpetre'  was  first 
(»f  its  equivalent  of  Oldinaxyoommeroial  sodinm  made  on  a  small  scale  by  Longchampei  and 
nitrate.  |  Anthon,  with  the  aid  of  Chilean  sodium  nitrate 

Aooordiug  to  flaoo  (Oompt.  rend.  90,  84),  in  I  and  of  potaminm  ehloride,  wfaidi.  however,  at 
Bolivia,  near  the  village  of  Aran6,  ISast of  Oocha-  that  time  was  only  obtainable  from  kelp,  and 
bamba,  a  large  deposit  has  been  found  of  the  weut  too  cxpcmdvo.  When,  in  consequence  of 
following  average  composition :  00*7  potasnum  I  the  increased  demand  for  saltpetre  during  the 
nitrate,  30-7  Tjor-ix,  traces  of  common  salt,  and  j  Crimean  -war,  esp«-ciftlly  in  Russia,  the  mnnu- 
water,  8*0  orgaiuc  lUiitter.  If  this  were  con- 1  facture  of  that  sjubstance  from  tJhiiean  sodium 
firmed,  it  would  be  very  vahial)ie  indeed.  nitrate  became  m  i  '  r- munerative,  it  wia  first 

Refining  of  snlipeire.  The  East  Indian  salt  carried  out,  in  1853,  by  Nollner,  Griineberg,  and 
petre,  before  it  can  bo  used  for  the  nuuiufucture  others,  •with  the  aid  of  caustic  potash  and  ofr 
(if  gunpowder  and  ot lit' r  purposes,  must  be  puri-  Russian  {v>ta!-sium  carlK^)nate  ;  later  on,  more 
tte^  especially  from  chlorides.  This  is  done  on  i  cheaply,  with  that  of  vinawe  cinder  ('  schlempe- 
a  very  Urge  scale  in  England,  France,  and  Ger- 1  kohle,'  cf.  p.  359),  which  was  used  directly, 
many  (especially  at  Hamburg).  The  most  usual  without  any  separation  of  the  salts.  For  this 
is  the  French  method.  In  an  iron  or  copper  i  purpose  sodium  nitrate  and  a  corresponding 
pan  1080  Idloa.  saltpetre  is  dissolved  in  000  litres  |  quantity  of  vinassc  cinder  were  diiwolved  at  the 
of  water  at  a  gentle  heat ;  the  snhition  is  hronght  I  same  time  in  Ixiilinp  water:  by  the  reaction 
to  boding  heat,  and  another  ISUO  Jdlon.  of  salt- 1  K,L:u,-i-2NttNO,=2KNO,+Na,( anhydrous 
petre  ia  dissolved  in  it.    When  employing  these  sodium  carbonate  was  produced,  which  vr&» 


proportions  with  saltpetre  containing  about  20 
p.c.  of  chlorides,  the  nitrate  is  dissolved  com- 
pletely, the  chlorides  but  partially.    The  latter 


fished  out  of  the  boiling  liauid,  together  with  the 
soditim  carbonate  originally  present,  and  with 

the  less   soluble   jK)tassiura   salts,   while  the 


are  fished  out  with  a  perforated  ladle.  If  cai*  t  potassium  nitrate  remained  dissolved  at  jboiliiig 
num  or  magneirium  salts  arc  present,  potasslnm  I  heat  and  only  crystalfised  out  on  eoolint^  The 


carlK  r;  itr  is  added  until  a  fairly  alkaline  itwictioti  . 
has  been  produced.  The  hot  clear  liquor  is 
diluted  with  300  litres  of  water,  a  solution  of  1 ; 
kilo,  glue  in  20  litres  of  hot  water  is  stirred  into 
it.  and  the  whole  brought  to  boiling  again.  The 
glue  combiiHawiththc  organic  substanves  present 
forming  a  scum,  which  rises  to  the  surface  and 
is  earcfuUy  removed.  When  no  more  scum  ri-ses 
to  the  surface,  the  liquor  is  allowed  to  settle  for 


mother-liquor  vields  a  mixture  of  alxmt  53  parts 
NaCl,  31  Na,C;0„  and  10  K,i>0„  which  is  uiwxi 
by  soap- makers  {cf.  Dingl.  poly.  J.  118,  20O; 
]'!^..  1H;  163,  314;  !(!(>.  75;  Chem.  Zontr. 
1  h7  J .  ml).  This  process  has  been  given  up  long 
ii^o.  [iniii'ijMilly  b<cause  llio  separation  of  the 
salts  is  too  diiiicult  and  the  value  of  potassium 
carbonate  is  too  great.. 

The  '^cparatioi\  of  the  substances  is  easier 
when  caustic  pokish  is  employed,  in  which  case 


2t  hours,  preventing  any  cooling  down  below  .  _ 

90^CX,  and  theolearportion  is  run  into  flat  copper  the  reaetion  produces  potassium  nitrate  and 

■   i    T  ^    As  soon  as  the  crystallisation  bciiins.  r>austic  soda:  the  miTture  ran  thou  be  allowed 

the  liqiud  is  Mmstantly  stirred,  either  by  hand  to  c4>ol.   The  |K)taiii>iuui  uiiraie  is  all  but  com- 

or  bolter  hy  maohioMy.  Thus  the  potassium  pletely  separated  as  fine  crystals,  and  sodium 

nitnta  Mpaialsa  aa  minute,  floury,  efyatals,  hydroxide,  with  some  impurities,  remains  Id 
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aolutioo.  By  further  conoentrating  thin,  solid 
oauBtio  soda  oan  be  obtained.  Tnia  process 
was  carried  out  by  Nollner,  T,;iii<!raann,  and 
SchiiitTcr  (Dingl.  poly.  J.  1 17,  ;  1G2, 132)  by 
adding  liino  to  the  boiling  mixture  of  potas* 
«ium  carbonate  and  Hixliinn  nitrate  until  thr- 
alkali  was  caiuticisiti,  whereupon  the  ii4Uiii 
was  iepanted  firom  the  lime-mud,  concentrated 
bv  evaporation,  and  allowed  to  crystallise. 
Much  more  rational  than  this  was  the  nrocess 
carriotl  out  at  St.  Jlelens  in  1864  {tbid.  182, 
385),  deoompoaiog  potassium  ohloride  bv  sul* 
nhurie  aoid,  eooverting  the  potanjoai  mlphate 
Iiv  Leblanc'fl  process  into  a  kind  of  lilatk  ash, 
duiiioiving  anu  oausticising  the  caustic  solution 
to  tpkgr.  I'JSOt  adding  an  equivalent  quantity  of 
sodium  nitrat«  ana  allo\(ing  the  potn^sitini 
nitrate  to  on^stallise  by  cooling.  Tbi>  molliLr- 
liquor  wm  farther  ooaoaolnted*  during  which 
operatkm  some  salts  were  separated  and  fished 
out,  and  on  cooling  yielded  a  second  crop  of 
potassium  nitrate  ;  thost  confl  niotlu  r-Iujuorwas 
worked  up  aa  caudtio  soda.  Thia  ptooess  does 
not  seem  to  be  worked  now. 

The  process  of  B.  .Hf  y  (Wa^-m  r's  .T.  ISOO. 

i  1S60.  227),  con  vert  mg  sodnun  mtratr  by 
means  of  barium  chloride  into  bjinum  nitrate, 
and  converting  this  by  potassium  sulphatt-  into 
barium  sulphate  ("permanent  white  j  nnd 
potassium  sulphate,  ia  evidently  not  tit  tur 
^eral  use,  and  oan  only  p^y  in  veiy  eueptional 
oiroumstances. 

The  only  procchs  mow  in  pnictioal  nnv  is  tbut 
of  employins  potasstum  ckloridcy  originally  pro- 
posed by  Longchamps»  and  worked  out  by 
Anthon  (sitif^o  IS  in,  l,ut  more  e-p  eiiilly  in  1S58, 
DingL  poly.  J.  149,  39)  in  the  shape  in  which  it 
is  now  oanried  out.  A  theoxetieai  study  of  the 
condition??  of  cc^uilibriuin  between  the  rociprotal 

Eairs  ul  salts  :  KCl.  ISaAU^  and  NaCl,  KNOs.  hat, 
een  made  by  Meyerhofler  (Bcr.  1904,  261, 
el  seg.).  The  technical  forms  of  the  process  have 
been  described  bv  Lunge  (Dingl.  poly.  J.  182, 
385)  and  Vak  (fii'I.  215.  222).  and  it  is  carric.l 
out  in  liuvcral  modifioatious«  the  best  of  which 
will  now  be  described. 

Sfnpsfnrt  '  mtirifitr  of  pnta«h,'  coutaminp  not 
Icsa  than  80  p.c.  KCl,  and  eommercuil  sodium 
nitrate(05p.e.)»ue  brought  togetberwith  mother- 
liquors  from  a  previou'?  op»^rrition  nnd  with  the 
liquid  obtfiine<l  by  wu.siiing  lh<j  niUu  bags,  (The 
warilicd  nitii^'  bags,  when  dr\',  are  excoeiiingly 
easily  iuliaiamable.  and  must  be  treated  mth 
the  neoessary  cation.)  The  operation  is  per> 
formed  in  ci-\i  in!  wToup!i;-ii'in  oylin<ler8,  8  ft. 
diameter  and  6^  ft.  high,  provided  with  a 
meehantcal  stirrer,  a  steam  coil,  and  a  tap  for 
Hn  Mpen  jet  of  steam  :  nho  with  a  6-inch  pijie  in 
tiic  (juver,  through  which  the  steam  given  off  in 
the  cylinder  is  pns~;od  under  the  double  bottom 
of  the  motbor-liquor  tank.  The  liquor  i»  first 
concentrated  by  moans  of  the  steam  coil  to 
sp.gr.  1-53,  adding  a  little  oil  in  case  of  frothing, 
whereupon  tho  materials  are  charged  through 
the  man-hole,  first  3  or  3^  tons  of  sodium  nitrate, 
then  thi  r^.i-responding  quantity  of  potassium 
chloride,  which  is  »o  talculated  that  a  very 
slight  excess  of  nitrate  in  present.  The  whole  is 
hoilf^'!  for  half-  ni-lH  ur  to  complete  the  de- 
corapoHidon.  ansi  i.^  u.ua  run  through  a  4-inch 
tap  on  to  the  filter  or  .strainer*  oonsisting  of  a 
tank  8  by  8  by  A  feet,  with  a  canvas-oovered 


false  bottom  at  a  height  of  4  ixui,  above  tho  true 
bottom,  and  a  steam-pipo  between  the  two  for 

kec'  p  i  n  g  t )  ic  1  i  quor  hot.  Here  thesodiam  chloride 
formed  m  the  reaction 

NaNO,+Ka»KNO,+NaC!l. 

which,  owing  to  its  relatively  sliL:bt  .-olubilit y 
in  the  hot  confontrated  solution,  has  hc^a 
almost  ent&rely  pnx  ipi  iated  in  the  solid  form,  is 
retained  on  the  tilter,  w  iiilo  a  liquor  of  sp.gr.  1-63 
and  a  tempt;rature  of  95%!.  runs  off  into  tho 
coolers.  Tne  common  salt  left  on  the  filter  is 
cxjvcred  with  hot  nioth'  rdiquor,  which  is  run  off 
at  a  strength  ol  l  oU  to  J-53,  also  into  the  coolers. 
The  Ava-shing  is  then  continued  with  liquors  of 
decreasing  strength,  ultimately  with  pure  water, 
tin  til  the  salt  contains  only  0*6  to  0-9  p.e.  of 
nitrate  ;  at  some  wi  trks  th*  v  go  down  to  0-2.")  ]>.v. 
i'ho  coolers  are  shallow  iron  veascls  provided 
nith  either  oeciUating  or  revolving  agitators, 
which  can  !«'  lifted  out  of  the  liquid.  The  liquor 
is  kept  in  agitation  during  the  uhote  time  of 
cooling,  which,  ^^ith  a  depth  of  8  ins.  in  the 
vi.s.-c'la,  ought  t<)  ]h'  finished  in  30  to  3<1  bnrir?". 
Sunic'times  thm  i<i  haitent'd  by  a  stream  of  watvr 
circulating  on  the  outside  of  the  vessel. 

The  mother-liquor,  of  sp.ffr.  l'345-l-367,  is 
run  of!  into  tanks  provided  witE  a  double  bottom, 
where  it  is  britKl  by  wii>lo  steam  in  order  to 
be  used  over  again  at  the  tirst  operation.  Such 
mother'Uquoia  «i»  composed  aa  follows.  100 
parts  fay  volume  contain : 

Fbtassium  nitrate   .  sAo  nfs  86-4 

Sodium  chloride      .  26-72  14  2  17«18 

Sodium  sulphate     .  1*32  1  06  1-81 

Magnesium  chloride  2*10  6-2  8*19 

5w)diuni  nitnitc        .  —  19-6  7-19 

iSiidiuni  iodidts         .  —  • —  0-76 

{a,  ap.gr.  1-348  at  19® ;  h,  sp,gr.  1-395  at  17-6® ; 
c,  remaining  after  working  up  0000  tons  of 

Chilean  nitri^). 

The  crude  saltpetre  Jiour.  containing  7-9  p.c. 
NaCl,  and  0-5-0-7  p.c,  MgCl...  Is  drained  on  one 
side  of  fhf  r(K)Ir>r,  and  is  washed  with  the  liquor 
resulting  from  tho  washing  of  the  refined  salt- 
l>rtre,  with  the  use  of  the  agitat  ing  gear,  tmtil  the 
chloride  has  oome  down  to  0*8-2  p.o.  It  ia  then 
reftned  by  dissolvinff  it  in  washings  of  the  pare 
salt  fii  >-i>.'_'r.  l-SS-l'SS,  fjlt^^ring  a--  above,  and 
running  it  into  iron  coolers ;  in  doing  this,  a 
very  small  quantity  of  ultramarine  i<  added,  to 
neutralise  the  discolouration  prothiced  by  a  small 
quantity  of  iron.  Here  a  mother-liquor  of  tho 
foUowi^B  composition  is  produced : 


Potvsium  nitrate  . 
Sodium  nitrate  • 
Sodium  chloride 
Sodium  sulphate 
Megnesium  chloride  . 


20-91 
102 
G-94 
012 
0>78 


b 

23-4 
4-4 
M 


(a,  sp.gr,  1184  at  17*  :  6.  sp.gr.  I- 180  at  I8-C*). 

The  erystals  produced  at  the  same  time  still 
contain  0-25  to  0-76  p,c.  NaCl.  and  must  bo 

fturifie  i  li\  washing  them  with  ^\,lter  in  copper- 
ined  iron  veescb,  in  the  manner  described 
above  for  potassium  ohloride:  this  produoea 
a  liqrjor  of  sp.gr.  l-07r)-l-OS3.  *  Tlir  wntthed  salt 
IB  (trained,  and  \h  dried  upoh  shadow,  circular 
cast-iron  |mns,  heated  bv  means  of  internal 
steam  channels ;  *  revolving  shaft  movea  the 
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salt  ftbout  by  means  of  ecrapers  forced  down 
by  spruiga,  and  a  conical  roller  at  the  same 
time  crushes  any  lumps  formed  in  drying. 
£aoh  pan  dries  nearly  4  tons  of  nitmto  in 
84  hours.  Unavoidably,  some  crusta  are 
formed  at  the  }x)ttom,  which  must  fw  knocked 
oil  onoo  a  day.  The  dried  saltpetre  need  only 
be  passed  thnnigh  a  sieve  to  be  ready  for  pack- 
ing into  casks. 

It  is  asserted  tliat,  when  German  muriate  of 
poUsii  is  employed,t  races  of  magnesium  chloride 
may  remain  in  the  8alt])etre  and  rctulcr  it  deli- 
quescent ;  this  is  to  bo  countLTacttii  l)y  adding 
as  much  so<la-ash  as  will  throw  dowi  the  msg* 
nesia.  Muriate  of  potash  made  from  kelp  con- 
tains no  magnesium  chloride,  hut  from  6  to  8  p.o. 
of  sulphate,  which  does  not  decomixise  with 
^nitrate  as  easily  as  the  obloride.  In  Germany 
the  aboTe>mentjoined  drawbaok  has  never  been 
found  ;  nor  can  it  Vie  conceived  that  a  mode  of 
manufacture  which  actually  bruigs  down  the 
total  oiiloride  to  0-01  p.o.  should  loavo  aiqfthing 
wiaatever  of  the  extremely  solaUs  magnesinm 
ofalotide  in  the  saltpetre. 

The  '  saltjK'tro  salt ' — that  is,  the  impure 
sodium  chloiide  formed  in  this  manufacture — 
contains  about  98  p.e.  of  NaCI  in  the  dry  state. 
\rith  0-25  to  0-9  KNO3  and  .slight  quantities  of 
other  matters.   The  nitrate  makes  it  unfit  for  j 
deeomposing  with  sulphorio  aoid  on  aoeonnt  of  | 
the  strong  action  on  the  iron  pans  ;  it  h  used  for 
agricultural  purpose.^,  and  for  roasting  the  cixi-  I 
den  from  cnpreous  p^xitcs  in  the  proesss  of 
•opper-extracting  by  the  wet  method.  ! 

Potassium  arsenate  KHjAsO,  (Macquer's 
salt)  is  manufactuml  by  fusing  together  equal 
parts  of  potassium  nitrate  and  vmite  arsenio  I 
(ateenions  oxide),  dissolving  the  mass  In  water,  | 
and  evaporating ;  on  cooling  the  liquor  the 
arsenate  crystallises  out  in  large,  soluble, 
<Iiiadfate  crystals,  which  do  not  oeliqiieaoe  in 
the  air.  This  salt  is  usod  in  oalico-printing  as 
a  substitute  for  cow-dung. 

Potassium  dlchromate  v.  art  CHBOMroM. 

Potassium  cyanides,  UtntgtaUM  and  IMH- 
eyaolde,  cf.  Cyanides. 

Potassium  phosphate.  The  Stassfurter 
Ghemiaohe  Fabrik  vorm.  Vorster  and  Qrfineberg 
(D.  R.  P.  8M64>  deoompoee  oaleinm  phosphate 
with  .sodium  sulpliatf.  n-uiovi-  iIk-  j)n'cii)itatcd 
gyp:jum,  add  to  the  solution  of  sodium  phosphate 
the  theoretically  ^quked  quantity  of  potassium 
sulphate  and  cool  down  to  f  t";  Glauber's  salt 
crystalUsca  out  and  tho  sohltion  contains 
primazy  potastimn  phosndiate  KH^4. 

G.  L. 

POTATO,  5ofan«m  tuberonim  (Linn.).  This 
plant,  a  nafivt^  of  America,  is  growi  for  the 
saice  of  its  undei]ground  tubers  or  thickened 
•tema.  These  oontalh  lai^  stores  of  starch 
and  other  formative  materials  intended  as 
nourishment  for  future  plants.  Each  tuber 
bas  several  *  eves  *  which  are  eompoond  buds, 
eapable  of  producing  one  or  more  .stallcs.  Many 
varieties  arc  knonn,  differing  in  colour,  size, 
shape,  and  composition. 

The  following  Qgures  illustrate  the  variation 
in  eonpoeition  wbloi  has  been  observed  : — 

Soluble 

carbo-  Crude 
Fnt      liydrate.<i    fibre  AJih 

8»-82  0-6-S-6  O-OMt-SO  12-26-6  0-8-.1-4  O'4-l*0 


Witt«r  Protein 


The  avoi^  oomposition  (KAnig)  may  be 

takf-n  a.i — ■ 

N-frec  f'riide 

Water     Protein      Fat      extract  llbre  A»h 

70>8       1*8        0-2      20>6  0-7  10 

Of  the  total  nitrogen,  aUjut  half  exists  in 
non-protcid  form,  chiefiy  as  a^paragine,  solanine, 
leuome,  xanthine,  and  ^nroshie.  The  proteids 
of  the  potato  consist  of  a  globulin — lubirin, 
soluble  in  dilute  salt  solution  and  showing 
coagulation  on  heating,  incipient  at  about  00^ 
but  not  complete  until  HU°,  and  a  proteose 
(Osborne  and  Camnix-ll,  J.  Anier.  Chem.  Soc. 
1896,  18,  575).  The  characteristic  poi.«onou» 
constituent  of  potatos  is  tolanine  C^Jd^^HOu, 
a  crystalline  snbstanoe  melting  at  244*  and 
almost  insoluble  in  ether  and  alcohol.  It  is 
decomposed  by  dilute  UCl,  yielding  aUanidine 
OmHotNO,  (m.p.  101*).  soluble  in  Sot  abohol, 
and  a  sugar  (Firbaji,  Mon.it.-h.  188n,  10,  541). 
An  a  tnorphous  substance — sol<ni>  ine  CgsHgjNO.j 
—which  also  yields  solanidine  when  heated  wiui 
hydrochloric  acid,  and  which  is  apparently  tho 
anhydride  of  solanine — is  also  present  in  tho 
shoot. s  of  the  potato. 

The  sugars  formed  by  the  hydrolysis  of 
solanine  are  dextrose  and  rhamnoee,  according  to 
Zeiscl  and  Wittmann  (Ber.  I9t»3,  .30.  3564). 
whilst  Votooek  and  Vondracek  {ibid.  1903,  36^ 
4372)  showed  that  galacto.se  is  also  praduoed. 
This  was  conBrmcd  by  Wittmann  (Monat.oh. 
1906,  26,  445),  who  aUu  obijerved  the  formation 
of  a  dextro-rotatory  sugar  wiiicli  he  thouglit  waa 
probably  a  polysaccharide. 

According  to  Wintgen  (Zeitseh.  Nahr. 
Genussm.  1906,  12.  113).  the  amount  of  solanine 
in  potatos  is  verv  small,  the  highest  and 
lownt  amounts  found  wAng  0*T060  and 
0"0172  i)art«  p<'r  thousand.  No  increase  in 
tho  amount  was  obsurved  after  prolonged 
storage,  even  in  germinated  potatos  when  the 
shoots  wore  remove*!.  Ho  concludes  that  tho 
amount  of  .solanine  is  so  small  that  no  poisonous 
effect  need  l>e  feared. 
I  Nevertheless  care  shouhl  be  taken  that 
animals  do  not  eat  the  young  shoot.s  of  sprouted 
potatos.  for  iJit'v  have  IxMin  found  to  contain 
as  much  as  50  parts  of  solanine  per  thousand. 
Fbtatoe.  greened  by  the  action  of  light,  also 
may  contain  as  much  a.s  3  times  the  normal 
proportion  of  solanine  (Keiluer).  A4XX>rding  to 
Weil  (Arch.  Hygiene,  1900,  38,  330),  certain 
bacteria  induce  the  formation  of  solanine  in 
potatos.  JSome  samples  of  poAtos  contained 
0-38  p.c.  of  solanine. 

Of  the  nitrogen-free  extract,  starch  con- 
stitutes the  greatest  portion,  but  sugar  (varpug 
from  about  0-5  to  1-2  p.c.)  and  pentosans  are 
also  present.  The  starch  occurs  in  large  grains 
— ^the  largest  from  76ft  to  110^  in  length— of 
an  oval,  ovate,  ellip^nidil  or  conchoidal  outline, 
poiisessing  a  distinct  hthim,  generally  situated 
in  the  narrow  end  of  the  grain  and  with  well- 
marked,  concentric  striations.  Potatos  also 
contain  small  quantities  of  free  acids,  among 
which  citric,  sucoinio,  and  ozalio  adds  ave 
probably  the  chief. 

Tot  many  purjxises,  the  oomroercial  value 
of  potatos  depends  upon  their  content  of 
Starch,  and  it  is  found  that  this  may  be  deduced 
with  sufficient  aoeuracy  (to  about  1  p.c.)  from 
a  determination  of  the  speeifio  gsavity  of  the 
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tubers.  Thiti  can  be  dune  hy  nwanm  of  spt-cially 
designed  b&lanrcs,  ca|)ablo  of  weighing  about 
5  kilos,  of  potatos  in  air  and  iri  wutt  r.  Accord- 
ing to  tables  calculated  by  Bthrtnd,  Marcker, 
and  Morgan,  the  correlation  between  specific 
gnvity  ot  the  tttben,  proportion  of  U»Ul  dry 
Botwtaaoe,  and  lUKth  content,  i«  m  foltowi : — 


Specific 
gravity 
1080 
1085 
1090 
1095 
1100 
M06 
1110 
1-115 
M20 
1125 
1130 
1136 
1140 
M45 
M60 


PercenlaKe  of 
dry  matter 

19-  7 

20-  7 

21-  8 

22-  9 
24*0 

25-  0 

26-  1 

27-  2 

28-  3 
20-3 

:iu-4 

31-  5 

32-  5 

33-  6 
S4-7 


Perceiitaut}  of 
starcii 

13-  9 

14-  9 
160 
171 

15-  2 

19-  2 

20-  3 

21-  4 

22-  5 

23-  5 

24-  () 


26-  7 

27-  8 
29*9 

Obviously-  such  a  table  can  only  claim 
•ppromixatc  accuracy  ginoe  the  proportion  of 
ttMoh  to  other  solid  matter  is  vsnsble  in 

Balland  (Lompt.  rend.  1897,  125,  429) 
found,  AS  the  result  of  the  examination  of  a 
lacge  namber  of  varieties  of  potatos  grown  in 
Fnuioe,  the  following : — 

Wciiiht  Starch 
I'f  tiiher        N-com-  and 
«riii<.  Wat«r pounds  Fat  sugar  Filirp  A«li 
Maximum  420-0  80*0   2-8  0-14  29-9  0  7  1-2 
Ifinimum    23^0  66-1  1-4  0-04  lff-6  0-4  0-4 

The  n»h  generally  oontainx  traces  of  man- 
ganese.  The  acidity  varied  from  O-07  to  0*25  | 
p.c.  ' 

ForfanL'  (Bird.  Z^  ntr.  1904.  33,  3021  fom  ! 
as  the  average  of   ten  analyses  of  potatiKi  , 
grown  in  West  Norway —  I 

Waf.  r  T.*!  0  p.c.  total  dry  matter  24-4. 
starch  15-2,  sugar  2  2,  crude  fibre  0-7,  furfuroids  1 
0*7,  total  N  0-4.  fat  0  04,  and  ash  10  p.c. 

Coudon  and  Biusard  (Ciompt.  rend.  1897. 
125.  43)  have  examined  the  sepMrate  portions  of 
potatos.    'rh(  y  find  that  after  the  removal  of 
the  skin,  there  are  three  distinct  layers,  difiering 
in  oonposition — ^the  cortical  layer  containing 
the  highest  yirojKirtion  cif  starch  and  thf  lowest 
proportion  of  uatrr  and  nitrogenous  matter —  i 
the  oxtamal  mcdtdlary  layer  of  interme<liate  ! 
composition  and  tln'  int<  rnnl  nic<lul]iu  v  layrr 
whicn  is  richest  in  nitrogenous  niatUr  and 
water  and  p<Mm\st  in  starch.    The  proportion  of 
starch  in  the  cortical  layer  may  be  twice  as 
great  a«  in  the  innermost  layer,"  whilst,  in  the 
latter,  the  anininit  <if  nitrii>.'i  iii>ii^  maiti  r  may  ! 
bo  28  p.c.  higher  than  in  the  cortical  layer.  , 
They  state  that  the  culinary  value  of  potatos  I 
is  directly   pn'jvtrtirmnl  to  the  quantity  of 
nitrogenous  matter  and  inversely  proportional 
to  the  amount  of  starch  present,  and  that  it 
may  lx.>  me«sure<l  by  the  ratio  botwi-en  these 
quantities.    The  power  of  the  tulK'rs  to  retain 
their  shape  and  size  when  Injiled  in  wafer  it 
determined  by  the  proteids  jprescnt  and  is  not  > 
dependent  upon  the  proportion  or  size  of  the  I 
starch  grains  or  the  amount  of  ]M(  tiii  .-.uli- 
Stanocs  present.   The  reeistauoc  to  suicUiag  up  I 


u heu  boded  ts  measured  bv  tlie  rat  io,  proteid  : 
starch,  which  in  gootl  varieties  \ari(  -  Wtween 
1  :  14  anri  1  :  8*6,  while  in  the  varictica  which 
disintegrate.'  most  it  is  1  :  G  or  even  1  :  4. 

They  conclude  that  for  culinary*  purposes,  the 
aim  should  be  to  cultivate  varieties  with  a  thin 
cortical  layer  and  tlm«foi«  poor  in  starch,  whilst 

;  for  industrial  piiryKjbes,  varieties  with  a  thick 

j  oartical  layer  and  a  high  content  of  starch  are 

( to  be  preferred. 

Xew  vari(»tif'.':  of  potatos  are  continually 
being  prwluced,  fur  bume  of  which  grtaL  advan- 
tages arc  claimed. 

In  1901,  a  wild  plant  gro^  inc  in  Uruguaj*, 

I  which  wa«  firpt  describeil  in  17ti7  by  Com- 
ni<  r.-<.n,  was  brought  to  Europe  by  Heckel. 
By  cultivation,  an  edible  tuber»  equal  to  the 
orainary  potato,  has  been  obtained,  which  it  is 
clainud  is  immune  to  ortliiiary  j)otafo  d»ea»es, 
more  resistant  to  frost,  and  capable  of  yielding 
enorrootis  crops.  This  plant  is  known  as 
Solanum  Commersonii  (Dun. )  and  is  eharacteri.-(  d 
by  thu  large  numlx  r  of  aerial  tubers  which  it 
produces,  in  addition  to  its  sufiterranean  ones 
(Lsbergeric.  Bied.  Zcntr.  1905,  34,  616). 

The  ash  of  potatos,  acconling  to  Wolff, 
contains  on  the  average — 

K,q  Na,p  GsO  Mgp  1^0,  P|Oj  ^0^  d 


60-3    2-6    2-6   4'7    1"2'  iVJ   6-4  2<r  3-0 


,  Potatos  are  extensively  used  as  human 

food,  as  food  for  farm  animals  (best  after 
boiling  or  steaming),  and  industrially,  as  a  source 
of  starch  {q.v.\  almhol  and  fusel  oil  (^.tt.). 

As  a  food  for  animals,  potatos  are  used  raw, 
steamed,  as  silage,  or,  recently,  dried.  The 
following  figures  (Kellner)  show  the  oompon- 
tion  of  these  various  forms : — 


—  Water 


Raw,  medium 
„  watery 
>.  dry 

Steame<| 

Kaw,  as  silage 

Dried 


75-0 
83-0 
74  0 
66-5 
73-5 
12*0 


teiu 

21 
1-6 
21 

1-  5 

2-  2 
7-4 


lat 

N-free 
extract 

Fibre|  Ash 

01 

21-0 

0- 

M 

01 

13  9 

0  6 

0-8 

111 

2ll» 

0-8 

1-1 

01 

301 

0-8 

lO 

0-5 

21-7 

0-7 

1-4 

0-4 

74-0 

2-3 

3-9 

The  haulms  and  '  apples  '  (fruit)  of  pot&tos 
contain,  usually,  suffiownt  solauine  to  tender 
them  {loisori'ius.  They  ahould  not  be  used  as 
food  for  animals. 

Fbtatos  ^row  be«t  in  deep  soils,  well  drained, 
free  from  acidity,  and  well  supplied  with  potaah 
and  nitrogen. 

For  examples  of  the  efficiency  of  spraying 
potato  plants  with  copper  compounds  as  a 
preventative  of  blight,  Leaflet  14  of  the  Dept. 
of  Agric  and  Techn.  Instraotion  for  Ireland. 

H.  I. 

POTATO  OIL  V.  FusBL  an.. 

POTATO  STARCH  v.  Stak  h 

POTTERY  and  PORCELAlfi.  Ihc  u-rm 
'  pottery  '  is  a  very  elastic  one.  being  commonly 
used  to  indicate  any  article  fashioned  of  clay 
(or  of  a  mixture  of  clays  and  other  mineral  sub* 
,-tances),  and  hardened  by  the  application  of  lire. 
In  this  sense  the  term  includes  ail  kinds  of 
crockerjrwaro  and  such  common  artides  as 
f!iii>ring  and  rooting  tiles,  drain-iiiix-.  lirieks. 
and  cmoibles ;  uor  is  there  any  reason  why  this 
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coraprehetii<ivene,sa   ehoiild   be  otirtailed,  for 
thoiq|b  a  vase  uf  Sevres  china  and  a  drain -pipe 
an  widcfy  different  when  Aaiahod,  they  come  j 
cqiinlly  well  Mithin  the  scone  of  our  dennition, 
and  their  production  depends  upon  the  applica-  . 
tion  of  exactly  similar  principles;  the  superior  j 
result  obtained  in  the  one  oa«e  beUig  mainly  the 
result  of  sapeiior  elabonrtioii  and  earn. 

Pot  tor  V  ware  of  every  kbidia  Qgdally  divided  ' 
into  two  great  ol&aaes — 

1.  Simple  or  unslaaed,  mck  as  floorine  or ! 
roofing  tiles,   brion*  ten»*ooitte»  primitive 
pottery,  &o. 

2.  Gompostte  or  gland,  sadi  as  the  ordinaiy 
forms  of  porcelain,  earthenwwe^  or  etonewaie 
Uiied  for  domestic  purposes.  I 

This  distinction  is  an  arbitrary  one,  for 
almost  evety  kind  of  pottery  is  capable  of  exist- 
ing in  both  fonm  and  of  eoTTing  some 
purpose  in  f.'-u'li  of  them.    Tli^  cli,-*lii('( irm  is  of  i 
value  in  so  far  as  it  helps  us  townni  an  raaier  | 
eooeeption  of  the  term  'body'  or  'paste'  and  j 
*  enamel '  or  '  glaze ' ;  the  body  Ixjing  the  stuff 
or  subetanoe  of  which  the  article  in  first  fashioned  | 
or  dwped  and  the  glasse  or  enamel  an  external : 
covering  resulting  from  the  formation  of  a  | 
vitrified  coating  on  the  body,  to  render  it  im-  j 
pervious  to  liquid.^  or  to  serve  seathetically  as 
decoration.   A  clear  conception,  therefore,  of  i 
the  ▼arioaa  pottery  bodiee— <»f  Uie  proeeews  by  I 
which  they  are  prepared  and  of  their  relationship  ' 
to  each  other — ^forms  the  simplest  starttiig-point ' 
from  which  to  review  the  soieiioe  of  the  potter.  , 

Tiie  foundation  of  every  ]X)ttery  body, 
without  cjcoptiou,  JM  one  or  other  of  the  natural 
etoya,  for  the  bare  possibility  of  a  pot,  as  we  j 
know  it,  results  from  two  properties  which  the  i 
clays  alone  possen  in  any  marked  degree,  viz.  i 
the  property  of  bciiiR  kneadable  while  moist 
into  almost  any  required  shape  (what  we  oall 
plaatioity};  and,  secondly,  the  property  of  becom- 1 
ing  dense,  hard,  and  durable  when  fired  {.^fr 
art.  GSuaT).  While,  however,  the  possession  of 
fbete  properties  renders  the  use  of  some  form  of  j 
clay  unavoidable  further  manufacturing  qualities 
arts  rKQuircd  in  a  good  body  which  can  only  be 
secured  by  the  addition  of  other  materialfj.  Thus 
aitieles  oMde  from  a  natural  plastioolay  are  apt 
to  craok  in  drying,  owing  to  the  tenaeity  with 
which  such  clays  retain  the  water  added  in 
working  ;  in  firing  thcv  are  apt  to  soften  a 
little,  especially  if  the  clay  contains  much  iron 
f  <r  lirne,  and  so  lose  their  shape.  These  defects 
neoejisitate  the  admixture  of  8and,  ground  flint, 
or  other  apUjttic  or  hardening  materials,  so  as  to 
make  the  body  more  open  or  less  retentive  of 
water,  or  to  render  It  lees  liable  to  sink,  in  the 
firing,  from  partial  fusion.  A^jain,  in  some  classes 
of  potte^  transluoenoe  is  a  necessary'  quality  of 
the  ft«d  ware  and  this  ean  only  be  seenrea  by 
the  li'  idmixfurc  of  selected  clays  with  suitable 
fusible  materials,  which  vitrify  when  submitted 
to  the  Imt  ^  the  pottery  oven  and,  enveloping 
the  minute  partiules  of  clay  with  which  they  are 
mized,  product)  a  t»uuu-tratu>parent  material. 

AH  the  snbstanoes  commonly  u.>9ed  in  the 
composition  of  potte^  bodies  mav  be  flivided 
into  three  classes  aooording  to  their  primary 
fosctions  :  — 

1.  Plastic  materials :  all  the  varieties  of  clay 
and  mart 

2.  Hardening  Of  aplsstio  nutteriab  {Vi, 
Vol.  IV.— T. 


(Ugraissaniea) iint,  taad,  4|iurts,  ground 

pitchers,  &c. 

3.  Fusible  materials:  felspar,  china  stone, 
bone  ash,  lioMb  gypram^  baiytes,  artifioial 

Iritis,  &c. 

The  object  of  the  potter  is  to  select  from  the 
materials  at  his  disposal  such  as  will  enable 
Urn  to  prodnee  a  suitable  body  under  his 

cor  bti  iTis  of  working  and  firing;  for  it  must 
bo  borne  in  mind  that  one  and  the  same 
BUbstanoe  may  play  a  different  rdle  in  the  bodyt 
aooording  to  t*he  method  of  manufacture  or  tern- 
pecature  of  firing.  Thus,  the  addition  of  quartz 
to  the  body  mixture  of  oertain  European  poroe* 
lains  produces  a  mass  which  matures  at  a  lower 
temperature  than  the  mixtures  of  china  clay 
and  felspar  that  were  formerly  used.  Every 
form  of  ootteiy  must  bo  regarded  as  a  ,mass  of 
mixed  auioatee  of  indeflnite  oompomtion,  and 
the  practical  result  depends  both  on  the  com- 
position of  the  mass  and  the  degree  of  chemical 
rearrangement  tihat  has  taken  place  during  the 
firing.  In  no  cases  are  the  ehomical  changes 
pushed  to  ouuipletion,  or  we  .slioulil  have  a  fused 
slag  or  glass,  out  the  reactions  are  arrested  at 
some  arbitrary  stage  which  practice  has  shown 
to  be  advisable.  Chemical  analysis  may  prove 
that  a  pottery  Ixjdy  contains  certain  proportions 
of  silica,  alumina,  &c.,  but  the  potter's  business 
is  to  prepare  sneh  mixtnns  as  possess  snffident 

J>lasticity  and  tenacity  to  enable  articles  to  be 
ashioned  and  dried  without  undue  loss,  and 
capable,  when  properly  fired,  of  yielding  wares 
I)os.ses.sing  the  requisite  durability,  infusibility, 
colour,  texture,  &c. 

The  current  classification  of  pottery  into 
earthenware,  stonewar^  poroelain,  &o.«  is 
thoroughly  unscientific,  for  the  distinotaons  on 
which  it  is  l>a-sod,  .such  as  colour,  hardness  and 
trunslucetice,  are  mainly  aooidwutal  and  are 
often  duo  quite  as  mueh  to  the  methods  of 
tnrfiiufaoture  and  the  firing  temperature  as  to 
inherent  differences  in  the  bodies^  themBclves. 
rt  is  impossiUe  in  the  fm^sent  state  of  our 
kn0w!e<l(;e  to  draw  any  hard-and-fast  line 
between  the  different  classes  of  pottery ;  but 
t)erbaps  the  following  classification,  designed  to 
hring  out  the  natoru  relationships  of  the  body 
mixtures,  has  as  much  to  reoomraend  it  as  any  r~ 
First  chss.  Bodies  containing  only  plastic 
materials,  or  a  mixture  of  plastic  and  hardening 
materials.  It  is  impossible  to  separate  t  bis  into 
two  classcf,  as  the  question  whether  any  burden- 
ing material  must  be  added  depend*  cut  in  ly 
upon  the  nature  of  the  partieular  clay.  In  this 
olaas  the  foUom-ing  products  would  be  included  : 
bricks,  flooring  and  roofing  tiles,  ordinary  stone* 
wares,  and  the  common  red  and  l)ri/\\ii  wares  of 
all  countries.  The  fired  body  is  always  opaque, 
moderately  hatd,  and  generally  strongly 
coloured — red,  grey,  or  buff. 

Second  cUu0,  Bodies  containing  plastic, 
hardening,  and  fusible  materials.  The  bodies 
of  this  class  naturally  cover  a  widr  range 
acconling  to  the  pruportiun  m  which  thu  tlux^e 
clas-Hos  of  material  enter  i|ito  their  composition. 
The  fire<l  products*  are  harfl,  dense,  generally 
1  opaque  and  white  or  pale  in  colour.  All  the 
hct'or  kin«ls  of  English  earthenware,  stoneware, 
granite  and  mortar  bmlies  Mould  be  included. 

TMrd  daw.  Bodies  oontaming  plastic  and 
fusible  materials,  mainly.  The  most  refined 
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speoiM  oi  poUezy — »uoh  m  bnd  porcelain,  soft 

Sdain  (ooth  natnrftl  and  artifioial).  parian, 
[;r,  iVc.  Iieloiii;  in  this  claps.  Thv  find 
ea  aro  vcrv  hanl,  durable  and  translucent, 
and,  unleaB  stwncd  by  added  oolouring  oxides,  am 
whiff  or  oreftmy  in  colour. 

Preparation  of  the  body.  In  the  prt-paration 
of  all  working  mixtures  for  the  potters'  use  the 
first  object  to  be  aimed  at  ia  porfoot  homo> 
gencity,  and  the  more  complex  the  body  the 
more  important  doen  attention  to  this  point 
beoomo.  For  bodieaof  thefifstclasBitisusiMdIj 
mffieient  to  femo  ve  stone*  and  othw  hacd  foreign 
matters  and  then  pass  the  material  through  a 
pug.null  or  mortar-niill  tu  .secun;  sufficient  uni- 
rormity  (Me  art.  Clay  ) ;  but  for  l>odies  belonging 
to  the  secoTi'l  and  third  classes,  «here  arli(  l'"J 
of  high  finish  and  mechanicid  jK-rfcction  of  Hlia]x; 
aro  required,  it  isneoesfuiry  ttiat  all  the  materials 
be  reduced  to  a  very  hue  state  of  Bub-diviaion 
in  order  to  bring  about  their  intimat«  admixture. 
The  processes  for  t  his  purpoeeare  much  the  sann- 
for  all  olassoH  of  body  mixtutee,  and  it  will  only 
be  neeessary  to  deponbe  the  methoda  used  in  the 
preparation  of  KuL'Iish  carthrmvarf;  (in  many 
respects  the  most  eoniplex  of  all)  as  thev  an; 
quite  suitabfo,  with  Hlicht  modi  tications  in  detail, 
for  the  preparation  of  all  other  lx)dies. 

The  suhsUuKes  used  for  this  particular 
body  are  :  l)all  clay  from  Devon  or  Dorset, 
china  clay  from  Devon  or  Commdl,  ohina  stone 
from  Cornwall,  and  bonlder  fltnttt  from  the  sea 
beaches  of  I)iri>{)e,  TreiKirt,  &c.  The  clays 
used  vary  greatly  in  plasticity,  and  the  pro- 
portion of  stone  or  flint  with  which  they  are 
mixcil  de]>?>iii!s  l  irirely  upon  this  quality  of  the 
clay.  I'hc  pro|K)rtion.s  used  for  the  average 
on^atn-colour  body  are :  ball  clay,  50  p.c.  ; 
china  clay.  1<>  p  c.  ;  flint,  37  p.c.  ;  china  stone, 
3  p.c.  The  clays  are  beaten  up  to  a  pulp  with 
water  in  a  blunger  or  iron  che.st  in  which  a  shiift 
oarrying  broad-bladed  knives  is  rapidly  rotated. 
This  fluid  paste  is  known  teohnioaUy  as  *  slip.* 

The  Hint  and  sfone  nmst  be  reducerl  to  im- 
palpable powderri,  in  order  tlmt  their  particles 
may  be  uniformly  diffused  among  the  particles 
of  elny  in  tht^  slip.  The  flints  nrc  Prsf  raleined, 
usually  in  specially  constructed  kilns;  this 
calcinati  111  hiving  rendered  them  white  and 
fiiaf)le,  the  nodules  are  then  broken  into  coarse 
lumps  in  an  ordinary  stone-crushing  machine 
and  tin'dly  charged  on  to  a  pan  similar  to  the 
one  shown  in  section  in  Fig.  1. 

The  pan  is  bu3t  up  from  the  floor,  either 
with  iron  sides  or  with  wonflen  s-tavcs  stronnly 
hooped  together.  The  l)e<l  or  bottom  (cf. 
Fig.  1)  is  a  pavement  of  chert  stones  from  8  to 
in  \n<.  tlti'  k,  aecordinpr  to  the  size  of  the  i»an. 
Over  the  face  of  this  pavement  large  blocks  of 
chert,  weighing  a  ton  and  over  in  the  c,»st  of 
large  pans,  are  driven  round  and  round  by  the 
arms  {f.)  fixed  on  ft  vertical  shaft  (a).  The 
fragments  of  calcined  flint.  <>r  other  material 
to  be  ground,  are  charged  on  to  this  pavement  (d), 
a  little  water  is  run  in  and  a  grinding  of  longer 
or  shorter  duration,  accordint;  to  t\u'  wci'_'lit 
of  the  fjriuding  stones,  sufhiis  to  reduce  the 
material  to  fine  powder  in  suspension  in  A\ater. 
This  form  of  p.'in  i'--  extensively  used  for  the 
grinding  of  all  dasM  s  of  pottery  in;itt  rinls, 
such  as  flint,  stone,  felspar,  plaze,  &c.,  that  are 
required  in  a  state  of  powder.   The  stones  of 


the  pavement  and  the  numeia  are,  of  ooucae, 
worn  away  ;  henoe  it  is  advisable  to  have  them 

of  some  Kubstmrc  whose  introduclicm  into  the 
body  in  small  quantities  will  not  cause  any  serious 
diaturbanee  of  ita  properties.  Chert  paltng 
■tones  and  runnei-s  are  obtaine<l  in  the  districts 
round  Mold  and  Chirk  in  North  Wales,  from 
the  Bakewdl  and  BradweU  distrioto  of  Moith 


m/fm 


Vic.  1. —  Ukindino  Pan. 

Floor  liiH'.  rn  I'aii  >i<l»'s.  r/.  ruvcnieiit  of  chcrl. 
a.  l>rlviriir  •'liiift,  working  in  i  i-ntrc  tul>  ami  carry- 
ing arma  c  wl^ich  drive  large  bloclis  ot  chert  over  the 
face  of  the  pavsmsnt  4, 

Derbyshire,  and  blocks  of  massive  quartzite 
are  also  quarried  in  the  neighbourhood  t)f  Oban, 
in  Achill  Island  and  in  the  vicinity  of  Chcr> 
bourg.  In  the  pans  for  grinding  «hina-stone, 
blocks  of  hard  china-stone  are  often  used  both 
as  pavers  and  runners.  A  pan  of  this  descrip- 
tion, 12  ft.  in  diameter,  and  carrying  a  load  i  f 
from  &  to  6  tons  of  runners,  should  grind  1  tun 
of  calcined  flints  in  12  hours.  Tn  recent  years 
grinding  c>  litulers  of  various  types  have  to  some 
extent  replaced  thij  type  of  grinding  pan.  An 
iron  cylinder,  lined  with  blocks  of  quartzite, 
stoneware,  or  p<)r<elain,  and  providerl  -wnth  a 
manhole  for  the  introduction  and  removal  of 
the  charge,  is  mounted  on  bearings  so  that  it 
can  be  rotated.  The  material  to  be  ground 
(flint,  felspar,  fritt,  &v.)  is  charged  into  the 
cj'lindcr  in  a  coarse  powder,  such  as  is  cd»tained 
by  passing  it  through  a  oruaher  or  edge-ruuoei 
pan  and  a  charge  of  flint  pebUea  or  other 
suitable  pulverising  material  is  added.  The  man- 
hole is  then  tightly  closed  and  the  cylinder 
rotated,  when  the  moving  charge  of  pebbles 
and  material  irruduidly  reduces  the  latter  to 
an  impalpable  powder.  The  material  can  either 
be  ground  dry  or,  preferably  in  most  cases, 
with  water.  I  K.  ir  discussion  of  '  dry  *  and  *  wet  * 
grindint?  and  of  '  pan  '  and  '  cylinder'  grinding. 
tie  various  paj>ers  in  The  Transactions  of  th*- 
English  Ceramic  Society,  and  especially  Studies 
on  Cvlmder  Grinding.  Meflor,  Trans.  Enir.  Opt. 

SOC,  9,        f  t  sfy.) 

To  avoid  waste  of  time  and  power  in  the 
'  wet  *  grinding  of  such  materials,  a  process  of 

elutriatinn  is  used.    It  is  obvious  that  when 
a  charge  c)f  material  is  ground  the  efficiout 
I  work  must  be  completed  in  a  certain  time  bikI 
I  further  'jrindinc:  is.  largely,  wasted.    At  this 
st  ijc  the  uiaterial  is  run  off  the  grinding  pan 
or  cylinder  in  varying  grades  of  I'.neness,  mixed 
i  with  two  or  three  times  its  bulk  ol  water  and 
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thoroughly  agitated.    Tho  mixture  is  allowed  | 
to  settle,  and,  by  the  ainifilo  process  of  drawing  i 
(jtl  sucofssivo  fractions  frum  u  settling  tank  i 
(known  aa  a  wash-tub),  tho  finer  particles  are  | 
dwwn  away  for  am  and  the  coarse  partidea  i 
uv  oonected  iia  residue  and  rettuncd  for  rt>- 
grinding.    Tlie  question  of  the  axa  of  particles  ; 
of  mok  materids  as  flinty  qnartx,  ftu.,  is  of  \ 
great-  technical  importance  (vcr  papers  in  The 
Transactiuaii  of  the  Eugli.sli  ('ciamic  Society 
and  The  American  Ceramic  iSucicty). 

Having  thus  obtained  all  the  materials  in 
a  6n©  state  of  sub-division  and  in  suspension  i 
in  water,  each  i-s  run  into  a  separate  vat,  the 
oubio  oontents  of  which  are  known.  The  specific  > 
gravi^  of  eaok  of  the  '  dop '  liquids  is  aao«r> 
tained  and  the  proper  quantities  ari^  inixi  d  in  a  | 
big  vat  or  blending  ark  and  thoroughly  agitated. 
Such  a  mixture  b  Known  as  *  slip. '   This  method 
of  slop  blending — at  best  a  rough  volumetric 
one — ^though  in  general  use,  needs  very  careful 
supervision  in  order  to  obtain  accurate  results. 
Alternatively,  the  ground  and  dried  niat«>rial8 
are  each  separately  weighed  and  then  agitated 
together  in  water.    The  difficulty  of  this  method, 
wliioh  at  fictt  eight  looks  magiKi,  is  to  obtain  . 
the  materiali  in  a  state  of  eoneijitent  drynes%  | 
for  clays    lir  li  -iro  apparently  dry  retain  2  or  3 
p.c.  of  water,    in  very  precise  work  the  latter  . 
Biethod  is  pveferaUe ;  on  the  nannfaotnring  I 
■eele  the  former  is  sufficiently  accnrnto. 

When  tlio  materials  have  been  made  into 
slip  they  are  carefully  sifted  through  fine  flioTes  ' 
of  hra.^H.  ^^ilk,  or  pnosphor-bionzo  to  remove  j 
all  coiUiie  particles,  dirt,  &c,,  and  then  HnaUy 

*  inagneted  '  to  remove  any  particles  of  nietallic 
icon,  or  of  magnetisable  iron  compound^  which  i 
tnay  faaTeoomein  by  way  of  themateiiels  orfrom  | 
the  machinery,  and  which,  if  loft  in  the  paste,  pro- 
dooe  black  specks,  a  quite  unsightly  diafiguro-  | 
ment  in  white  bodies.   In  this  country  the  1 

*  magneting  '  is  done  byrmnirr^  thr  slip  tlirough 
a  box  or  spout  containing  a  number  ot  huriwshop 
magnets  suspended  so  th^  they  nearly  touch  tho 
V-<-itt<">m  ;  or  elertrn-mtt'irnpts  arp  ii^pd.  Twenty 
years  ago  such  inethejds  were  in  their  infancy,  but 
daring  that  time  many  ingenious  devices  for 
8ieTingandeleotro*magtteting  have  been  invented  : 
tor  deaHni;  with  potters*  materials  at  Tarions  ' 
•<ta^'e'?nf  their  preparatii>u.  Theslip  mixture. thus 

cleansed,  is  in  condition  to  be  miade  into  potters'  1 
day.   Two  methods  of  doing  this  are  in  wide-  i 
Hpri^T?  n«:o.    The  older  method  is  one  nf  evapnrn- 
tion,  in  which  the  tslip  is  run  into  shallow  brick- 
work tanks  (slip-kilns)  to  a  depth  of  from  6  to 
Ins.,  and  then  dried  to  the  proper  ronsistency 
by  fires  burnt  under  the  tanks  or  by  ooils  of 
steam -pipoA.    This  process  is  now  only  used 
where  small  qnaatities  are  to  be  operated  on»  j 
where  many  (Afferent  bodiee  are  made,  or  where  \ 
the  nature  of  the  mixt\ire  is  yurh  as  to  render 
the  removal  of  small  amoonts  of  soluble  salts  j 
ottdeeiralile.   day  made  in  this  way  mnsi  be  i 
enrefnllv  betten  triqether  to  render  It  of  uni- 
form consistency,  for  it  is  liable  to  cont  dn  hard  , 
lompe  tliat  have  been  burnt  from  contact  \iith  < 
the  brickwork  ;  the  process,  too.  is  slow,  and 
therefore  quite  inadequate  for  the  production 
of  tho  lar^ft  quantities  of  clay  reqnire<I  in  the 
great  pottery  works  of  England  and  other , 
eoinitriee.  liie  method  now  adopted  in  all 
works  wheie  large  qnantitiee  of  clay  axe  requited  I 


is  one  of  filtration  under  pressure.  The  slip 
is  flelivercd,  by  forcc-pumpa  working  at  pres- 
sures up  to  about  76  lbs.  on  the  square  inch, 
into  strong  canvas  bags  supported  between 
Anted  wooden  or  iron  trays  securely  demped 
t<»i,'ether.  The  bags  expand  a  little  nntil  they 
till  the  space  between  each  pair  of  trays,  and 
then  act  as  filters,  the  water  being  driven  through 
the  pores  of  the  cloth  and  a  mass  of  plastic  clay 
left  behind.  The  time  taken  up  in  this  process 
depends  upon  the  nature  of  toe  body;  bodies 
like  those  of  porcelain,  granite-ware,  Ac,  which 
contain  only  a  small  proportion  of  plastic  material 
part  with  their  added  water  readily ;  those  used 
H»  maii^  varieties  of  earthenware,  wluch  oon- 
tarn  a  large  proportion  erf  plastie  elay,  retain 
their  water  more  obstinately  and  take  a  longer 
time  to  attain  the  right  consistency.  The  pottero* 
olay»  as  it  is  delivered  from  tlie  ffiter-press,  is 
always  harder  on  the  outside  of  the  ( ake  than 
on  the  inside  and  it  is  either  thoroughly  beaten 
together  or  pnt  through  a  pug-mill  or  rolUng 
muohine  tn  render  it  uniform  i&  OOOsiflteilCty 
and  free  it  from  air-bubbles. 

Some  reference  must  be  made  t  <  >  the  obscure 
phenomena  connected  with  what  is  known  as 
the  *  ageing '  of  prepared  olays.  CMitariee  el 
practical  (experience  have  shown  that  such 
mixtures  improve  in  plasticity  and  working 
properties  if  they  are  kept  for  a  conHderaUe 
period  and  watered,  beaten,  and  turned  over 
occasionally.  The  probable  explanation  oi  this 
long-recognised  fact  is  to  be  found  in  the  modem 
view  that  clav  if?  a  colloidal  substance.  It  has 
been  fairly  wfcll  established  that  the  plasticity  of  a 
clay  or  clay  mixture  is  determined  by  the  amount 
and  nature  of  its  ooUdds.  The  action  of  re- 
latively small  amounts  of  add  or  alhalnie 
substances  on  clay  is  thus  explicable  ;  likewise 
the  fu€t  that  the  addition  of  certain  colloids- — 
sneh  as  ^oe,  aue,  or  soap  in  ancient  practice 
and  tannic  acid  or  tannates  in  modern  work — 
has  proved  of  value  in  improving  the  workine 
properties  d  a  day  mass.  Another  practieu 
ontcome  of  the  action  of  dilute  alkalis  on  ela3rB 
w  ill  he  referred  to  in  connection  with  the  latest 
methncK'  of  casting  pottery  (q.r.). 

The  body  beu^g  ready,  than,  lor  the  hands 
of  the  potter,  some  conddevation  must  be 
bestowed  on  tlxe  methods  of  shaping  the  desired 
articles  from  it,  for  these  methods  vary  both 
with  the  diape  tad  the  dse  of  the  article  and 
with  the  nature  of  the  body.  For  rnnnfl  articles 
and  with  plastic  mixtures  a  verv  old  procets, 
that  of  *  tnrowing  on  tho  wheel  ^ — is  generally 
adopted;  but  for  articles  of  oval  or  irregular 
shape,  or  with  bodies  of  uliglit  plasticity,  other 
methods  must  be  used  and  of  those  the  most 
important  arc  pre$^ng  and  casting. 

Pressing  is  a  technical  term  applied  to  two 
distinct  pr()ce8.ses  :  i'l)  ]>l;istic  prt■-.-.in^^  in  which 
the  article  is  made  from  moist  day ;  (b)  dry  Dress- 
ing, in  which  the  article  is  stamped  out  of  clay 
du.st.  In  plastic  pressing  the  rlny  is  henten  or 
rolled  out  into  a  thin  cake  or  '  bat,'  which  !<  1  lien 
pressed  by  the  workman  into  moulds  of  jiln  -ti  r 
(if  Pnris  or  baked  rluy  fexeeptionally  of  sulphur 
or  aietal),  which  arc  generally  made  in  sections 
so  as  to  be  readily  taken  to  pieces.  When  each 
secUou  of  the  moidd  has  had  a  bat  of  clay  applied 
to  it  and  rubbed  down  into  all  its  lines  and  in- 
dentations,  the  portions  are  fitted  togellier. 
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tightly  strapped  up,  and  thu  seams  or  jomts 
we  smoothiKi  down  so  that  the  clay  forms  one 
pipcTt  itiiiirU'  the  mould.  On  standing,  the  clay 
dric8  a  little  !io  tlxat  it  contracts  slightly  and  thus 
rt  loHiies  itself  from  the  mould ;  whMi  it  is 
hunioiiMitly  hard  to  bear  handling  the  mould  is 
taken  upurt  and  the  piece  removed ;  its  seams  I 
anded^es  are  trimmed  down  and  spunLifl  smooth  ! 
and  it  u  put  to  dry  in  a  hot-air  stove,  prepara- 
tory to  firint;.  Many  artudes  of  pottery  are 
nnw  n.  Ill'  .  ouinmeroially,  by  pressing  plastic 
day  mixtufeii  in  a  die  or  through  a  *  template  ' 
<^  the  required  shape  by  moehaaioal  power. 
This  process  ia  knowu  as  '  compression.'  It  is 
largely  uned  fur  tho  muuufacture  of  drain  or 
scwcr-pipos,  or,  with  suitable  modifiotlioiie.  for 
brirks.  roofing  tiles,  building  blocks,  cruciblee 
and  similar  articles.  The  enormous  quantities 
of  tiles  used  in  thf  inttToal  decoration  of  build- 
ings are  prepared  by  the  '  dry  '  pressing  process. 
The  body,  alter  a  oarsltil  prt  pa  ration  aa  detafled 
above,  is  taken  from  the  Hlter  press,  dried,  and 
then  ground  to  powder  in  a  disintegrator  or 
between  rollers  or  mill«8tones.  This  powder 
or  clay-dust  is  slightly  damped  so  thnt  if 
a  handful  of  it  is  squeezed  it  adheres  loosely 
together.  It  is  filled  into  a  metal  mould,  a  die 
is  lorctMl  dowTx  upon  it  by  hand-  or  mechanical- 

Sower  and  the  tile  is  thus  stamped  from  the  clay 
ust.  Such  a  tile  possesses  suflicient  adhesion 
to  bear  the  handling  necessary  to  fire  it  and 
when  fired  it  beoomes  hard  and  soooraua,  though 
not  quite  so  hard  or  durable  as  a  tile  made  from 
clay  by  the  old  plastic  process. 

Ctutinff.  The  third  method  in  general  use 
for  the  fabrication  of  pottery  articles  is  the 
simplest  of  all  methods  and  is  mostly  u»ed  for 
those  mixtures  which  do  not  yield  a  very  plastic 
bod}',  pwrh  a-;  those  required  for  the  ordinary 
jK;rceIam3  and  parians.    The  mixed  slip  ia  not 
made  into  clay,  but.  aftt-r  being  got  to  such 
density  that  a  pint  of  the  fluid  mixture  weighs 
about  30  oz.,  it  is  poured  into  moulds  made  of 
plaster  of  Paris.    The  plaster,  being  porous, 
absorbs  the  water  from  the  '  slip,'  and  a  thin 
eoatinK  of  day  is  deposited  on  the  inside  of  the 
pla';ter  mon!(b    When  this  coiif  inf.'  i.«i  of  snfticicnt  I 
thickness  ihi-  remaining  slip  is  poured  out  and 
the  nioiilii  and  its  clay  CASt  are  set  aside  to 
drain.    After  the  superfluous  slip  has  drained  I 
away  the  mould  is  place<l  in  a  hot-air  stove;  ■ 
the  east  shrinks  away  from  the  mould  and  can 
then  be  drawn  out  (or  the  sections  of  ttie  mnuld 
are  removed  from  it),  smoothed  off,  thomiighly 
dried,  and  the  east  article  is  ready  for  the  lirini! 
pro<iei«.    For  an  account  of  the  application  of  , 
compressed  air,  &c.,  to  enable  large  pieces  of  | 
porcelain  tn  be  mst.  f^r  Auseher,  'Technologic  j 
tie  la  Corauutjiu  ,  pp.  158-159. 

A  striking  instance  of  the  application  of  I 
scientitic  method  to  ancient  ]>ractioe  is  shown  | 
in  the  most  recent  developments  of  the  ea.sting 
proces.H.    The  met  lux!  of  ea.sting  pottery  seemB 
to  have  been  invented  by  the  Staffordshire 
potters  of  the  period  1740-17fiO  and  they  soon 
learnt  that  the  addition  of  a  dilute  alkaline 
iiolution  such  &h  that  of  Kodium  carbonate,  i 
enabled  them  to  *oa8t*  mixturen  that  were  I 
other^i-r   imjirrtr't iriMc.     In  l.H!»l,  (Ifnlz  wa.s 
granteil  a  (iniiian  ])atent  for  Ibis  a]*|>lK  at  ion 
(D,  R.  P.  ■;<>247,  1891),  and  lliis  was  hailed  as 
a  comarkable  discovery  though  it  had  long  been 


known  in  England  and  France.   The  method 
has,  however,  become  of  great  practical  im- 
portance, for  the  addition  of  dilute  solutions 
of  alkaline  subbtances  (soda,  potash,  waterglass, 
Ac.)  to  an  Ofldinary  clay  mixture  enables  the 
potter  to  Tif!p  a  clay  .^lij)  ut  36  oz.  to  the  pint, 
coutaiuing,  thcrcfure,  only  about  30  p.c.  of 
water  instead  of  about  50  p.c.  of  water  contained 
in  slip  at  30  oz.  to  the  pint.    This  slip  pours 
better  and  is  freer  from  bubbles  of  sir  thnn 
ordinary  slip  aiiil  the  method  is  now  extensively 
used  m  the  manufacture  of  large  sanitary  piecew, 
glass-pots,  building  UodEs,  saggers*  Ac.,  for  it 
can  be  used  either  •with  ordinary  (Any  mixtures 
or  with  those  to  M-hich  coarse  materials,  such 
as  *  grog,*  ground  pitcher,  Ac,  have  been  added. 
Its  use  aim  allows  the  fabrication  of  tea-pots, 
jugs  and  other  intricate  shape^i  in  one  piece 
where,  formerly,  the  artid<»  had  to  be  made 
in  three  or  four  separate  moulds.   This  action 
of  dilute  alkaline  solutions  is  explained  by  rap- 
posing  that  the  clay  colloids  have  lieen  ehanf:e<i 
from  < sel '  to ' sol '  (sre  J.  W.  Mellor,  &c..  Trans. 
Eng.  (Sr.  8oe.  1W6-1907,  p.  161  tt  «^.). 
j      Thon^h  applied  with  slight  difference  of 
I  detail  to  suit  different  bodies,  and  with  the 
I  introduction  of  much  machinery  for  the  saving 
I  of  lahonr,  these  three  methods  of  throwing, 
i  pressing  and  casting  comprise  in  principle  all 
the  methods  used  m  the  shaping  of  pottery. 
(For  details  of  the  ptooesses  in  actual  use,  r. 
worln  mentioned  in  the  fribliography.) 

The  following;  (alile  exhibits  in  i>i-reeiitap(  .- 
the  composition  of  the  most  important  bodies 
in  general  use : — 

Sevres  Porcelain  (hard  Porcelain) :  kaolin  48. 

felspathelie  sand,  48,  chalk  4> 
Berlin  Porcelain  (hard  poroekin);  kaolin  7S, 

felspar  25. 

Meiissen  Porcelain  (Lard  porcelain) :  kaolin  73, 

felspar  25,  ground  porcelain  pitchers  2. 
Vienna  Forcelam  (harcl  porcelain) :  kaolin  72, 

felspar  12,  quarts  12,  g^  psvm  4. 
English  HoiM  China :  china  day  26^  china  stone 

25,  bone  ash  flO. 
flngtish  Ckeam-ooloured   Earthenware:  baU 

elay  50.  china  clay  10,  flint  35.  ptnne  5. 
Kiiglibh  White  Earthenware ;    boll  clay  25, 
china  clav  32,  flint  34,  stone  8  oxide  of 
CO  bah  0'd5. 

English  White  Tile  Body :  ball  clay  28,  china 

elay  28,  flint  4(i,  stone  4. 
English  Granite  Ware;    ball  cla^'  25.  china 
clav  25,  flint  40.  stone  10,  oxide  of  cobalt 

n08. 

English  Tcrra-cotta :    red  marl  ixi,  jimt  5, 

Cornish  stone  6. 
English  Porian  :  chir.a  clay  36,  fel-par  64. 
English  Mortar  Body  :  ball  clay  2a,  chma.  cby 

20,  stone  55. 
Englinh  Evaporating  Pan  Clay :  ball  clay  25* 

china  clay  14,  stone  46,  flint  15. 
English  Fine'Wliite  St(pneware:   ball  clay  25. 
china  clay  20,  flint  10,  stone  45,  oxide  of 
cobalt  0>«2. 

Enpliyh  Black  C'lav  :  n  d  marl  7.*^,  oxide  of 
manganese  (AlniJj  0,  cakintd  clay  iron- 
Htone  19. 

Frenc  h  ,s;di<  icii>  J'ai«nce:  china  clay  24,  cbslk 

24.  Unit  or  .>aikd  48.  fritt  4. 
Frittfor  above :  sand  85,  potassium  carbonate  7, 
sodium  bicarbonate  3,  whiting  5. 
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BVenoh  Tile  Body:   ball  clay  25, 

sand  15,  cru.shc*!  firt brick  3."). 
These  uiixtun-ii  an-  I'Xtciisivfly  ust-d,  but, 
M  already  said,  the  }>  'tt*  r  uf  every  country 
must  use  in  practice  such  clays  and  other  sub- 
stanoes  as  arc  readily  procurable  to  moet  his 
particular  requirt-jnenta.    The  history  of  pottery 
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flnolay  horn  known  a«  saggen  (¥r.  eatetto)), 

which  are  piled  onp  upfui  another — each  pile 
of  sasgers  being  called  a  '  bung ' — in  a  large 
ohamler  built  of  firebrick.  Such  a  chamber 
forms  a  kind  of  vertical  rcverberatory  furnace 
and  the  flames  play  directly  into  it.  The 
particular  form  of  furnace  used,  the  methods 


•hows  how  much  the  pottm  of  eveiy  time  and  of  tiriiig,  and  the  sequeace  of  opecations  aie  so 
ooimtry  have  been  ininienoed  in  thdr  doings  by    '  *  ^   ^  — "  *  

the  materials  at  their  command.  How  pro- 
foundly the  hnal  result  is  influenced  by  methods 
of  tnatment  may  be  seen  from  the  following  table, 
where  the  chemical  composition  of  the  most 
important  modem  species  of  pottery  is  shown : — 


I 


SlUca 


Oxide 
An-  of 
nun*  I  Iron 


Lime 
and 

Msfa 


Ordinary  stone- 
wares 

Fine  white  ^tone- 

wares  . 
Engliiih  eartben- 

wares 

Hard  porcelains. 


P.c.  P.e. 
88-76  20-25 


P.C. 

2-10 


P.c. 
1-2 


0- 


70-75  20-25  0  2-1 
60-75  17-28  0-1-1  5  0-5-2 


Alka- 
lis 


Vjc. 

2-5 


2-3 


60-75  19-83  0-1-1   0-5-1  !  irb-6 


The  tild  view  of  the  classification  of  pottery 
bodies  seemed  to  imply  that,  given  a  ctirtain 
percentage  of  silica,  alumina,  Jkc,  we  had  a  ^ 

complete  explanation  of  the  dififerenoes  between  |  body  and  glaze  are  fired  together  at  a  hightem 


different  in  the  ease  of  hard  ponehln  horn 

those  employed  with  other  species  of  puUeiy 
that  thev  demand  a  separate  notice. 

Hard  pwoelain  ia  one  of  the  moet  distinot 
types  of  pottery,  but  owinp  to  the  lack  of 
sufficiently  refractory  fireclay  and  to  various 
other  causee»  many  of  them  eomiomie,  its  manu* 
facture  has  never  obtained  a  pennanent  foot* 
hold  in  this  country.  In  various  European 
countries,  as  well  as  in  China  and  Japan,  it  is 
extensively  manufaotured  and  in  tne  table 
given  above  will  befomd  tiieoompoaition  of  the 
bodies  used  at  the  impecill  factories  of  various 
countries.  From  the  composition  of  these 
mixtures  it  is  obvious  that  they  can  possess 
only  a  relatively  low  degree  of  plasticity  and 
the  manufacture  of  large  and  elaborate  pieces 
becomes  diflBcult  and  costly.  Twhnically,  the 
most  distinctive  feature  of  this  form  of  nottecy. 
whether  we  are  dealing  with  the  proanete  of 
Europe  or  the  Far  East,  lies  in  the  fact  that  the 


owtbenware,  stoneware,  and  porcelain.  The 
above  table,  which  represents  the  reduction  of 
hnndreda  of  analyses,  together  with  a  great  mass 


peratnre.   In  other  important  speolee  of  potter^', 

except  salt-glazcd  or  once-fired  wares  where 
the  temperature  is  not  so  high,   the  body 


of  other  fMta,  tervee  to  show  that  the  ehemioal  1  ia  fli»t  fire<l  to  a  high  temperature,  which  pro- 


compf)sition  is  of  minor  imiwrtanco  compared 
with  (a)  the  chemical  and  physical  constitution 
of  the  materials  used ;  (b)  the  amount  of  re- 
arrangement that  the  conditions  of  firing  and 
its  final  temperature  ultimately  produce.* 

Firing  of  the  body.  The  finng  of  the  ware  is 
one  of  the  mostimpcnrtant  branches  of  thepotter's 
bosiiieea,  for  the  anrability  and  cconomio  vahie 
of  any  kind  of  pottery  lrirL'<  1  v  depend  upon  this 
Hatior*  Each  mixture  requires  a  difierent 
method  of  firing,  or  a  different  degree  ol  heat, 
to  yield  the  best  result.  .Vs  a  general  rule, 
bodies  of  the  first  clas.s  «lo  not  require  so  nnich 
heat  as  those  of  the  second  class,  nor  those  of 
the  second  so  high  a  temperature  as  those  of  the 
third  class.  A  clear  red  heat  (H(Kj°-900**)  is 
quit<'  sufficient,  for  instance,  for  the  bumin 
of  ordinary  teicks;  the  bodies  of  the  seoon 
claM  require  a  wUte  beat  (1IS0*-1280") ; 

whilst  of  till'  hnrlir-s  inrluili  d  in  the  thinl  ola.'^s, 
English  l)onu  china  requires  about  1250'*,  and 
hard  TX)rcelain  requires  still  higher  tempetaUuee 
(I3rio°  i500*>,  varying  aoooidmg  to  the  oom- 
position. 

Bffioki,  tiks,  drain-pipes  and  other 

coarse  pottoy  are  exposed  directly  to  the  flames 
and  may,  incfeed,  be  burnt  in  hoafe  or  clamps?, 
though  huniing  in  kilns  or  ovens  is  now  largely 
superseding  the  old  wasteful  method  of  burning 
in  the  open.^  For  the  finer  bodies,  however, 
such  as  those  of  the  second  and  thirrl  rla-sses 
given  above,  direct  contact  with  the  flames, 
except  when  the  articles  are  to  receive  a  salt- 
glaze,  is  generally  inadmissible  ami  .wuch  articles 
are  therefore  inclosed,  or  carefully  packed,  in 

*  It  mast  aot  be  assoaad  that  all  pottery  bodies 
have  eoavo«ltlon«  which  He  hetwsen  hmm  flffure* ; 
I  are  only  typical  of  lar^  and  fanpottant  groups. 


duces  durable  '  biscuit '  pottery,  and  then,  at 
a  subseauent  operation,  a  coating  of  fusible 
materials  is  melted  over  the  surface.  The  fine, 
white  <>arthenwares  of  English  manufacture 
have,  practically,  the  same  ultimate  chemieal 
composition  as  porcelain  (t*.  table  alx)ve),  but 
the  firing  temperature  is  not  sufficient  to  bring 
about  the  molecular  ro-arrangoment  that  we 
may  call  '  poroelainisation,'  though  it  is  quite 
sufficient  to  produce  a  distinct  species  of  pot* 
tery  possassmg  ^onie  useful  qualities  that 
porcelain  lacks.  h\  hard  porcelain  the  manu- 
facturer must  use  mixtures  and  processes  by 
means  of  which  the  body  will  *  jxjrcelainiso  ' 
and  the  glaxe  mature  at  one  and  the  same  tem- 
perature (v.  Burton,  W.,  Boroelain,  Ac,  1900, 
chap.  i.  rl  St  I/.).  A  ]xittery  mixture  twcomes' 
*  poroelainised,'  probably  when  the  chemical 
and  rooleenlar  rearrangements  have  proceeded 
so  far  towanls  fusion  that,  in.stead  of  an  in- 
definite mixture  uf  aluminates  and  silicates 
with  free  silica,  a  stage  is  reached  in  which 
definite  silicates  are  foimed  and  the  preponder- 
ance of  certain  crystaUtne  or  mioro-orystalline 
compounds  confers  on  the  fired  mass  optical 
and  other  nhysioal  projgerties  which  have,  for 
eentnries,  oeen  noognised  as  distinguishing 
the  porcelains  (vuy  indefinitely)  from  other 
kinds  of  pottery. 

When  t  he  artides  have  been  shaped,  they  are 
air-dried  (Chinese  practice),  or  are  fired  to  a 
comparatively  low  heat, /fu  draourdi  7l>0°-WK_»*'. 
(Japane.se  iini  European  practice)  in  a  glol*  or 
chamber  (b.  Fig.  2)  placed  over  the  oven  proper 
and  heated  by  the  waste  heat  from  it.  By  this 
latter  operation  the  articles  an  (rmipletelv  dc- 
hydnted  and  rendered  hard  enough  to  take  a 
ooat  of  gUze  witii  less  risk  of  breaUng.  The 
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glaze  consists  generally  of  feLipathic  mincraih 
similftr  lo  those  itwd  itf  compounding  the  body,  i 
or  of  mixtures  of  febspar,  quartz,  &c.  (v.  Olaees, 

infra),  gmuiid  to  tine  p«nv(l(r  aiul  held  in 
suspension  in  water.  The  article,  whether  de- 
hyomted  or  str^dried,  is  dipped  in  the  miztore, 
or  thfi  glaze  is  j>encill('cl  or  Mown  on  to  it,  and, 
on  drying,  a  coating  of  tino  glaae-powder  is 
left  on  the  piece,  llie  pieces  are  then  placed 
in  saggers  or  the  most  rcfrnrtorv  fire-clay,  and 
elaborate  precautions  are  taken  to  support  them 
•0  that  they  ah*U  not  toaeh  eaofa  other  or  the' 


V».  S.^Ovnr  vob  Habd  PoBoiLAnr. 


A.  Ovoii  projver.  B.  Ulobe  where  the  ware  is 
bixdened  before  gUuiag.  0.  Moutli  or  fireplace, 
n.  Door.  I 

sides  of  the  saggers;  they  are  also  propped 
and  supported  from  certain  points  so  as  to 
diminish  the  risk  of  sinking  out  of  shape  in  the 
firing  owing  to  the  partial  fuj<ion  of  the  Ixjiiy 
which  takes  place.  The  saggers  of  ware  are  then 
plaoed  in  the  OTen  (a..  Fig.  2)  in  piles  or  bungs  ' 
nntil  the  oven  is  Kuitaltly  tilled.    The  dofirwny 
D  is  bricked  up  and  a  lire  is  started  in  each  of  , 
the  months  o,  of  whieh  there  are  four  to  eight  I 
or  ten  at  equal  distances  round  the  oven.  In 
some  caaca  two  or  more  chainl)ers  are  built 
above  each  other,  nnd  the  gases  from  the  first 
are  conducted  through  the  others  in  such  a 
way  that  when  the  first  oven  or  chamber  is  ; 
sufficiently  fired  the  one  above  it  is  abtrnt  half  I 
tired,  so  that  a  much  smaller  quantity  of  fuel ' 
is  needed  to  complete  the  burning.   The  form 
shovni  ill  Fir:.  2  is  th.'il  Lrmcrallv      d  in  I.iniorrc-s. 
the  great  seat  of  the  Frenc  h  porcelain  indu.'-try. 
Wood  WSS  commonly  used  as  fuel  until  recent 
times  b<'oausc  of  its  long,  clear  flame;  but 
nowadays  coal  or  some  gaseous  fiul  is  used 
{sefi  below),    'i'lu-  tiring  is  alloweil  to  proceed 
slowly  for  12  to  20  hoars,  so  that  the  contained 
and  combined  crater  may  be  expelled  from  the 
body  by  slciw  and  gndnil  stAges.    When  the 
temperature  reaches  600*— 700"  all  danger  of 
craoking  or  rupture  of  the  pieces  from  this  cause 
ceases,  and  the  tenij'i  r.itiire  can  be  rai>e(i  more 
rapidly.    Beyond  this  point,  the  silicates  begin 
to  fuse  and  reaet  upon  each  other,  and  the  m> 


crements  of  temperature  must  be  gradual  and 
regular  until  the  final  point  is  reached.  Then 
the  temperature  must  be  maintahied  in  a  state 

of  equilibrium  for  a  sufficient  period  to  allow 
the  new  compounds  to  mature.  The  firing 
period  varies  from  00  to  ISO  hours,  after  which 
the  fire-mouths  are  closed  ni  r|  the  ovea  and  Hs 
contents  are  allowed  to  cool  slowly. 

Other  bodiet.  With  nil  other  species  of 
pottery—except  those  which  are  so  vitrifiable 
as  to  need  no  glaze.  Ijeeoming  of  themselves 
impervious  to  liquids,  and  those  which  are 
tired  and  glased  at  one  operation  withovl 

*  poroelsinisation ' — thoe  are  two  distinct 
firings  of  the  ware.  In  the  first,  known  as  the 
biscuit  firing,  the  clay  article  is  very  strongly 
heated,  becoming  hard,  compact  and  sonorous, 
and  though  remaining  porous,  it  may  be  so 
durable  as  to  serve  many  useful  ]>iiri)ose(-'.  To 
render  it  impervioas  to  liquids,  or  for  various 
decorative  purposes,  this  once-fired  pottery, 
known  as  biscuit '  or  '  bisque,*  receives  a 
coating  of  glaze  material  and  is  refired  at  a 
sufficiently  high  temperature  to  vitrify  this 
gkuw.  This  second  fire  k  known  as  the 'glost* 
nre,  and  is  always  of  less  intensity  than  the 

*  biscuit '  fire.  The  ovens  commonlv  used  for 
biseuit-firing  are  shown  in  Figs.  3  and  4. 


AeroMoiMoftheehimn^.    AeroHooe  of  the  mouths. 

Fsa,  3.— VxRTiCAL  Sk<  Ttox  or  Himtoh's 
Patent  Ovek. 

a.  Mouth,  h.  Huff  Lir  sln»rt  rhimucy  into  oven, 
r.  I'tep-hi'li'.  (/.  MfHcs  for  lirawiiig  triaU.  e.  Cruwn- 
liolc,  eloM'd  iluriiiK  tiring  by  damper/.  9.  Well- bole, 
coin  (III  I II  i<  itiiii;  with  tl 068  ik,  whieh  open  hitoditaiiieyB 

J-  ill  the  walU  nl  oveil. 

The  form  of  oven  showTi  in  Fig.  'A,  above, 
and  known  as  the  dow n-dranght  oven,  is  on 
'  improvement  on  the  older  form  (Fig.  4).  Here 
there  are  no  flues  running  from  the  mouths 
under  the  Hour  ..f  the  oven,  but  all  the  tinuie 
plays  into  the  tiring  chamber  by  the  short, 
upright  'bags'  or  chimneys  (b).  The  flames 
iiit  up  the  side  of  the  oven  to  (he  loof  or  crown  { 
but,  a.s  the  damper  U)  is  closed  during  the  tiring^ 
•  the  flame  is  reverberated  down  throng  the 


Digitized  by  Google 


POTTERY  AND  PORCELAIN. 


375 


central  portions  of  the  oven,  and  the  smoke  and 
wjwstc  gases  are  drawn  out  thruu<^h  liic  wvll- 
holt-  (g)  and  the  Hues  (A),  which  open  into  the 
chinuiejni  («)  inclosed  in  the  wali  oi  the  oven  in 
(he  spaoe  bettroen  eneh  p«ir  of  mouthn.  The 
heat  i.^  more  evenly  (h"striiiute<I  in  this  form  of 
oven  than  m  the  old  form  (shuun  in  Fig.  4  and 
described  below) ;  ihtm  is  a  larger  yield  of 
well-fired  pottery  from  it.  and  the  8amo  quantity 
of  pottery  is  tired  with  a  smaller  consumption 
of  coal.  This  form  of  ovon  is,  however,  more 
oostiy  to  build,  and  unless  the  proportion  of  air 
vpftoe  in  mouths,  chimney,  and  oven  is  carefully 
n.irulute<I.  one  ]xjrtion  of  the  firing  chamber 
may  bo  heated  8uiIioieat4y  while  another  part 
may  be  relatiTely  oold.  Tkb  ormm  lued  In  this 
country  rancc  from  12  to  20  ft.  in  interiml 
diameter,  ana  an  oven  of  the  latter  size  will  hold 
•boot  aOOO  .saggem,  each  coatfthung  from  one  to 
a  score  i  >f  pieces ;  such  an  oven  rf»qt3irr>-  nhoiit 
10-12  tons  of  coal  in  a  firins  of  from  (K»  to  «0 
hours.  The  main  points  to  DO  afetoided  to  are 
(a)  fixing  very  slowly  at  the  commencement  so 
U  to  gradually  ex|w>l  the  water  remaining  hi 
the  pieofs,  otherwi-se  the  ware  is  liable  to  be 
violuitiy  ruptured;  (b)  gradually  laiuns  the 
heat  and  keeping  it  regular  and  equal  m  all 
parts  of  the  oven  and  at  no  time eithier  suddenly 
increasing  or  checking  it. 


FW.  4.-^0]IM0W  OB  UF'DBAUOHT  Otsn. 

A.  Body  of  oven.  B.  Hovel  or  hood.  c.  Months, 
p.  Bag  or  upright  chlniDey.  u'.  ottiur  h&gs.  b.  Peep- 
hole, «.  Bottom  flam  aoder  floor  of  oven,  mnntaui  to 
well-hole  «.  «.  Trial  holes. 

Fig.  4  reprcHcntts  the  ul<i  or  up-draiight  jyj».- 
of  oven,  in  which  the  flame  from  the  niouth.s  of 
viiioh  there  are  from  8  tu  10  arranged  at  equal 
distances  round  the  oven,  pla3'8  directly  into  tlie 
firing  chamber  (a)  hy  the  short,  upright  chimneys 
or  'oags'  (DD).  JBeaidee  these  chimnov.x,  Hues 
(es)  run  from  eaoh  mouth  to  a  welKhole  (x)  in 
tlie  centre  of  the  oven  floor  :  over  th'<  wi-II-liole 
a  bung  uf  perforated  saggers,  known  as  the 
uipe*bung,  is  arranged,  so  that  a  portion  of  the  | 
flune  is  drawn  into  the  ceotro  of  the  oven.  I 


I  The  ware  is  bedded  in  sand  or  ground  Hint  in 
I  the  saggers,  which  are  then  piled  iu  the  oven 
from  ifoor  to  ceiling,  with  spaces  Ijetween  the 
I  pil^  of  saggers,  or  bungs,  to  admit  the  free  play 
I  of  the  flames.   Ifoles  are  left  at  intervals  round 
,  the  oroMii  t<j  permit  the  escape  of  the  fxinics  and 
'  the  smoko.    The  hovel,  or  hood  (u),  is  built 
I  over  the  wholo  OVea  tO  WOtOCt  it  from  high 
;  winds  and  to  create  a  goou  draught.    The  piles 
I  of  daggers  being  arranged  in  rings  round  the 
central  pipe-bung,  and  the  masses  of  flame 
playing  on  the  walls  of  the  oven,  it  follows  that 
the  centre  of  the  oven  alwa^'s  receives  less  heat 
'  than  the  .space  nearer  the  oven  wali.s  ;    it  is 
.  therefore  ueoessary  to  arrange  the  pieces  iu  the 
,  oven  in  snoh  a  way  that  the  thick  or  heavy 
pieces  shall  ^et  (ho  most  fire,  and  the  flat  or 
thin  pieces  least,  as  they  ar^  most  likely  t«  become 
j  distorted  if  over-fired. 

Tho  types  of  oven  described  nhove,  though 
;  iu  general  use  in  all  pottery  ec  ivtres,  are  so 
I  uneconomic  that  numherle.s.s  patents  have  been 
granted  during  the  last  20  or  30  years  for  their 
improvement.    All  tho  ideas  underlying  those 
:  patents  that  have  not  seriout'ly  modified  the 
oonstaruction  may  be  grouped  under  two  head- 
ings: (a)  improvements  m  the  travel  of  the 
flame  and  products  of  comljustion  so  that  more 
energy  is  utilised  from  the  fuel  burnt ;  (6)  tho 
oooversion  of  the  oven-mouth  into  a  species  of 
gas-producer  so  that  the  coal  is  distilled  as  \\ell 
a^i  burnt.    In  many  cases  the  two  ideas  liave 
been  combined  with  gatisfactoiy  xendts.  What-, 
ever  improvcmenta  have  been   made  in  this 
direction,  and  they  have  already  been  con- 
siderahlo,  the  older  type  of  pottery  kiln  must 
remain  wasteful  and  unscientific  from  t  he  point  of 
I  view  of  energy  consumed  vtftut  energy  produced* 
I  The  nltlnmte  se>lution  of  the  potters  prohlein 
is  tu  bo  sought,  probably,  iu  the  following  com- 
bination :   (is)  a  rdattvely  small  kiln  space 
mnintaineil  nt  a  constant  high  tempprnture ; 
(6)  luethodiii  of  feeding  into  tiiis  chamber,  at 
I  correct  intervals,  successive  batches  of  pottery 
;  which  have  l>eon  gradually  hi  atod  nearly  to  tho 
■  temperature  of  the  firing  cliamWr  by  the  waste 
gases  passing  from  kiln  to  stack  ;  (c)  removal  of 
the  ware  from  this  chamlier  in  Kuch  a  way  that 
it  is  gradually  cool^,  imparting  its  li«it  to 
the   advancing   nir-currents,  wliich   are  then 
er.onoraically  used  to  consume  the  ga&coud, 
liquid  or  solid  fuel  for  the  actusl  firing  chamber. 
I  Alternatively,  where  ga.scous  fuel  is  used,  the 
I  firing  chambers  may  be  built  in  t-eries  m>  u4>  to 
admit  of  the  successive  mtrodiietion  of  (a) 
pottery,  {f>)  hot  waste  gases  for  pradual  lien  tin;:, 
(c)  air  and  gas  for  completion  t>f  tiring,  (d]  air 
f<jr  <!ooling.    The  first  methixl  Iia.s  been  suc- 
cessfully u!ied  for  years  in  the  '  Climax '  kdu  for 
firing  pottery  at  a  comparatively  low  tempera* 
ture  as  when  priiiti  d.  lithogrnphetl,  or  painted 
decoration  has  to  be  fired  on  the  glnzcfi  ware ; 
or,  more  j)crfectly,  in  the  vartoun  types  of  tunnel 
kiln  which  are  eoinini?  into  use  for  the  fiiinj  rf 
Jiotterj'  ut    higher  temiierntiires.    I  lie  .st  tond 
method   has  been  ndoi>trd  for  kilns  of  tho 
'Clcnboig'  type  (r.  Kut..  Pat.  .3.Hr,i'  ,  f  jss!  ;,iid 
Kng.   Pat.    ]lir>^  of    IS90),   and   the   '  Mend- 
hcini  '  and  '  Sie!>ert   k'-]n-.    (For  fnrtl-er  details, 
«fte  Bourry,  'J'raitd  dca  Industries  I'dramiqueH, 
lft97;    Granger,  La  C^ramique  InduHtrielle, 
11)05;  and  Trans.  Eng.  Cor.  8nc.  vols.  2-9.) 
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Effects  pioductd  on  jXyUcry  btjdies  hy  firing. 
We  must  briefly  cmibidtsr  the  cluingeti  prudutcd 
in  a  body  mixtuio  by  tho  action  oi  fire.  Tho 
most  obvious  effects  are  changes  of  col  nir, 
hatdiMHS  and  density,  entire  loss  of  plasticity, 
often  an  incrcast-d  poro>ity,  and,  practically 
always*  a  ahrinkage  ja  bulk,  or  coatraotion. 

um  of  wOer,  Th»  fint  efieot  of  fixing  is 
tho  expulsion  of  all  water  leit  in  the  bwly.  The 
body»  before  hring,  contains  water  in  two  con* 
dHiona  S  (a)  the  contained  water  that  haa  been 
U3cd  to  render  the  mat<^rial  sufficiently  phiKtic 
for  use  ;  {h)  the  water  of  coiubiuatiun  of  its 
argiilaccouii  constituents  (v.  art.  Clay).  The 
contained  water  is  readily  expelled  at  a  tem- 
perature of  about  110",  but  the  water  of  com- 
biuation  is  not  expelled  in  all  cases  by  exposure 
to  a  temperature  oi  500'^,  and,  with  very  plaatic 
nixtniesonly,  at  afnll  nd  beat.  BxpulsioD  of 
the  contained  water  causea  merely  a  shrinkage 
of  the  body  and  a  corresponding  alteration  in 
its  dflOBty,  the  plasticity  remains  midefltioyeil 
up  to  that  point.  But  when  the  temperature 
has  been  reached  at  wliich  the  water  of  com* 
bination  is  expelled,  the  body  becomes  hard  and 
brittle,  loses  all  its  plasticity,  and  will  no  longer 
combine  with  water,  however  finely  it  may  t>c 
ground. 

HardncM,  One  oi  the  most  notable  qualities 
of  natural  oiayt  is  thsir  property  of  Mooming 
hard  and  durable  when  raised  to  a  red  heat ; 
but  in  the  case  of  pottery  bodies  containing 
other  materials  besides  plastic  ones,  the  degree 
of  hardness  is  necessarily  different  from  thnt 
of  a  natural  clay  heated  to  the  same  tempera- 
ture* The  more  fusible  matter  tho  body  con- 
tains, the  greater  is  its  hardness  at  all  tempera- 
tures above  that  at  which  fusion  begins,  whilst 
b(xlies  contiiining  a  large  excess  of  free  siJica, 
or  an  excess  of  lime»  cao  generally  be  sciatohed 
by  a  good  knife,  even  after  a  severe  fin.  As  a 
general  mli  ,  the  hardness  of  a  fired  body  agrees 
with  its  density,  whilst  it  almost  invariably 
inrreases  with  an  increased  temperature  of 
firinq;.  The  following  rough  cl  i  :  itiration  shows 
how  the  ditlerent  pottery  bodie.H  .stand  in  this 
respect : — 

1.  Scratched  with  a  knife,  readily  :  almost 
all  ancient  pottery  and  majolica  (body). 

2.  Scratched  with  a  knife,  but  with  dithcilty : 
bodies  of  the  first  class  oi  modern  manufacture. 

3.  Not  toaehed  with  a  knif«,  but  abraded 
by  a  good  file  :  well  fired  earthen\s  iuc  (bisi  iiit). 

4.  Not  scratched  by  a  steel  tool :  bodiiMof  the 
third  classaod  many  stoneware  and  mortar  bodies. 

Dertfily.  The  v.i  nations  in  density  which 
pottery  undergoes  in  liring  are  i»y  nu  means  well 
undecsUMd.  With  onlinary  bodioa  there 
generally  an  increaise  of  density,  varying  with 
tho  degree  of  fire  :  but  with  some  of  tho  bodies 
of  the  third  cLiss  tiie  increase  in  density  appears 
to  be  very  irregular.  Thus  with  English  bone 
porcelain,  and«  accortfini?  to  Brongniart,  in  the 
case  of  hi  rd  porcelain  to  alt  liough  there  is  a  con- 
siderable shrinkage  of  the  body  in  firing,  yet  not 
only  docs  the  body  lose  wdgbtin  t  li  •  lirmc,  but  it 
lo.^f  -  it  at  such  a  rate  as  to  outstrii)  t  i\r'  lo-j;  of  size 
so  tluiL  the  density  of  the  tired  body  is  less  than 
that  of  the  mifired  body.  English  bone  china, 
again,  when  overtired,  suffers  a  great  diminution 
in  drnsity  conseq,ucnt  upon  a  sudden  expansion 
of  the  artiidew 


n 


Shrintaije.  Tho  contractiott  which  all 
bodica  undergo  on  tiring  depends  upon  three 
things :  (a)  the  nature  of  the  nii.xture ;  (h)  the 
method  of  fabrication  ;  (<*)  the  liring  eonditio'is. 
Contraction  duo  to  the  nature  of  tho  body  either 
results  from  the  expilltton  of  the  contained 
watw,  which  may  cause  a  contraction  of  from 
10  to  15  p.o.  in  those  containing  a  very  large 
proportion  of  plastic  ingredients,  or  from  the 
partial  vitrifioation  of  the  body,  e.g.  '  parian,* 
whieh  contains  a  large  proporaon  of  felsMr, 
contracts  as  muc  h  as  20  p.c  from  the  '  dry  to 
the  •  fired  *  size.  The  influence  of  different 
proportions  of  plastic,  aplastic  and  fusiUe 
materialH  in  t  he  body  is  well  shown  in  the  thiee 
following  miJLlures : — 

No.  1. 

BjiUolay  .      .  IOp.c. 

China  stone  .  .  .7 
Flint  ....  90 
Ume  •      •      •      .  3 

X0.S. 

Ball  clay      .       .  .  2C  p.c. 

China  ciaj    .       .  .  10  », 

China  stone  .  .  00  „ 

Flint    .       .       .  .  5  „ 

No.  3. 

Ball  clay      •       .  ,00  p.c. 

China  clay    .      .  .  80 

China  stone  .      .  .  10  „ 

Flint    ...  10  „ 

These  bodies  were  fired  at  11  CO",  being  placed 
in  the  same  sagger,  in  the  form  of  dry  tiles 
pressed  from  dust.  No.  1  aMbited  no  Oon> 
traction.  No.  2  ran  in  26  p.a»  and  No.  3  ran  in 
20  p.c. 

The  contraction  due  to  the  Io8s  of  water 
connotes  only  pl^sical  changes,  but  that  doe 
to  the  partial  TitcwcatiOB  ol  the  body  materials 

generally  denotes  more  profound  rearrangement 
of  the  ultimate  molecular  structure.  The  effect 
of  both  these  changes  is  strongly  marked  in  the 
case  of  hard  porcelain,  which  when  submitted 
to  the  first  or  hardening  fire,  Jeu  dt'j^uutdi, 
shrinks  about  3  p.c.  from  loss  of  water,  which  in 
entirely  expelled  by  this  firing ;  but  when  this 
dehydrated  ware  is  afterwaitis  raised  to  in- 
candescc-nce  a  further  contraction,  amounting 
to  nearly  7  p.c,  takes  place  because  of  thie 
interactions  between  the  various  oonstttoents 
of  the  body. 

Tlie  methods  by  wliicli  any  given  article 
has  been  shaped  also  modifies  the  amount  of 
contraction  ;  the  ware  .subjeete<l  to  the  irreatest 
pressure  in  making  will  contract  least  in  tiring 
\s  ith  any  given  body.  Ulcralded  or  pressed  ware 
contracts  less  than  thrown  ware,  and  this  con- 
siderably less  than  cast  ware,  although  all  may  be 
made  from  tli<^  same  miztwe  and  fired  to  the 
same  temperature. 

Cohnr.  For  the  eflect  of  fire  on  the  colour 
of  ordinary  ferruginous  clays,  r.  art.  Ci.ay,  and 
also  Appendix  A,  p.  270,  of  Catalogue  of  Pottery 
in  Jermyn  Street  Maaeom.  As  almost  all 
varieties jof  plastic  clay  contain  sufficient  traces 
of  iron  compound  r  to  produce  at  least  a  ^ale 
cream  or  ivory-coloured  body  w  hen  fired,  it  is 
customary,  in  the  manufacture  of  very  white 
earthenware,  to  add  u  small  quantity  of  cobalt 
<»dd^  which  by  the  production  of  a  bhic  silicate 
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of  cobalt  nrutriilis<-'  tlic  effect  of  the  yellow 
tviuc  due  to  ttie  iron  cuui^miuiicIh  ;  1  part  of 
cobalt  oxide  Ifl  Bofficiont  to  whit<>u  about  2U00 
partjiof  cream-coloured  body.  Exccsm  of  iiiutor 
china  clay  and  addition  of  lime  or  magncxia  to 
the  (l:ty  also  whiten  the  fired  body  to  a  uiarked 
degree.*  The  colour  ol  a  lirod  body  i«  aliio  ia- 
fluemoed  by  the  nature  of  the  kUn  ntmoiphere 
daring  the  last  stage.n  of  the  firini?.  The  white 
neaa  of  hard  porcelain,  although  the  mixture 


contuina  traees  of  oxide  of  iron,  is  duo  to  the  fact 
that  the  firing  in  finished  ina  reducing  atmosphere. 
On  the  other  hand*  biieks  that  would  burn  to 
a  deep  red  colour  in  aa  ordinarv  oxidiaing  firo 
nro  converted  into  *  blue '  bricks  by  finishing 
the  firing  in  an  atmonphere  ehargetl  with  smoke. 
Fur  vpMiaily  ooloured  bodies,  aection  on 
Oohmt  in  tf&a  aftide.  The  following  table  gire* 

the  jii  Tf cnl ri'.'c  rf impi >sit !■  m  of  sdine  of  the 
important  pottery  bodica  after  tiring  : — 


Sevres  hard  porcelain  1770- 
1880  .... 
Vienna  (im|>crial)liard  povoo- 

lain.  18(K)  . 
Berlin  hard  porcelain,  1808  .  ' 
Meissen  hard  porcelain  {df- 

gourdi),  1825  . 
Meissen  hard  poiMkin  (baked) 

1 825  •  •  «  . 
Chinese  hard  porcelain  * 

Bristol  hard  porcelain*  1776-  ' 
1780     .  . 

English  chinawarc,  1847 

English  chinaware,  1880 

Ehglish  earthenware  (oream 
colour),  1889  . 

EngliKh  earthenware  (granite) 
1889  .... 

English  stoneware  (Lambeth) 

English  stoncwaro  (Wedg- 
wood) .... 

English  red  facing  brick  of  . 
^ood  quality  .       .  . 

English  fliebriok  of  good  , 
quality  .       .       .       .  ' 

Saggm  naad  in  Staftwdthin 


Slttea 

Abunlna 

Ubm 

MaK- 
ne«la 

Potash 

Oxide  of 

Iron 

I'.utie 
earth 

Aaalyit  ' 

1 

SS-OO 

84-00 

4*00 

S'OO 

Malaguti  | 

01  -50 
66-flO 

31  00 
28<W 

1-80 
0*80 

1-40 
0*00 

2-20 
8*40 

0-80 
0*70 

— 

Laurent  j 

n 

67-70 

30 -(X) 

0-80 

5  20 

0-80 

MM 

"  ! 

6040 
70-00 

32-60 
80*70 

0-00 

0-10 

6-fiO 

e-00 

040 
0-80 

1 

n 

Makgntiandi 
Lament  i 

62'08 

3*? -88 
'UUl 

33*16 

21-48 
23  05 

1-28 

10-06 

2-64 

2-14 
2-46 

010 

26-44 
33-00 

Churoli. 
Oovrper 
Author. 

«310 

33-09 

l-OO 

0*12 

0-22 

2*10 

M 

70-90 
74-00 

27-25 
22-04 

1-00 
0-60 

0-17 

0-  10 

1-  06 

1-02 
ft-00 

1 

SaiVftat 

6648 

26O0 

2-04 

0*10 

0*20 

0*12(Y) 

*» 

01-01 

86-90 

0-24 

2-01 

0-08 

- 

Author 

70-86 
66'24 

24-68 
26-81 

0-21 
018 

0-63 

2-90 
4M 

•> 

1 

W  1 

t 

Clk»at»  ant!  glazing,  Tn  diseusMing  the  variouB 
pottery  bodies,  it  has  been  point'-d  out  f)iiit  scmic 
of  them  contain  a  sutbcient  propurti<<n  of  fusible 
material  (natural  or  artificial)  to  approaoh 
vitrification  at  the  temperature  used  for  manu- 
facture.   Such  bo<lies  become  suflliciently  im- 

EerviouB  to  fluids  to  .serve  many  useful  jmrpo.M  F, 
ut,  in  the  majority  of  casea,  the  body  remains 
porous  after  firing  aud,  for  use  or  beau^, 
must  be  coat<-d  with  n  definite  vitreous eOTdope 
or  aurface-layer  known  as  the  glaze. 

All  glasea  are  found  to  contain  silica,  alu- 
mina and  one  or  more  of  the  alkaline  or  nlkaline- 
carth  bases  as  necesnary  itiKredientH.  For 
centuries  the  majority  of  gluzes  imve  contained 
lead  oxide  in  addition,  and,  for  the  loi^t  150 
years  or  »o,  many  glazes  have  contained  boric 
acid  as  well.  Chemically  a  glnze  is  a  rapidly 
solidified  solution  in  which  silica,  silicates, 
borat«i,  &r.,  may  either  be  solvents  or  solutes. 
For  colrmrin;;  or  opacifying  purpo.H<'.s  metallic 
oxides,  phos|»hates,  Ac,  may  be  dissolved  or 
suspended  in  them.  If  wo  regard  a  vase  or  a 
plate  only,  it  is  natural  to  think  nf  the  glaze  SS 
a  distinct  layer  of  plonsy  material  melted  over 
the  surface  of  the  pottery,  but  in  no  cn.'ie  m  thin 
simple  view  sufheient ;  in  every  case  tlie  jjlaze 
and  body  react  with  each  other  on  fu»ion,  and 
there  is  always  aa  intennediate  byer  of  g|sce> 


I  body  or  body-glase,  while  in  such  instances  as 

salt-glaze,  or  the  common  lead  }:lazeK  ohtained 
by  melting  lead  oxide  ou  tlie  ware  itself,  the 
gn'iit(  r  part  uf  the  silica  and  alumina  needed 
to  form  the  glaze  are  obtained  from  the  surface 
of  the  ware  by  the  action  of  soda  or  lead  oxide  at 
a  high  temperature,  lietween  such  simple  types 
of  gla2e  and  those  hard  porcelain  glazes  whtch 
consist  practically  of  fused  fdspatlde  rook  we 
fin<l  every  grade  ol  ebenikttl  sjmI  pbyiieal 
complexity. 

A  pwfeot  e^e  would  possess  the  foDowing 
properties  :■ — 

1.  It  hhoulil  be  dear,  brilliant,  and  thin,  so 
as  not  to  hide  uiodclJetl  work. 

2.  It  Bhould  have  such  a  suitability  to  and 
agreement  with  the  bo<ly,  as  neither  to  cliip  oil 
from  the  sharp  e<lgeH  of  the  hmXy  nor  to  break  up 
into  minute  cracks  (erases)  upon  the  surface. 

8.  It  should  be  hard  enough  to  rcnist  wear, 
especially  if  ii«ed  f<'r  eulinaty  purpo.><e>. 

4.  It  should  not  bo  attacked  by  Mater  nor 
by  acid  Tapours,  and  if  used  for  culinary, 
domcHtie,  or  sanitary  jmrpoHes  .should  BOt  be 
attacked  i»y  any  <jrdinary  tiiiute  aeid. 

.'i.  It  must  bear  exposure  to  the  conditions 
of  firin;:  and  eooliim,  whether  rapid  or  prolonged, 
without  devitntieation. 

0.  For  the  majority  of  purposes  it  roust  be  so 
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tcnaoioua  as  not  to  run  off  upright  objects  when  that  x  is  generally  less  whilst  y  must  olvayo  bo 
melted,  butnlt  must  How  smoothly  and  evenly  greater  than  unity.  The  KO  constitucntii  may 
on  flat  surfaces.  be  the  oxides  of  lead,  zinc,  calcium,  l  inium, 

7.  When  a  glaze  has  to  be  used  over  printed  potassium,  sodiam,  A^o, ;  the  KfOa  ootistitucut  in 
or  painted  deoiiiCaUon,  it  niuit  not  have  too  great  generally  alumina  or  unmina  and  seeqiiioside 
a  solvent  action  on  the  aubitaiiOMlliMd  for  theac  of  iron,  and  the  prim  ipal  IW,  ronsfitucnt  is 
purpuaes.  ,  silica,  which  may  in  part  be  rcpiace<t  by  boric 

8.  When  a  glaae  is  to  be  ooloured,  its  nature   or  titanic  add,  Ac. 

must  be  such  that  it  f^  in  ■  (utiun  metallic  com-  '  It  has  been  found  th.it  all  practicable  glazes 
pounds  in  solution  or  susiH^uisiou  without  uu-  he  Lttween  IKO  :  U  lKgO,  :  I'^EOg  aud 
nghtly  separa^iona.  IRQ  :  1  2511,0,  :  12R0^ 

No  glato  answers  to  all  the-s*-  require  meats,  It  fuliows,  fruiii  the  genera!  laws  governing 
but  centuries  of  practii;al  experience  have  estab-  |  the  fusibility  of  inixturLt^,  that  the  more  base* 
lished  certain  types  which  may  be  accepted  as  '  there  are  in  the  K()  group,  the  lower  will  bo  the 
the  best  ior  their  apeoial  purposes.  IMany  !  melting-point  of  the  glaie,  whilst  it  ia  equally 
anoient  slates  poerces  eertitin  nstiSetic  qualitiea  apparent  that  the  replacement  of  some  of  the 
of  r.iro  i:Ti;irni,  I  II*  f '  glazes  rlevLsfil  during  the  Bilica  by  horir  acid  will  tend  in  the  s;iine 
last  two  eentuxies  mark  a  great  advance  in  direction.  The  part  played  by  alumina,  the 
technical  accomplishment,  mfore  ntoceeding  principal  member  of  the  KjO,  group,  is  of  the 
to  the  (juestiun  of  glazes  in  general,  a  brief  utmost  importance,  for  no  stable  glaze  can  be 
aci  oimt  o£  jialt-glazing  is  desiraUe.  obtained  without  it,  and  the  ratio  it  bears  to 

Sall-glnzing. — For  the  salt-glace  process  only  the  other  constituents  influences  the  working 
such  bodies  can  be  used  a?  contain  m  eonsider-  '  properties  of  the  glaze,  and  especially  its  vis- 
able  excess  uf  silica  uucumbiued  witli  alumina,  cosity  when  melted.  The  hard  porcelain  glazes 
Whi  ti  ware  of  this  nature  is  Bred  in  a  Idln  uith  are  nch  in  alnminaMld  silica  and  comparatively 
Xree.  ciroulataon  of  the  flame  and  smoke  amongst  poor  in  the  members  of  the  RO  group,  as  i»e 
it,  the  most  expeditious  method  of  producing  should  expect  from  the  fact  that  they  are 
the  vrl.i7.o  is  t(j  throw  on  to  the  fires  at  the  generally  prepared  from  mixtures  of  felspar  and 
tcrmiuation  of  the  firing  a  quantity  of  wet  salt,  ;  quartz,  oooasionalhr  with  a  little  calcium  carbon* 
or  it  may  be  thrown  directly  into  the  oven.  ate.  Fracticable^azes  of  this  type  fall  within  the 
Vapours  of  common  salt  and  water  thus  pass  following  liuiits— IRO  :  0  2H.Oj  :  3-6RO,  and 
into  the  oven  and  a  mutual  decomposition  IRO :  l-2nK,0, :  i2KO(,  the  first  representing tbo 
takss  place  l;et\veen  them,  resulting  in  thn  forma-  ordinary  glazesof  Chinese  porcelains  and  the  laat 
tion  of  hydrochloric  acid  vapours  and  the  that  of  tlie  most  refractory  European  |)orcelains. 
liberation  of  soda,  which  immediately  combines  It  must  also  be  burne  in  mind  that  in  these  glazes 
with  the  silica  and  alumina  of  the  ware,  with  the  I  the  RO  group  contains  only  so<la,  potash^  lime* 
formation  of  a  coating  of  a  hard  insoluble  ghwe  j  or  magnesia.  The  glazes  of  earthenware  and 
upon  the  surface  exposed  to  the  action  of  the  English  china  are  widely  different  both  in  type 
fumes.  It  has  been  found  in  practice  that  clays  and  constitution.  They  include  tuixtures  of 
with  a  \tide  rau^e  of  composition  can  be  sue-  j  every  degree  of  fusibility,  between  1000'^  and 
ccmfttlly  ^axed  in  this  way,  Kay,  where  the  |  llfiO" ;  they  have  lees  aiialogy  with  the  body 
ratio  AljOj :  SiO^  varie-s  from  1  :  4  ('  in  I  :  12"5 ;  than  the  porcelain  glazes  ami  they  are  applied 
but  in  general  thi.s  ratio  is  about  J  :  8  (v.  to  *  biscuit '  ware  which  has  already  been  iired 
Trans.  Amer.  Ceramic  Soc,  4,  211).  Salt-glaze  to  a  higher  temperature,  so  that  th«ro  is  not  the 
is  tht  ref  ire  a  soda-alumiaa-iron-silioa  mixture  '  same  intimate  relation  hetweon  glnxn  and  l»iMJy. 
of  variable  composition.  For  convenience  of  description,  we  may  divide 

Another  simple  type  of  glaze,  analogons  to  them  into  two  groups :  {n)  raw  glazes ;  (R) 
the  foregoing,  is  that  used  on  the  common  red  fritted  glazes.  In  the  first  jin'onp,  as  all  the 
and  brown  wares  of  many  cotmtries,  obtained  ingredionUi  arc  insoluble  iu  water,  it  is  sufficient 
by  coating  (he  \int1ted  clay  vessel  with  powdered  j  to  grind  them  together  before  applying  the 
galena,  r^  lead,  or  litharge.  In  this  oaae  the  mixture  to  the  body ;  in  the  latter,  the  soluble 
molten  lead  oxide  attacks  the  surface  of  the  I  ingredtents  (soda,  borax.  &c.)  must  be  melted 
arti;  le  and  produces  n  rich  anil  brilliiiiit  glaze  with  a  [xirtion  of  the  silica,  lime,  or  day  into  a 
consisting  of  a  lead-alumiua-irou-silica  mixture,  ,  fritt  or  giass  so  as  to  render  them  insoluble  in 
often  containing  much  nnoombitted  lead  oxide.  I  water.  This  fidtt  is  then  weighed  out,  together 

The  most  important  trlazes  are  those  used  \rith  the  requisite  proportions  of  flint,  china 
on  the  earthenwares  and  porcelains,  for  those  stone,  white  lead  and  such  other  insoluble 
exhibit  the  greatest  diversity  of  composition  |  materials  as  are  neeessary,  and  the  mixture  is 
and  arc  in  general  use  in  most  civilised  countries,  crotind  together  on  a  pan  similar  to  the  one 
Thoy  range  from  the  hardest  porcelain  glazcis,  shown  in  iig.  1,  or  in  a  grinding  cvlinder,  until 
con!»isting  of  little  but  felspar  and  quartz,  to  the  it  is  perfectly  fine.  The  glaze,  in  suspension  in 
softest  earthenware  glases  which  contain  dlica  i  water,  is  then  put  into  convenient  receptacles 
and  boric  acid,  together  with  alumina,  lead  |  and  the  biscuit-ware  dipped  in  it — a  jwtion 
oxide,  lime,  -oda,  and  other  ha.ses.  It  '\»  eon-  of  the  water  is  absorbed,  ami  a  thin  coating  of 
vonicnt  to  express  the  composition  of  glazcn  in  '  powdery  elaze  is  left  on  the  piece.  The  articles 
a  conventional  manner  so  as  to  exhibit  the  1  are  placed  in  saggers,  being  esjr^lly  supported 
ratio  which  tl.e  rnmponents  hear  to  each  other,  on  pointed  supports  ;  the  satrt'crs  are  piled  in 
This  is  usually  dune  by  treating  the  sum  of  the  bungs  in  ovens  suc  h  as  those  bhown  in  Fig.  3 
monoxide  (jasen  (rtMikouod  molecularly)  as  unity  or  4,  and  the  whole  is  submitted  to  a  second 
and  ealculatinjj  the  sc.squioxidos  and  ilioxidi  >  fii  in:.',  less  in  intensity  than  the  first  or  *  biscuit ' 
proportionately.  The  general  formuiu  ihu«  tiring,  but  sufficient  to  melt  the  glaze  over  the 
becomes  IRO :  arRsOs  t  yBO|,  and  it  ia  found  •  suriaee  of  the  war&  The  oldn  form  <rf  ov«n 
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showu  in  Fig.  4  aoswen  befctor  lor  glazing  thttn 
(he  down-dnvgbt  form  shown  in  Fig.  3,  t^oatwe 

in  the  hitft  r  form  thv  fumes  and  products  uf 
couibutttiun,  boing  kept  longer  in  the  oven,  are 
more  likely  to  penetrate  the  saggers  and  damage 
the  brilli;iiic(.-  of  the  glaze.  It  is  advisable  to 
lute  tha  saggers  together  with  a  roll  or  *  wad  ' 
of  clay  for  the  '  glost '  fire,  so  as  to  check  the  pene- 
tration of  fumea  into  the  sappers  durinG;  firing. 
With  the  more  fusible  kinds  uf  ghizc,  such  as 
are  u»ed  for  the  decoration  of  English  majolica, 
the  pieces,  after  dipping,  inntead  of  being  en- 
dased  in  saggers,  are  often  placed  in  a  kiln  or 
lor.ri>  mviffle  similar  to  tlui  one  shown  in  Heotion 
in  Fig.  5.  Thia  idln  takes  tho  place  of  one 
sagger,  and  the  flame  playing  all  round  it 
raises  the  kiln  and  all  its  contents  to  a  tern- 

raturo  sufficient  for  the  fusion  of  glazes  rich 
lead,  8uch  as  are  used  for  these  purposes. 
GOasea  of  thi^  type  approach  the  formula— 

IRO  :  0-3R,0, :  3-6EO,, 
hat  the  RO  group  may  oontain  oxides  of  sodium, 

potassium,  calcium,  barium,  zinc,  or  lead,  and 
in  the  RO,  group,  boric  acid  always  replaces  a 
portion  of  the  silica. 

Clazes  that  when  6rcd  may  appear  very 
similar,  to  any  one  who  is  not  expert,  may  be  , 
aa  diflcoent  a»—  I 


0-40  PbO 
0-38  CaO 


and 


0-06  K,0  r  f ''^'i  0-59  B.O. 
0-]eNa,O' 

0-3  K,0  ) 

0-2Xa,0   'o.i  A10/3-*'^'^« 


0-3  CaO 
0*2  BaO 


with  corresponding  differences  of  luelting-point, 


fluidity,  &o.  The  giaaes  rioh  in  lead  are  moro 
fOsible  and  general^  simpler  In  use  than  those 

in  which  t]n-  RO  group  comprises  only  alKnlinr* 
and  alkaline-cartii  baMos.  The  concent  ration 
of  pottery  manufacture  in  oertain  districts  in 
each  country  has  Ijroupht  about  a  spe(  ialisation 
of  the  industry  such  ad  did  not  exist  wlion  pottery 
was  only  a  handicraft.  This  change  has  caused 
certain  evil  effects  of  the  potter's  calling  to 
ueed  redress  from  statesmen  and  philanthropists. 

I  Lead  glazes  may  hv  }iarnd<-5.s  to  the  worker  or 
the  user,  bat  where  occupation  or  use  is  oon- 
stant,  with  oertain  glazes,  some  risk  of  plumbtsm 
follows.  It  is  important  to  distinpiit?;n  between 
tho  lead  poisoning  of  tho  operative,  caused  by 

'  the  use  of  leiul  compounds  in  glazes,  and  that 

'  due  to  lead  oxide  difsolved  from  a  fired  glaze  by 
the  acids  used  in  cooking  which  falls  on  tho  user 
of  the  article.  This  latter  and  minor  evil  has 
not  arisen  in  England,  but  in  Qermanv  an 
Imperial  Edict  has  been  enacted  (Ref.  Thorpe 

land  Oliver,  Cd.  920"  of  1899),  sixcifying  that 

8 [lazes  arc  not  to  be  applied  to  articles  intwded 
or  oulinaiy  use  unless  they  will  naiflt*  when 
fired,  the  solvent  action  of  strong,  boiling  acetic 
acid.  Plumbism  arising  among  the  operatives 
who  handle  lead  compounds  in  various  manu- 
facturing proce'~*-i  ^as  given  rise  to  many  in- 
vestigations in  i'jigland  (Thorpe  and  Oliver, 
Report  to  the  Home  Secretary  on  the  use  of 
LoadX:k>mpounda  in  Pottery,  Cid.  9207  of  1899 ; 
Burton,  W.,  Tho  Hygiene  of  the  Pottery  IVade, 
Shaw  D'oiiin  ,  Royal  Society  of  Arts,  Feb.  1908  ; 
Report  of  Departmental  Committee,  Home 
Oflke.  190»-19I0rOd.  6819,  9278,  and  Sm  of 
1910). 

foUowing  table  giveii  tho  composition 
of  a  few  typical  lead  glazes,  from  tho  haider 
ones  nBe<l  for  ixme  china  to  the  Softer  OUSS 
used  for  Ktiglish  majolica  ware:— 


1  Fritt 

61 

law 

1  China 
-  8 lone 

-  1 

lead 

j  Bonx 

I  i 

Chalk ! 

TUnt 

China 
itoae 

Felaparj  Soda 

KaoUn 

Pcitt 

mat 

'    English — 

•'-  t 

China  ghute      .  , 

60 

IB 

40 

24 

33  1 

45 

15 

15 

Eart  hen  ware  glaze 

48 

38 

62 

26 

30 

230 

60 

160 

120 

Grauilti  glazo    .  | 

80 

30 

80 

100 

40 

40 

30 

3(30 

50 

50 

SO 

Majolica  glaae  . 

40 

SO 

40 

100 

12 

100 

1  10 

Parian  glaze     .  . 

20 

15 

20 

c 

20 

t^ 

1 

11 

1  22 

66 

1 

These  recipes  might  be  multiplied  a  hundred- 
fold, but  sufficient  are  here  given  to  shoM- 
the  general  lines  of  their  composition,  and  they 
leprct**  nt  glazes  in  autunl  u.se. 

Coloured  glazM. — During  tlie  last  century  or 
80  a  great  variety  of  oolourvfl  glazes  have  been 
introuuccd,  csperially  for   the  dccctmtion  of, 
wall  tiles.    The  foundation  uf  these  glazes  m  in 
moetcases  a  fritt  rieh  In  lead ;  and  for  the  turquoise 
blues  derived  from  nipric  oxidf,  a  fritt  with  a 
base  of  silicate  of  soda  and  liiue.    in  t  \<tv  '  ase 
the  ob|e«t  Is  to  get  a  glaze  presenting'  A  rit  ii 
lusciotis  appearance  and  fusible  at  »ueh  a  low 
heat  as  not  to  impair  by  volatilization  or  other-  , 
wise  the  tone  of  colour  produced  by  the  addition  | 
of  small  quantities  of  oxide  of  copper,  oxide  | 
of  manganese,  oxide  of  iron,  fto.  The  foUowing  [ 
mixture  was  given  by  SalT^tal  in  the  Dictionnaire  , 


des  Arts  ct  Manuf..  as  suitable  for  the  pro- 
duction of  a  variety  of  coloured  glazes  adapted 
to  soft  porcelain,  earthenware,  or  tile  bodice : — 

Red  lead  .   2000  grros. 

Flint  ....  1000  „ 
Talcinm  borate        .        .      .'KH*  ,, 

This  forms  a  eolumk.fs  tusiblc  glaze,  and  by 
the  addition  of  the  various  colouring  oxides  any 
desired  varii  ty  nf  uhade  can  be  produced. 
Blues  by  th<j  addition  of  from  40  to  125  grm.«. 
of  eobalt  oxide  to  the  al>ove  quantity  of  glaze  ; 
blue-greens  by  the  a<ldition  of  from  100  to  5tHJ 
grm.H.  of  eupric  oxide  to  the  above  quantity  of 
glaze  ;  ivory  to  t-trong  yellow  by  the  addition 
of  from  To  to  20U  grnis.  of  ferric  oxide  to  the 
above  quantity  of  glazo;  roaddcr-brown  to 
purple-brown  by  tho  addition  of  from  70  to  J26 
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grins.  f)f  manganic  oxide  to  the  above  quantity  ; 
of  glaze,  and  varioiw  intermediate  tints  by  admix* ' 
turo  of  the  different  oxidee  in  ▼arioua  propoitioiw. 
The  mixture  of  glaze  materials  and  colourin;^ 
oxide  is  ground  coarsely  together,  melted  in 
crucibles,  poured  out  into  water  and  ground 
fine :  in  thi.s  way  a  more  perfect  combination 
is  obtained  t  han  by  simply  grinding  tbu  materials  ^ 
together.   An  English  mixture  serving  the  same 
purposes,  but  not  quite  ao  foeible  nor  so  gencraUy 
applicable  to  the  various  bodies  as  the  one  given  ' 
above,  i.i  madt    I  y  L'riinling  together  flint  ICJO 

erts.  china  stone  tK>  parts*  red  lead  3tM)  parts,  | 
rax  40  partt.  The  mizture  is  fitted  in 
fl::i+<  rl  saggers,  ground  and  then  various  pro- 
poriions  of  finely-ground  metalbc  oxides  are  . 
added  to  it  fixr  colouring  pur{x>se.s.   Theee  | 
glazes  may  be  applied  by  dipping  like  onlinary 
glazes   but  they  are  often  applied  by  large 
camel-hair  pencils  or  blown  on  by  compressed 
air,  and  mingled  tinta  produced  in  this  way  are  1 
often  ezceedmgly  beautiful.  -j 
The  question  of  the  composition  and  con-  I 
atitution  of  all  the  various  types  of  coloured  i 
fflawe  is  too  complex  to  be  treated  here ;  lor  ' 
details  the  readrr  nni't  refer  to  the  more  im- 
portant tteatiijcs  given  in  the  bibliography  at 
the  end  of  the  article  and  to  the  proceedings 
of  the  ceramio  aocietifie  of  this  and  other 
countries. 

The  rtanniferous  glazes,  or  enamels,  a-)  they 
are  more  genemlly  oaUed,  are  not  so  laigcly 
used  now,  noept  for  the  manufaoture  of  wnito 
glazed  bricIcK,  as  they  were  ht  th  ■  time  of  the 
Renaissance  and  later,  vrhen  the  famous  Italian 
Majolica  andDeUa  Roblnawam  and  the  Delft 
of  Holland  were  decorated  on  a  ground  of 
opaque  tin  enamel.  A  revival  of  tnis  uiatiu- 
facture  haa,  however,  taken  place  during  the 
last  sixty  or  seventy  years;  and  in  Italy, 
France,  Germany,  an^  Holland  many  factories 
still  manufacture  faience  with  a  stanniferous 
slaze.  The  following  recipes  are  given  by  Deck 
for  the  principal  enamela  of  thia  olasi : — 

Whitf. — Ixad  and  tin  nsbes,  44;  sand,  44; 
soda.  2  ;  common  salt,  8 ;  red  lead,  2. 

Ke^tow.— White  as  above,  01  ;  antimony 

oxide.  9. 

Blue. — Wliitc  as  above,  95  ;  cobalt 
oxide^  5, 

Cirten. — White  as  above,  95;  ouprio  oxide,  5. 

YdhtMtreen. — ^Whtte,  as  above,  94  ;  cupric 
oxide,  4;  load  antimoiiiatc,  2. 

Violet. — White,  as  above,  90;  manganese 
dioxide.  4 :  althongh  of  oonvae  the  exact  compo* 
sition  of  the  glaze  will  rUpend  upon  the  body 
to  which  it  is  to  be  applied. 

Bodiee  wvry  rich  in  fusible  materiale  like 

parinn  and  some  of  the  liner  stonewares,  become 
quite  impcrviouii  to  liquids  and  acquire  a  smooth 
and  gloMsy  surface  A^athout  the  application  of  a 
glaxe,  from  the  aemi-vitiifieation  of  the  body 
itsetf.  Opener  and  leis  fnaible  bodies  than 
thrsi-  acquire  a  similar  surface  if  tin  y  arc  fired 
in  Hiiggers.  the  insidea  of  which  have  l>e*n  \vii?he«l 
with  glaze  rich  in  oxide  of  lead  and  containinj: 
chlorides  or  fhinridcs.  Mixtures  of  oxide  of 
lead  with  cryolite.  lluur.i(iar,  common  Halt, 
calcium  chloride,  &c.,  arc  the  beet  for  this 
purpOAP.  When  heated,  they  probably  give 
off  volatile  fluorides  or  chlorides  of  lead  and 
theae  are  a|^in  deoompoeed  on  the  lurfaoe  of 


the  ware  forming  a  thin  smear  or  coating  of 
lead  silicate.  C^e  of  the  common  defeota 
of  glagcn--  the  aepaiatkm  of  oertain  oompounda 

on  cooling — has,  in  recent  \ car^.  been  cultivated 
BO  as  ta  produce  eiiects  of  rare  tteauty.  Glazes 
rich  in  zino  oxide  are  apt  to  develop  crystals  of 
willemite  (zinc  silicate)  on  cooling,  and  at 
Copenhagen,  »5evre»«,  and  Berlin  the  preparation 
of  such  glases  haa  been  raised  almost  to  a  tint- 
art.  Other  glazes  yield  beautiful  small  cryetala 
of  various  micas  and  of  this  kind  the  '  Aven- 
turine  '  glazes  of  Pilklngton's,  iiitroducni  by 
Joseph  Burton,  are  highly  esteemed  {set  Buxton, 
W.,  OyBtalHne  Olaxee  ae  Pottery  Deooration, 
Journal  Soc.  of  Arts.  1902b 

Colours.  No  department  of  pottery  haa 
made  such  advances  during  this  century  aa  the 
preparation  of  the  various  ceramic  colour?,  and 
whilo  at  tho  begimiing  of  the  laeit  ctntury  tho 
colours  were,  for  the  BMt  part,  fired  on  the  glaze 
at  low  temperatures,  we  now  poesees  coloured 
bodies,  under-glaze  colours,  and  on-glaze  ooiouri 
in  abundance.  Owing  to  the  fact  that  all 
pottery  colours  require  to  be  submitted  to  at 
least  a  red  heat,  no  oiiganie  ooloars  «an  be  used 
for  this  purpose,  and  recourse  must  therefore 
be  had  to  buch  inorganic  cumpuunds  as  will 
produce  colour  effects  without  decomposition 
at  high  temperatures  and  under  the  .solvent 
action  of  glazes  and  iluxes.  Tho  list  of  sub- 
stances which  answer  these  requirements  is  by 
no  means  a  large  one,  comprising  only  the 
oxides  of  cobalt,  niekel,  iron,  manganese,  zinc, 
copper,  antimony,  lead,  uranium,  and  iridium, 
a  few  salta,  such  as  chro mates  of  iron,  lead* 
and  barium,  the  natnial  oohiea.  nnrple  of 
Cassius,  and  a  few  obscure  coitiprnra.s  sTich  a«; 
chrome-tin  jpink.  For  the  prej»aration  and 
properties  of^  each  of  these  substances  reference 
must  be  made  to  the  respective  srticles  in  this 
work,  in  which  they  are  treated  at  length. 

Coloured  bodies.  In  almost  every  form  of 
pottery  belonging  to  olas&es  2  and  3,  it  is  possible 
to  stam  the  whito  bodies  with  varioua  colouta ; 
but  owini:  to  tho  fact  that  they  have  to  endure 
the  most  lutenne  heat  used  by  the  pjlter,  the 
number  of  colours  is  very  limited.  The  bodies 
rich  in  fusible  materials,  (specially  tliose  rich 
in  felspar,  stain  most  beautifully,  &>»  thu  felspar 
forms  a  neutral  finx  in  which  the  particle^  of 
colouring  matter  are  diaaolved  and  so  pHroducc 
their  richest  effects.  Mosaic  tiles  and  tessene. 
coloured  jwirians,  porcelains,  and  jai^pcrs  are 
the  best  examples  of  coloured  bodies.  They 
are  all  rich  m  fusible  materials.  The  following 
are  a  few  of  the  proportions  used  : — 

Mua  (pale),  05  parts  of  body ;  5  parts  of 
cobalt  oxide. 

Blur  (sf  rotig>,  00  parts  of  body  and*10  parts 
of  cobalt  oxide. 

Gncn,  86  parts  of  body,  ff  parts  of  oobalt 
oxiile  ;  10  parts  of  chromium  oxide. 

Blue-greeOt  95  part^«  of  body;  2^  parts  of 
chromium  oxide;  If  parts  of  oobalt  oxide; 
I J  part^  of  zinc  oxitie. 

Bronz^ifrun,  95  parts  of  body ;  5  parts  cf 
oaleined  niekel  oxide. 

Z^ro^m, 85 partsof body;  ISpavticf oaloined 

iron  oxide. 

TeUow,  00  parts  of  body;  10  parts  of 
titaoium  oxide. 
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Black,  90  partd  of  body;  7  part*  of  iron 
oikle  ;  3  parts  of  oobftlt  oxide. 

In  the  style  of  Jecoration  known  as  *  l>ar- 
botine '  or  slip  pamtin^,  colouring  ozidea  arc 
often  added  to  the  onktaay  earthetifrmre  or 
stonf-mrf  mixttirra.  bnt  the  effect  is  much 
infenur  in  juicy  richne^^  uolcas  the  article  be 
afterwards  gla7«d. 

Under-glaze  eolonrs.  These  colour?,  con- 
listiiii;  for  the  most  part  of  oiddee,  chromatet*, 
or  sili  ^fite^i,  mixed  with  ( liiiia  clay,  flint,  &c., 
ao  aa  to  diminigh  the  action  of  the  giaie  upon 
tiieiB,  or  to  assisfc  in  the  deTdopment  of  the  tone 
<-f  colour  require'l,  arc  applied  on  the  hiscuit- 
«-are  before  the  piece  is  glazed.  They  must 
dieiefore  renst  the  action  of  the  glaze  at  a 
temperature  sufficient  to  melt  the  latter  ;  they 
must  be  infusible  enough  to  remain  still  under 
it:  ati<l  they  must  have  such  an  agreement 
with  both  the  glaze  and  the  body  as  not  to 
oaniie  the  glate  to  fly  off  in  flakes.  *  The  foUow- 
intr  colours  answer  mil  for  both  china  and 
earthenware : — 

Bfaelr,  8  parts  of  natif»  {ion  chromate ; 
3  parts  of  Mn,04 ;  3  parts  of  CoO ;  1  part  of 
flint,  calcined  together  strongly  ancl  then 
gftjund  fine. 

Dark  blw.  4  jvirtn  of  CoO  ;  1  part  ol  flint ; 
1  part  of  chalk,  ground  together. 

Azure  bltte^  60  parte  of  ammonium  alum; 

3  partes  of  oobait  oxide;  calcined  strongly, 
then  KTound  and  wadied  thoroughly  until  free 
from  traces  of  aejil. 

Mue-grttn,  12  parte  of  borax;  12  parte  of 
ehalk;  l2  parts  of  sine  oxide;  24  parte  of 
green  oxide  of  chromium  ;  4  pnrt>  of  enlialt 
oxide  ;  calcine  veil  together  and  grind  until 
fine. 

Dark  brown,  8  parts  of  native  iron  chroraato ; 

4  parts  of  zinc  oxide ;  2  parts  of  iron  oxi«le 
gniiind  w«U  together,  oaloined  stzongly  and 
reground. 

Red'hrown,  9  psrta  of  precipitated  iron 
chromate;  20  part(<  of  zinc  oxi<le  ;  W  parts  of 
litharge ;  calcine  together  strongly  and  then 
grind  tine. 

Pink  colour:  tin  oxide,  100;  rhalk,  34; 
chromium  oxide  (C'r^O,).  1;  fiiica.  . > ;  mixed 
well  totcether.  calcined  stn»nol\  .  an'l  Ltround. 

Yellow:  antimony  oxide,  3  ;  red  lead,  0; 
flint,  2;  tin  oxide,  I;  calcined  together  and 
then  prround. 

In  all  these  colours  the  important  point  is  to 
hare  the  materials  well  ground  together  before 
calcining'  to  promote  their  iitiion  mul  (In-  \aIijo 
of  the  tint  is  much  improved  i(  tiie  tinal  gnnding 
be  as  comfdeteas  pOHsihle. 

On-glaze  COlOUra.  The«*»  culr-urs  nro  n  illy 
fusible  alsiisej^.  of  sueh  a  nature  tliat  wlu'u  tin  y 
are  applie<.l  uik«ii  tip'  tir<<l  i^l-i/r  ami  tli*-  artn  ic 
is  refired  at  700*-8O(J»,  they  become  fused  to  its 
surface.  Unless  this  union  with  the  glaze  be 
perfect,  such  colours  arc  al\\a\-;  liable  to  wear 
off.  and  they  never  have  the  richness  of  under* 
f laxe  oolours  owing  to  the  lower  temperature  at 
uh'ch  they  are  fired,  On-^^laze  colours  ar< 
divided  iuto  the  two  claHsci*  of  re;:ular-Uilii 
oolours  and  hard-kiln  colours,  the  latter  eolotirs 
eontaininK  n  smaller  pr'T|H«rt imi  of  flux  lli  io  (lie 
former  and  hence  n-quiring  u  liijrlicr  tcmjx.Tatiire 
of  firing. 

The  lirst  requisite  in  on->glaze  colours  is  s 


I  series  of  fluxes  \\hich  shall  accord  well  with  the 
glaze,  shall  fuse  at  a  sufficiently  low  tenjpera- 
ture.  and  shall  fuse  the  particles  of  colouring 
matter  withoat  deoompoaition.  Salvitat  pn^ 
pared  a  serisa  of  flnxsa  whi«d)  aaswsr  peffeotly 
for  hard  poKwlain.  Their  oompodtion  is  as 

1  follovi's : — 


INo.  1 

No.  2 

No.  3 

No.  4 

'  Klux 

Fhix 

Flux 

Flax 

Flux 

76-0 

66-66 

1112 

37-50 

7300 

26-0 

22-22 

39-33 

12-fiO 

9-00 

1111 

- 

50-00 

_ 

18-00 

Litharge 
SiUoa  . 

Oalcined  borax 
Boric  acid 


No.  1  is  a  special  flux  for  ccrtnir  •  ti  k-l»lues 
fir^I  in  the  liani  kiln  ;  No.  2  is  the  general  flux 
for  browns,  grey's,  yellowB,  and  iron-rsds; 
No.  3  is  the  flux  for  carmine?!  made  from  gold, 
and  No.  4  for  gold  purplea ;  No.  5  is  the  peculiar 
compovnd  used  for  greens  pn^pared  from 
chromium  oxide — a  flux  used  for  a  similar 
purpose  at  Meissen  was  composed  of  73  parts 
of  lithargu.  18  paits  of  sHioa,  and  9  parte  of 
boric  acid. 

The  flnxes  used  in  Inland  differ  eonsider- 

ahly  from  thr  fnrrL^r  :iirr  <m  account  of  the 
(l)lfcrent  types  of  glaao  to  which  they  are 
applied  ;  in  this  country  almost  every  colour- 
maker  hag  fluxf>s  of  his  own,  and  there  is  con- 
siderable dithcuity  in  arriving  at  anything  like 
a  gcnersl  statement  as  to  the  composition  of 
the  fluxes  used.  The  following  compositions 
are  for  fluxes  largely  used  in  Staffordshire  : — 


No.  1  , 

No.  2 

Mo.  8 

No.  4 

No.  6 

FhiK 

nax 

?1bs 

Flux 

rtaz 

Etedlead 

64-00! 

49-90 

30>65 

40*00 

Silica  . 

21-60 

16-66 

41-68 

21-19 

20-00 

Borax  (oryst.) 
Flint  glass  . 

14'00 

33-33 
— 

27-77 , 63  05 
-  1 

4000 

No.  1  is  a  special  tlux  for  a  brilliant  scarlet 
preparation  from  lead  dichromate;  and  the 

remainder  are  used  for  the  same  purposes  as 
the  similarly  numbere<l  French  iluxes  dcj^criUid 
before. 

The  preparation  of  all  the  fluxes  is  as  follows  : 
The  various  ingredients  are  ground  together 
dry  and  then  melted  in  good  (  ruciMes  ;  when 
melted  they  are  poured  out  either  into  water 
or  on  a  slab,  the  latter  method  being  preferable, 
as  fluxes  rich  in  borax  are  readily  attacked  by 
water.  They  are  then  ground  to  a  fine  powder 
and  sre  ready  for  mixing  with  the  colouring  agent. 

The  fnlluwiiiL'  t\pical  mixtures  will  --'erve  as 
au  indication  ot  the  general  composition  of  on- 
glaze  colours;  the  ptouortions  of  colour  and 
ilux  remain  good  in  all  cases,  the  only  point 
\)ciufz  to  use  a  suitaWp  flux : — 

Regular  kiln  colours . 

iStrong  grnj. — Flux  No.  2,  68  partj< ;  coljalt 
carbonate,  6 ;  ferric  hydrate,  13 :  sine  carbonate. 

n. 

I'<df  qr-  If.  Flux  No.  2,  I»2  jiarts ;  cobalt 
carlxmate.  .'"» :  forrie  hydroxi<le.  3. 

Siroii'i  hhtrL-.  Flux  No.  2.  HO  part*;  cobalt 
carlfonale,  10  :  ferric  hvtlru.xidc,  lU. 

Iridium  bUfL.  Fliix  No.  2,  75  parts; 
iridium  scsquioxido,  25. 
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Uranium  black. — Flux  No.  2, 76  pute ;  black  i  borax;  thia  powder  ii»  then  made  up  into  n 
oxide  of  aranittio,  25.  pigment  by  mixing  it  with  oil  of  lavecdiT  oc 

Strong  blue. — Flux  No.  2.  61  pMfes;  OObalt  I  int  tiirpcntinu.  and  when  fin-'I  ihc  bismuth  aait 
carbonato.  13  ;  zinc  carbonut  <>,  26.  '  or  the  ij*»t&x  m^tves  to  flux  it  to  iha  glaze. 

Pale  blue.—F[\Lx  No.  2.  80  parte ;  ootalt  |  2.  The  English  method,  by  wfaloh  an  VBM' 
oarl>onate,  G  ;  zinc  oxido,  14.  gam  of  equal  parts  of  gold  and  mercury  is  pre- 

Blue-grun. — Flux  No.  6,  75  parts ;  oobelt  !  pared,  mixed  with  ^th-<^th  of  its  weight  of  the 
oarbonate,  6  ;  green  oxide  <it  cliromium,  19.       i  No.  2  n  nx  given  alK)vt',  and  irround  under  water 
8ea-gru». — Fiux  No.  2,  80  purto;  oopper  j  to  an  impalpable  })o\vdcr.   Tiiia  ia  dried,  mixed 
earbonate,  20.  |  withfatoib, and  npj)licd,liketheotIier,aiHl  when 

Palc-i/elluu:  -Flux  Xn.  1,  SO  parts;  potag.  firod  the  m.-rcury  volatilises,  Ir  r.ii  g  the.  gold 
sium  antimoniate,  14  :  emc  carbonate,  6.  with  a  dead  or  matt  surfaoo,  which  is  then 


Orange. — ^Flax  No.  1.  80  part.H ;  potaaaum 
antiraoni  itp,  14  ;  rr«l  <>jdde  of  iron,  fi. 

Vratiium  oran/jc. — ^Flux  No.  1,  75  parts; 
yellow  oxide  of  uranium.  25. 

Yellow  hrown. — Flux  No.  2,  76  parte ;  ferric 
oxide,  10  ;  zinc  carbonate,  15. 

.Aoi.— flax  No.  ^  76  parte ;  ved&mc  oxide, 

26. 

Jbw  eoIoKr.— Fhx  No.  3,  87  parte ;  purple 

of  Cas.siu.H,  12  ;  precipitiited  silver,  1. 

Purple. — Flux  No.  4,  90  parts ;  purple  of 
Cassius,  7  ;  gold  oxide,  .3. 

All  these  colourH,  with  the  exceiition  of  the 
last  three,  are  made  by  frrindin^r  together  the 
cunstitaentot  then  fusing  t  he  mixt  ure  in  crucibles, 
and  legrinding  perfectly  fine.  Of  the  remaining 
(hiee  colours,  the  red  from  oxide  of  iron  needs 
moHt  enreful  preparation.    The  oxido  for  this 


brightened  by  scouring  with  sand  and  burnishing 

\ntn  agato,  bloodstone,  &c.  Silver  and  plati- 
num are  seldom  xiavd  by  thcmselvud  but,  by 
adding  from  12  p.c  to  25  p.c.  of  them  to  pure 
gold,  light  and  green  gplda  ace  produced  ^which 
are  much  prised  as  additional  decorative 
resources  in  rich  i^ilding. 

For  very  elaborate  and  expensive  work,  sold 
is  sometimes  prepared  by  grinding  gold'leaf 
under  water  with  the  requi.sile  amount  of  flux. 
The  powder  thus  obtained  is  dried,  and  ground 
up  with  honey  to  a  workable  coosistenoy. 
It  is  applifil  tliiekly,  and  aftor  firing  can  b«> 
chase<l  and  cut  up  with  agate  chascrsj.  This 
was  the  method  of  gilding  used  on  the  fiUMt 
examples  of  the  soft  porcelain  of  Sevres. 

S.  What  is  known  as  *  liqtiid '  gold  is  now 
in  common  use.    A  fluid  mixture  is  prepare*! 


purpose  is  prepared  by  carofullv  oaloiniog  dried  i  pouring  a  solution  of  auric  chloride  into  an 
lerrotts  SQlphato  ontil  the  briUiant  red  tint  is  I  oily  menstranm.   This  may  be  painted,  printed, 

fullv  developed,  which  takes  place    between   or  nthpr'vi     1  ran-sferrcd  to  the  glazed  surface. 
40U*— 120".    Below  this  temperature  a  dirty  ^  and  on  hring  a  brilliant  deposit  of  aold  is  left 
and  above  ii  a  ])urplish<bin>wn  •  whioh  does  not  need  bumisning.    This  method 


yellowish  nrown. 

product,  is  obtained.  The  i  >xi<le  of  irf)n  and  '  is  analogous  to  that  by  which  the  gold  and  silver 
flux  are  .simply  groujid  to.rether,  not  calcined.  lustres  of  the  eighteenth  and  nineteenth  centuries 
The  colours  obtained  from  gold  are  obtained  used  on  common  pottery  were  obtained,  the 
by  mixing  the  ingredients  well  together,  and  so*oaUed  *  silver '  lustre  being  a  film  of  p***^»*iim 
submitting  the  mass  to  a  gentle  osloinhig  at  a  '  (v.  bekiw). 

tetn|r  rri1  lire  Iielow  rednes,^  ;  they  vary  in  tint  Lusiret.  Tride^oent  metallic  films  have  been 
with  the  degree  of  heat  to  which  they  arc  sub-  i  use<l  as  a  means  of  pottorv  decoration  since  the 
jeoted.  changing  from  a  full  rose-ooiour  at  a  |  ninth  century,  and  the  lustred  wares  of  the 
rlr  ir  red  \\ir\l  to  a  dullish  purplc  at  »  heat  i  Persian,  Italian,  and  Hispano-Moresque  potters 
approaching  whiteness.  (ninth  to  sixteenth  oenturicii)  have  formed  the 

Hud-kUl  Mknin*  subject  of  many  treatises.    After  centuri^  of 

These  colours  are  prepared  from  materials  neglect  this  elegant  process  has  been  revived 
Himilar  to  those  use<l  for  reeular-kiln  colours,  duringtholastfiftyyears,  and. in  many  countries, 
but  they  contain  a  smaller  ])roiiortion  of  flux,  it  is  again  used  as  a  distinctive  jxittery  dceora- 
Owing  to  the  greater  heat  to  whioh  they  are  i  tion.  la  principle  it  consiste  in  the  production 
subjected,  the  number  of  eompoonds  which  of  films  of  silver  or  copper  on  a  fired  glaze,  bnt 
can  h<  u^i'd  is  more  liinifed  tliati  in  the  former  '  the  films  are  of  such  exquisite  t<"nuity  that 
case ;  but  the  colours  become  so  iumd  ittto  the  i  they  glow  with  interfereuce  colours  like  a  soap 
glaze  that  they  attain  an  added  richness  and  '  bubble,  as  well  as  with  the  yellow  colour  wtdok 
brilliancy,  f»nd  fif  rhc  <ame  time  l'oM  and  other  silver,  or  the  red  colour  which  copper,  impartA 
metals  can  l«i  appheil  over  tie  tu  fnr  decorative  i  to  a  glaze.  The  term  'lustre'  has  been  care, 
purposes.  lessly  applied  to  pottery  covered  with  thin 

JfetoZ*.— Only  the  noble  metals  can  be  '  metallic  nlms  of  gold  or  platinum  (eighteenth 
applied  in  the  metallic  state  for  the  decoration  of  |  century  and  later).    In  speaking  of  lustre,  the 

term  ouj:ht  tn  U«  restricted  to  those  metallic  films 
that  arc  so  thin  as  to  beirfdesoent  [p.  Burton,  W.» 
Lustre  Pottery,  Joom.  Roy.  Soc  of  Arte, 
1907,  vol.  65).  The  term  Mustn^ '  is  also  oom- 
mordy  used  for  certain  compounds  with  a 
biHmuth  salt  as  base,  which  when  fired  in  an 
ordinary  kiln  lease  pearly  films,  which  are 
fet  bly  iridescent,  but  these  are  fired  at  so  low 
a  temperature  that  they  are  not  very  duraUo 
and  they  always  lack  the  artistic  charm  of  trae 


]>otl<'ry,  and  of  these  only  i^old,  silver  and 
platinum  are  in  actual  usi>.  The  preparation 
of  the  gold  for  pottery  purixiscs  necessttetes  ite 

piM(!iiction  in  as  fine  a  >t.itr  of  <ufKlivi>ion  as 
possible.  Three  metlidils  are  in  u.sc  for  this 
piirpos(>  :- 

!.  Thr  fVeiK  h  method,  in  whi<h  the  gold  is 
obtained  m  a  finely  divided  stat^.^  by  precipi- 
tating a  verv  dilut*-  Holution  of  the  chloritle  with 
a  <lilut«!  sokition  of  ferrruH  .sulphate  (v.  art. 
<  lor.n).  The  pn'<-ipitr»ted  i;ol<l.  after  careful  and  i  lustre  decoration 
rep  at^-d  \va.shint."'.  ' ' '  ground  with  ^'^th  Application  of  coloun*.  Tlie  colours  arc 
of  tt«  weight  of  bismuth  nitrate  or  of  calcined  i  appUed  by  painting,  stenciUingf  the  transfer  of 
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printed  or  lithographc-cl  patterns,  and  in  a 
variety  of  minor  ways.  In  eaoh  oaae  the 
colour  is  mixed  with  a  resinous  medium  to 
give  it  body.  For  printing  puqx>»es  it  iti 
mftde  into  a  kind  of  ink  or  pigment  by 
nisiiig  with  thiok,  boiled  linseed  oil.  The 
mirtare  is  then  worked  into  an  engraving  or 
etching  on  a  flat  <  (»p]M  r  |>latr  nr  roller  ;  tlic  excess 
of  colour  in  removed,  and  a  print  taken  from 
tiweiigi»TiiigOBthiDtiinie>paper.  Lithographs 


Fia.  ff.— TRanvTSRSK  Skctiom  ov  ENABOLUiro 

Kiln. 

a.  KUd.   b.  Fireplace,  charged  at  e.   e.  Buttom  flue. 
/.  Upinght  flaes.  9,  Ghimney. 

are  prepiirfd  ihik  Ii  in  the  usual  way.  Tlir  jiipcr 
print  or  lithusraph  is  then  applied  to  the  required 
artiele ;  in  the  case  of  under>glase  colours  on 
the  biscuit  ware,  and  in  the  case  of  on-qlaze 
colours  on  the  gla/e<l  ware.  The  porous  biscuit 
wave  xeadily  absorbs  the  colour  from  t  he  paper 
when  rubbed,  anri  the  paper  can  then  \h'  washcti 
or  puUed  off.  <ilazed  pieces  are  tirst  '  prinied ' 
witn  a  size  ma>\<  )>v  thinning  Canada  balsam 
with  turpentine ;  thiti  sise  serves  to  absorb  the 
colour,  and  after  standing  some  time  the  paper 
i-i  washed  off.  l<  a\  in;^'  behinrl  a  ])erfeet  impres- 
sion in  colour.  The  ware  then  requires  to  be 
fifed,  and  this  firing  is  effected  in  a  closed  kifai 
or  muffle,  showu  in  section  in  Fil'.  T).  T!ie  ware 
in  i»kilfully  piled  in  thi» ;  in  the  case  of  biscuit 
ware  it  is  heated  to  full  redness  to  expel  the 
printing  oils,  and  leave  the  ware  in  a  condition 
to  receive  the  gla/.e  ;  in  the  case  of  on -glaze 
colours,  the  firing  in  carefully  regulatc-d  tu  suit 
the  particular  colours  in  question.  During  recent 
years  nraefa  printed  biscuit  ware  is  no  longcrr 
heated  to  »lrive  out  flie  in],  but  the  latti  r  i> 
suflSoientl^  saponitiud  by  \vu»hing  the  piece  iu 


a  bath  of  dilute  acid,  so  that  a  sufficient  coat 
of  glazo  adheres  when  the  pieces  are  dipped. 

In  painting.',  the  colours,  whether  umler-glazo 
or  on-glaze,  are  niix<  d  up  into  workable  pigments 
with  fat,  turpentine,  oil  of  lavender,  aniseed,  &c., 
and  applied  with  oamel'hair  peneils  in  the 
ordinary  way. 

M.'tals  are  usually  fluxed,  so  as  to  adhere 
rfectiy  to  the  glaze  at  the  heat  neoea8ai;y  to 
e  the  oii*glase  eoloiin. 
Various  pyrometers  and  jiyniscopeshavo  been 
devised  for  potter^' purposes  iium  the  'contrac- 
tion *  pjTometer  of  Wedgwood  t  <  >  1 1  n  1 1 1  1 1  >  le  co  n  es 
of  Segcr  (w.  art.  Pyrombtby;  aLso  Burton,  W., 
Trans.  Eng.  Ceramic  Soc.  vol.  6  ;  ami  liarling. 
Industrial  P\Tometrv  ((jantor  Lectures,  Rov. 
Soc.  Arts.  1910-1911)):  but  in  practical  work 
the  fireman  nsually  judges  the  prognose  of  the 
firing  by  small  trials  of  a  siniilar  ^uli-tanee  to 
the  material  being  fired,  wliich  he  removes  from 
(he  kiln  from  time  to  time  as  the  firing  pro« 
ipresses. 

Littmlure.  Brongniart's  great  work,  Trait^s 
des  Arts  Gtotmiquee,  es}xciallv  the  edition  of 
1877,  with  additions  by  Salv^tat,  laid  the 
foundation  of  modem  ideas,  but  is  now 
out  of  date.  Salv6tat  publishitl  many  valuable 
essays,  notably  his  Legons  de  C^ramiques. 
Soger's  collected  writings  (German  edition, 
I8!)5;  Enu'Iish  translation.  111(12)  mark  an 
epiich  because  they  furnished  a  fresh  starting- 
point  for  later  investigaton  in  all  countries. 
The  Spri?chsaal  in  Oermany;  the  (Vimptes 
Hcndus,  and  other  publications  of  the  Academy 
in  France ;  Transactions  of  the  English  Ceramic 
Society  and  those  of  the  American  Geramio 
Society,  record  current  progress.  A  few  works 
such  as  Langcnljeek,  Chemistry  of  Potterj',  1895  ; 
Auscher,  Technolooie  de  la  C6ramiquo,  1901 ; 
Bourry,  TVaitA  (fas  Ihdiistries  Cwamiques, 
1897,  Kriiilish  translation,  11)01  ;  Sehamberger, 
Die  Ki-ramische  Praxi.s,  liH)l  ;  Granger.  La 
Ciramiquo  Indnstrielle,  IiR»5;  B.  Kerl.  Hand- 
buch  der  tJesammten  Thonwaarenuulu.-trir,  K. 
Cramer  and  H.  Hecht's  edition,  1907  :  und  K. 
Dummler,  llandbuch  der  Ziegel  Fabrikation — 
new  edition  to  be  published  in  eighteen  parts 
of  miiiidi  twelve  parts  have  avpeared — are  ooo- 
veoienttext-boolnof  modemtbeoryancl  practice. 

\\\  B, 

POUDRE  B  V.  E3cn.06ivi8. 

POZZUOLANA  r.  Cf.mknt. 
PRASEODYMIUM.  Sym.  Pr. ;  at.w.  140'6. 
One  of  the  two  metalUc  components  of  the  rare 

earth  *  didymia.' 

Occurrence  and  separation  v.  Neodymh  m. 
The  metal,  sp.gr.  6-47i>l  ;  in. p.  940°,  Is  obtained 
by  the  electrolyitis  of  its  fused  chloride  and 
purified  by  melting  under  anh>'drous  barium 
chloride  in  a  magnesia  crucible  (.Muthnuinn  and 
Weiss,  Annalen,  1904,  331,  1).  It  forms  an 
ill«defined  hjrdride. 

PliiiOdymium  carbide  PrC-.  sp.gr.  r)  iO; 
closely  resembles  the  neod\iniuni  compound, 
and  is  decomposed  by  water,  yielding  a  mixture 
of  acetylene,  parni'^ns.  tii  l  r.l.  fine*. 

Praseodymium  fluoride  i'rFj,  yellow  uli.>fen- 
ing  crystals  produce  I  l<y  mixing  warm  .solutions 
of  hydrogen  fluoride  and  praseodymium  nitrate 
(Ber.  1!K)8.  41,  (tt4). 

Praseodymium  chloride  PrCIj.  |tale  t'reen 
hygroscopic  mass.    Preparation,  v.  Ncudv-mium. 
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The  iiept&iiydr&te  separates  in  large  p;reon 
orystali  (Sotw«At,  Zeitson.  anorg.  CKcm  181*8,  IS, 

352;  Ma'l  II  n,  Compt.  rend.  1902,  VM,  4-27). 

Pmeodymlum  bydroxlde  Fr(OH),t  a  light 
green  precipitate,  thrown  down  hy  oaastio 

alkalis  or  ammonia  from  9olubl(>  praseodymium 


SUnunt :  Diamond. 

Sulphides :  (Too  soft ;  ot  aieoted^  by  lighl 
Pyrites  is  occasionally  used  in  cheap  jewellery). 

Haknih:  (Too  aoft.  fluor-spar  haa  been 
used). 

Oxides :   Conmrlura  (ruby   and  siipphire). 


elats.    Tn  the  prwseuce  of  hydrogen^  peroxide   quartz  (including  agate,  amethyst,  chalcedony^ 


a  h3rdrat6<l  praseodymium  peroxide  in  formed 

Praseodimium  peroxide  I'lO,.  The  Mghor 
black  oxide  i.H  produced  (m  heating  praseody- 
miam  hydroxide,  nitrate  or  oxalate  in  the  air, 
bvi  Its  exact  composition  depends  on  the  tern- 
perature.  The  maximum  proportion  of  active 
oxygen  is  taken  up  when  praseodymium  nitrate 


is  melted  with  potassium  nitrate  at  400*-460*.  apatite. 


rock-eryatal,  jasper,  &c.),  opal,  haenmtito. 

Aluminnte^  :  Spinel,  chrysoberyl  (BeALO^V 
CarbonatcA  :   (Too  soft.    .Mnlackitc  and  the 
satin-Hpar  Tariety  of  calcit<  <  >  asionaUy  naod.) 

Sulphates  :  {^oo9oit.  The  satin -spar  vacietgr 
of  gypsum  and  alabaster  used  for  ornamental 
purposes.) 

FAotphatet :  Turquoiae*  raxe^  lasulite  and 


The  presence  of  cerium  increa.se.s  the  r.-n  ii  ncy 
to  form  the  peroxide,  whikt  lautiianuiu  and 
neodymium  have  an  inhibiting  action.  The 

pero.vide  liberates  iodiiie  and  ohlorinf  from  the 
oorreepuuding    halogen   hydrides    m  aqueous 

eolvtioii.  In  aeid  Matieitti  it  oxidises  cerous 
to  oerio  salts,  and  manganous  salts  to  per- 
manganic acid ;    with  hydrogen  peroxide  it 


Silicaies  :  Beryl  (aqtiamarine  and  emerald), 
felspar,  garnet,  jodc,  lapis-lazuli,  olivine,  rho- 
donite, qpodumene,  topaz,  tonrmaline,  liroon, 
&c. 

Organic  comvouncLs  :  Amber,  jet. 

For  descriptioiiiB  of  each  of  theee  mimsrals, 
ate  under  the  respective  headings ;  see  also 
Qbms,   abtiftcial  :    Gems,    imitation  and 


evolves  ox v^en  !  Monatsh.  1SS5,  6,  477;  Zeitsoh.  I  ootTNTKEi  i:i  i  L.  J.  S. 

anorg.  Chem.  1S08,  17.  310;  ibid.  1902,  S2,  1 ;  j      PRECIPITATE,  B£D,  WHITE,  v.  Msbccsy. 
1904,  41,  94;  Oliem.  Soc.  Pcoe^  1901,  17,  66;  '      PRBHBMITBRB  «.  CnOMlB. 
B  r   isne.  25,  569  ;  1 901*,  35.  2370,  3740).  PREHBUIOL  9,  VBmtOL  AND  ITS  BOMO- 

Praseodymium  oxide  (praseodymia)  Pr,0„  looubs. 
greenlsh-yelluw  powder,  produced  by  heating  i      PRICETTE  t'.  Colkmanitb. 
the  peroxide  in  hydrogen  ;  it  reidily  undeigOM        PRICKLY  COMFREY,  Symphytum  aspcrri- 
oxidation  in  the  air,  becoming  brown.       _        m«m(Donn).  A  succulent  perennial  plant  which 
~  --.     -  has  been  highly  praised  as  a  green  fodd«r  for  farm 

animals.  It  is  usually  grown  from  root  oattinn, 
and  yields  many  crops  per  year.  It  dkinud 
be  cut  befr)re  tlowering  uid  then  haa  the  com- 
position (Kellner) — 

N-fiee  Onto 
Water  Protala    Fat    extraot    flbie  Ath 
88-5      2-5      0-3       60       1-7  M 

Only  about  0*9  p.0.  of  digestible  proteid  ia 

pre  1  ;  '  It  can  be  made  into  hay,  if  cut  while 
young.  Kellner  gives  as  the  average  com- 
positfon  of  sndi  hay — 

X-frrc  frwd© 
Water  Protein    Fat    extract    fibre  Aula 
1(K>     a0*7     i*?      36-1      11-0  IBrO 


Pr,(S0.),.8H,0, 
monosymmetric  crystals,  isomorphous  with  the 
corre!»pondinK  hydrated  sulphates  of  neo- 
d^  iiiiiiMt.  smiuium  and  erbium  (Zeitnch.  Krist. 
lUOl,  34,  307) ;  it  is  the  most  stable  hydrate, 
but  two  others  are  known  with  12  and  15-5 
H  '■>, 

Prftseodymiura  nitrate  l*r(N0,)„6H,0.  deli^ 
•  qnesoent  needles;   forms  well -defined  double 
nitrates,   e.q.    rr(Xn3),.2NH«NO„4H,0.  and 
Pr(NO,)„2UbNU„4HjO  (Zeit^h.  anorg.  <  h.  m. 
191 1,  69,  221 ). 

Praseodymium   aurbonate  Pra(C0,)„8H,0, 
forma  green  double  oarbonates  with  ammonium 
and  potassium  carbonates (Zeitflch.  anorg.  Chem. : 
1904,  41.  04). 

Pnmodymliim  oxilailt  Prt(C,o,),.iuH,o, 

crystalline  pole  green  powder;  the  aoetylaceto-  I 

nate,  Pr[CH((^O  CH,)|l„  m.p.  140"*,  i?  bimolccu- 
lar  in  boiling  carbon  dUulplude. 

Ahsorptiaii  spidrum  of  prn'^eitlyraiuin  con- 
sists of  iitio  bands  ranging  frum  A  597  to  A  444 
(Anndrn,  1890.  2r>0,  159;   Bcr.  1892,  2r..  569; 
1000.  33,  42 ;  Chem.  Soc.  Froo.  1898,  191»  71;  ; 
V.  Neodymium). 

Arc  and  spark  si'-rtrum  v.  Neodymium. 

Physiolof/ical  action  of  praseodymium  salts, 
t*.  NiODYMitnf.  G.  T.  M. 

PRECIOUS  STONES  an-  tho-,.  miner;i!s 
which,  by  reawnof  their  h\ii\\  dcgret)  of  hardness, 
brilliant  histre,  and  attractive  colour,  combimd 
with  rarity  of  occurren* ".  find  an  application  in 
jewellery.  The  several  kinds  dilTcr  widely  m 
chemiou  eompontion;  but  witli  the  notable 
exceptions  of  diamond  and  turquoise,  the 
majority  of  them  fall  in  the  oxide  (including 
aluminate)  and  silicate'^divittiims  of  the  niineralo- 
gioal  system  of  daasitiGation.  As  indioating  the 
range  in  'oompodtion,  the  following  may  be 
mentioned : — 


Till   }irotein  ineludes  0*6  pbO,  of  d^ottiUo 

proteid.  H.  T. 

PRJCKLT  ntAR,  Opuniia  Tuna  (Mill.).  A 

native  cactus  of  the  West  Indies  sr  1  Mf  xioo, 
now  introduced  and  become  naturalistd  in 
many  hot  countriofi,  in  some  of  whioh,  t.g.  Capo 
Ct)Iony,  New  South  Wales,  St.  Helena,  it  haa 
beoome  a  troublesome  weed.  The  fruit  is 
■ometiraen  eaten:  aeootding  -to  KSnig,  it 
oonaists  of— 


Rind 


ine^h 
»2 


Seeds 
8*3 


and  the  flesh  oontains — 

Saear  yielding 
Water  Frotein  bumt  catbobydratei 
01*6       0*7     5%  1*4 


Fat 

trace 


Ash 
0-3 

.ered 


Both  the  fruit  and  tho  '  leaves  '  arc  com 
with  sharp  spines,  which  have  to  be  removed 
before  therniit  oan  be  eaten.  The  succulent  leaf- 
like  braiuhc-,  ;ifUr  fh'-  -pirn  are  removed  hy 
burning,  can  Ik*  used  as  food  Uiv  .iiiimals  in  dry 
seasons,  when  green  food  is  »carc' .  A  specimen 
of  these  branobes,  grown  in  the  Transvaal,  was 


DigitizG<j  by  Google 


PRIMULINB  AND  ITS  DERIVATIVES. 


386 


pxaminnd  bv  the  writer  and  found  tO  ff«intftin 

(J.  Agno.  Science,  3.  29) — 

£ther       X-free  Crude 
Watoc     Protein     extract     extract     flbr«  Aab 
98-8       0'4        0-1         3*9      U>6  M 

The  aah  wm  rich  in  potaah  and  lime. 

H.  I. 

PMHROSB  V.  TBIPHSffTClRTRAKB  COLOUB> 

ntC  MATTERS. 

PRIMULIME  AMD  ITS  DERIVATIVES 
(Sjrn.  Thlaiol  dywtaffli  or  ThtofeMoanyl  dy«- 

Hiub).  Under  this  luading  will  be  considered 
thtf  oolouring  nJtatt«ri«  chiaracteriaed  by  the 
praMOM  of  tM  chronuqthofio  groiqping 

-C-N 

II  >c- 

which  are  dcrivt^l  from  the  condensation-pro- 
ducts obtained  by  the  action  of  sulphur  upon 
paratoluidino  ancl  metazytidine. 

History.  The  preparation  bv  Dalil  and  Co. 
(Eng.  Pat.  14232,  1885)  of  a  8Ui»i)osi-d  tJuu-;j- 
ioluidino  ir^umorio  with  the  dianiinoditolyl- 
BOlphido  of  Mcrz  and  Weith  le<l  the  WTiter  in 
1887  to  study  the  action  of  sulphur  upon 
p-toluidine.  It  was  then  found  that  if  these 
aabeUnoes  were  caoaed  to  react  at  the  boiling- 
point  in  the  proportion  of  8  mob.  of  ttie  latter 
to  4  atonic  oi  the  fornicr,  the  loss  of  hydrogen 
sulphide  which  occurs  corresponds  witk  the 


The  product  obtained,  which  ia  now  known  as 
dehydrolhiotf^uidinef  wa»  a  crystalline  base 
forming  long  yellow  needlee  of  m.p.  191°,  and 
il.p.  4151".  li  was  in.Hohiltlo  in  water,  more 
readily  soluble  in  alcohol,  and  formed  sparin^y 
solable  yellow  salts.  On  treatment  witii  fommg 
sulphuric  acitl  it  gave  rise  to  a  very  sparingly 
soluble  moao-sulphonic  arid,  characterisod  b}' 
forming  a  colourlesn  .sparingly  sohiblu  am- 
monium salt.  Although  the  <lehydr(>thii>t<ihu- 
dine  containe<i  only  one  diuzotisablo  uiuino 
group,  it  was  found  that  its  diazo  compound 
and  aJso  the  diaio  derivatiTO  of  its  sulphonic 
acid,  when  oonpled  witii  smtable  amines  and 
phenols  (or  sulphonic  acids  tht  reof)  gave  u 
series  of  colouring-matters  which  all  d^ed 
ootton  directly  witnoiit  a  mordant,'  this  lieing 
the  first  known  case  of  mono-a/.o  dyestuffs 
having  this  proiK-rly.  Furthermore  there  was 
obtained,  by  the  action  of  ammonia  upon  the 
«lia7,oti>«ed  dehydrothiotoluidino  siili)honic  a(  id, 
a  bright  greeniish-yellow  dyestufi  al6(j  pos;-»'s.sing 
»  BubstaiitivL-  aflinity  for  cotton. 

A  further  study  of  the  aotioa  of  sulphur 
upon  )>-toInidine  revealed  the  fact  that  in 
addition  to  dehydrothiotoluidino  there  were  also 

Cruduoed  higher  condensation-products  of  the 
ktter,  these  compounds  bdng  formed  aooording 
to  the  equation.s 

3C,H,-NH,+S,=C„H,jSiN,-f6HjS 
and  4C,H,-NH,-fS„=C„H„S,N4-fyU^ 


more  condensed  bases  ('  primuline  bases  *) 
obtained  in  lar;ii'r  aim  unit  )>y  increasiing 
the  proportion  oi  sulphur  to  4^-5  atoms  t<i  ^ 
1  mol.  amine.   Although  possessing  in  general  i 
plop<rti<-s  similar  to  dcliydrotluotoluidiiie,  they 
are  of  a  d(H-(K*r  yellowcolour,  more  insoluble,  and 
ttelt  and  boil  at  higlier  temperatures.  Like  [ 
Vol,  iV.— J. 


'  dehydrothiotoluiflino  they  cont^iin  a  single 
!  diazotit^ablo  amino  group  and  their  diazo 
compjunds  upon  combination  '»ith  amine-  and 
phenolsulphoiiic  aciiLs  were  found  to  produce 
azo-  dycjitutTs  very  similar  to  those  derived 
from  dehydrothiotoluidine  and  liktuise  possess- 
ing a  direct  affinity  for  cotton.  In  seeking  for  the 
oanae  of  tlds  affluiiW  the  discovery  was  made 
that  the  soluble  alkaline  i^alts  of  tho  mono- 
sulphonic  acids  of  the  above  higher  condensation 
products  themselves  dyed  ootton  directly,  im* 
parting  thereto  a  primrose  yellow  colour. 
Furthermore,  it  was  found  that  by  immerainff 
the  cotton  thus  dyed  in  a  weak  scdution  oi 
nitrous  acid  the  amino  group  of  tlie  compound 
could  be  readily  diazotued  without  disturbing 
the  affinity  of  the  compound  frar  Uie  fibre,  and 
upon  then  bringing  the  cotton  into  a  solution 
of  an  appropriate  amine  or  phenol,  a  series  ol 
new  dye.HtutVs  were  produced  varying,  according 
to  the  component  used,  from  reddiah-yellow  to 
red,  violet,  and  blue.  These  aao  compounds 
beii^  built  up  within  the  fibre  substance,  were 
fixed  upon  the  cotton  with  a  firmness  far 
superior  to  that  of  the  ahades  dyed  With  ordi- 
nary 'direct'  or  '  salt'  colouring-matters,  and 
potkictiaod  in  con^-quencc  a  high  degree  of  fast- 
ness to  washing,  soap  and  alkalis. 

Under  the  name  of  *  Frimuline '  the  sodium 
salt  of  the  above -described  sulphonic  acid  of  the 
higher  thionated  ;)-tolaidine  was  first  manu- 
factured and  introduced  into  commerce  by 
Messrs.  Brooke,  Simpson  and  Spiller,  of  London, 
in  1887,  and  employed  for  the  production  of  so- 
called  *  Ingrain  Colours  '  by  the  above  process 
of  diazotie^ing  and  developing  upon  the  fibre 
(A.  G.  Cireen,  The  Dyer.  1887;  7.  lol  ;  J.  Soc. 
Chem.  Ind-  1888,  7,  17U ;  Chem.  hoc.  Trans. 
1880,  55,  227).  By  reason  of  the  fastness  of 
the  Hlta<lcs  produced,  more  especially  of  the 
red  obtained  -with  /i-naphthol,  primuline  at  once 
acquired  a  high  tccluiical  importance  and  was 
manufactured  by  various  firms  under  the  names 
of  '  Polychromine,*  *Thioohromogen,*  *8ulphine,* 
'  Auruoiitu','  kr.,  all  <  (  which  names  have, 
however,  now  become  ohsolt^te. 

The  important  principle  of  pro<lucing  fast  \, 
colours  upon  the  fibre  by  dyeing'  with  a  sub- 
stantive colourmg-matter  containuig  an  amino 
group  and  afterwards  diazotising  and  develop- 
ing (*  ingrain  process  ')  has  since  been  extended 
to  a  large  number  of  otlier  dyestuffs  (Diamino- 
gcn,  Diazo  Blacks,  Diamine  Blacks  and  Blues. 
&c.),  especially  for  dyeing  fast  navy  Uuee  and 
blacks. 

In  addition  fo  the  colours  pnxlurpd  upon 
the  fibre  from  primuline  by  diazotisation  and 
development,  it  was  also  found  that  a  reddish- 
yellow  of  extreme  fastness  to  lipht  and  wiitihing 
was  obtainai)lo  by  oxidation  of  the  dyed  cotton 
with  a  solution  of  sodium  or  calcium  hypo- 
chlorite.  The  ajjplication  of  the  latter  reaction 
to  Primuline  in  substance,  and  to  the  sodium 
salt   of   dehydrotliiotoluidine   sulphonic  acid, 

?;ave  rise  to  valuable  direct  yellow  dyestuffs 
ast  to  light  ('Chloramine  Yellow,'  '  ( )xyphenine,' 
'  Clilorophunino  Yellow,'  A.  .).  It  was  also 
found  by  Green  and  Evert»lied  that  the  diuzo- 
amino  compouncb  deriv©(f  from  Primuline  or 
from  dchydrothiotolnidinc  sulphonic  acid  or 
both,  were  substantive  cotton  dyestulls  )XiB»eas- 
iag  a  bright  gieenish*yeUow  shade  (  Thiasol 

2  c  _ 
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YoUow/'CUyton  YoUow,' 'Turmeriiie').  Thew  '  Truu.  18S9,  227);  and  Ffitxiogor  and 
were  flnt  bronght  upon  the  markefc  by  the  Oattermann  (Ber.  1889,  22,  1063).  The  laat- 

daytoa  Aiiiliao  Co.  ami  by  Bayer  &  (V>.  I  named   authors   finally   establishod   its  con- 

The  trimetUylamiiionium  chlunde  of  Ue-  ,  stitution  as  that  of  a  p>anuuubeuzeayl-amiuo- 


hydiothiotolttidine,  obtained  by  boating  the 
hasc.  with  pi'-^'ivl  aln  h  1  arnf  hydrochloric  acid 
was  found  hy  Uiei-n  and  ijawsou  (Ber.  1889,  22, 
971 }  and  by  koseiiheck  to  bo  a  valuable  greenish- 

fi^ellow  basic  dyestuff  ('  Thioflavine  T  ').  Methy- 
ated  derivatives  of  primuline  were  also  Intro- 
tiuci'd  by  Cassella  &  Co.  as  direct  yellow  dye- 
stuffs  lor  cotton  under  the  name  of  '  ThioflAvine 
8,*  whilst  the  oondeunthm  prodnet  cf  primuline 
-with  formaldehyde  was  .sold  by  Bruob^  Simpeon 
and  Spiller  for  the  same  purpose. 

The  dehydrothioaylidme  obtained  by  Schultz 
and  Anschiitz  by  heatinc  ?)T-xylidino  with 
sulphur  (Bor.  1889,  22,  582)  was  employed  by 
the  Berlin  Aniline  Co.  for  tho  preparation  of  a 
valuable  pink  cotton  dycstulT  ('  Erica  ')  by 
combiiiatiuu  of  its  diozo  compound  with  the 
«-naphthol-€-disulphonic  acid. 

The  oonstittttion  of  dehydrothiotduidino 
mw  inTeetagftted  by  P.  Jaoobeen  (Ber.  1889,  22, 
330);  Gattermann  {ibid.  1889,  22.  422); 
AnschiitK  and  Q.  Sohults  {ibid.  1889,  22,  580) ; 


thioodreeol  (syn.  j»-MnUioph0iq4<tolnthiaKil) ; 


GH,' 


By  deamination  it  was  found  to  give  ris<>  to  a 
benzenylaminothiooresol  identioal  with  that 
obtunable  by  oxidation  of  an  alkiiline  solution 
Ol  ti^hMIBoyl-J}-toluidiiie 

C,Hj-CS-NH  C.H^  CHj. 

It  thus  appears  probable  that  in  the  action  of 
sulphur  upon  p-tdnidine  the  methyl  group  of 
the  latter  is  fir.'^t  attacked  uith  ]jri)ductinn 
of  p-amino-ditluoboiizoic  acid  l>illj  C,ll4i  is'SH, 
which  reacts  at  once  with  the  second  molecule 
of  ;;-toIuidine  giving  the  amino -thiobonzoy^p- 
toluidine  NH,-C,H4-CS%XUC,H4-CH,-  The 
latter  is  then  converted  into  dohydrothio- 
toluidine  by  the  withdrawal  of  2  atoms  of 
hydrogen  as  hydrogen  sulphide. 

A-ssuming  that  the  further  action  of  suljjhur 
proceeds  in  a  similar  manner,  the  higher  thiu- 


A.  G.  Oreen  (Oil.  1889,  SS,  068;  Chen.  8ooJ  nated  hoaee  will  have  the  oonstittttion 


:_>-«=<_> 


With  4  atoms  of 
sulphur 


110  p.0.  unaltered  p-tolnidine 
50  p.c.  dohydrothiotoluidine 
40  p.c.  primuline  base 


sulphur  '^^  P  '''  dehydrothiotoluidio© 


ExperioMnte  oondncted  hy  the  writer  (un- 

pnblishod^  snpjtort  the  conclusion  that  \;om- 
nicrcial  i'riinuima  consists  almost  entirely  of 
the  mono-sulphonato  of  the  first  of  these  com- 
pounds.   The  latter  also  inny  sometimes  bo 
present  to  a  small  extt  ut  (as  sulphonato),  and  is 
])ro(lu(:ed  as  chief  product  by  heating  dehydro-  . 
thiotoluidine  (2  mols.)  with  sulphur  (4  atoms)  with  n  Atom.,  nf  I  ^  P  *''  "^altered  p-tduidiae 
(Green.  Ber.  1889.  22,  970;*^Kaui  ft  Co.;   ^  ^^^p^ur  ^ 
D.  R.  P.  G1201).    In  regard  to  the  properti.>a  1         ^  f  76  p.c.  primuline  baao 

of  thusu  two  ImskSA  it  may  be  mentioned  that  j  The  best  proportions  wiUi  respect  to  the 
tho  tirst  lui-Its  at  about  820*.  is  insolnUe  in  I  quality  of  the  FrUnnHne  obtained  is  that  of  4| 
alcohol,    but    solu])lo    in    nitrobenzene.    Tho   atoms'of  i^ulphur  to  2  mols.  of  p-toluidine.  For 


1 63  p.c.  primuline  base 


second  mdts  at  about  340^,  and  is  insoluble  in  ' 
nitrobenzene,  whilst  its  solphonio  acid  has  a 
more  intense  yellow  colour  than  the  mlphonic 
add  of  tho  first. 

Evt  ti  witlx  production  of  tho  totranucleal 
base,  tho  ooudensation  by  sidphur  does  not  | 
oome  to  a  stop,  for  upon  heating  p-tolnidine  ' 
^rith  still  inoro  .  n'phur  (3  atoini<:  pr. -jtortions  : 
to  1  iiiol.  amine)  products  of  extremely  high  I 
melting-point  are  formed,  which  are  solid  at  I 
300",  insoluble  in  all  solvents,  and  not  onnverted 


the  preparation  of  dehydrothiotoloicUne  base  it 
is  best  to  employ  2  atoms  of  sulphur  to  2  mole. 

of  ;>-tolui<line  and  to  subject  thn  melt  to  a 
fractional  distillation  in  vacud.  The  excoss  of 
p4daldino  and  a  little  diaminmlitolyl  sulphide 
pass  over  first  and  are  then  followinl  hy  pore 
dehydrothiotoluidine  wluch  crystailisos  on 
cooling. 

TkoFrimulineMeltis  made  in  an  enamelled 
iron  pot  of  about  200  gals,  capacity  wliich  is  set 

in  brickwork  anil  ])ro\ided  with  an  t  iia nu  lled 


into  soluble  sulphonates  oven  by  iugidy  fuming  iron  agitator  {see  Fig.  1).   The  lid  ol  the  pot 

sulphuric  acid.  also  carries  a  thermometsv  tube,  and  a  hde  for 

JjMiufacture  of  Prlmulfne  and  of  dehydro-  charging  and  eraptj-ing  wWch  is  closed  by  a 

QioCOlvMine  sulphonie  acid.    As  tlic*  above-  aango.    Connected  with  tho  lid  is  a  cast-iron 

me_nfione<l  condensations  proceed  concurrently,  pipe  (preferaUv  enamelled)  of  8-10  ins.  internal 

It  13  not  possible  to  obtain  sin^e  products,  but  diameter  ami  aluait  40-50  ft.  long.    This  pip«i 

mixtures  in  different  proi>ortions  of  dehydro-  is  inclined  upwards  at  an  angle  and  serves  as  an 

tluotoluidino  with  its  hiL.'li,  r  thir,nat<  d  ilcriva-  air  cooler  to  condense  and  return  to  the  pot  tho 

tlvcs  are  always  protluced.    Thus  by  reacting  }).tdQidine  which  is  carriwl  oil  a.<?  vapour  by  tho 

upon  J  niols.  of  p-toluidme  with  the  following  current  of  hydrogen  sulphide.    The  whole  or  a 

proportions  of  sulphor,  the  products  consist  part  .f  (he  pipa  can  if  necessarv  l.<       i  d  by  a 

» spray  of  wat<Mr.   i^m  the  further  end  a 
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smaller  pipe  (2  ins.  fliam.)  carries  the  gan,  which 
should  then  bu  quite  cuJd,  to  au  irun  box,  in 
whioh  » little  p^tdoidiiM  ooOeots,  and  thenoe  it 


Fig.  1. 

paaaos  to  the  f  umoco  where  it  is  burnt  under  the 
pot,  which  it  serves  to  heat. 

The  pot  is  chargefl  with  1000  lbs.  of  p- 
toluidino  and  670  lbs.  of  sulphur.  This  is 
heated  to  the  boiling-point  for  aevvml  hours, 
the  tempt-rafure  slowly  rijiijit;  as  the  reaction 
proceeds.  The  t- volution  of  hydrogen  sulphide 
commences  at  170°  and  is  cpmpleted  when  the 
temperature  reaches  270''.  The  ngitat^)r  in 
then  stopped  and  the  hot  fluid  in  tranHftrred 
from  tho  pot  under  air  pressure  by  means  of  a 
pipe  inserted  through  the  charging  hde.  Alter 
oooling  and  wHdifying,  tho  prodnot  is  ndneed 
to  powder  by  meuns  of  a  oiaintegrKtor*  The 
yield  is  alxjut  1125  lbs. 

The  Sulphonation  is  performed  in  an 
enamelled  iron  jackcttpd  pan  of  220  gals, 
capacity  provided  with  cooling  pipes  through 
which  cold  water  can  be  oinndated  {see  Fig.  2). 
The  (Mmtente  of  the  pan  eaa  be  lapidly  stiitxed 


Fio.  S.  I 

by  means  of  an  agitator,  the  blades  of  which  j 
pBM  between  the  loops  of  the  cooling  pipes.  j 


Tho  ground  melt  (400  lbs.)  is  dissolved  under 
rapid  agitation  in  1000  lbs.  of  100  p.c.  sul- 
phuric acid  (fmal  temperature  about  90*); 
There  is  then  addc  l  ^^|\vly,  while  the  mixture 
is  kept  rapidly  agitated  and  well  cooled,  8(K)- 
OOO  1m.  of  fuming  solphuric  acid,  70  p.c.  SO). 
The  tcmperafture  is  not  allowed  to  rise  above 
40'',  and  the  operation  lasts  about  6  hours.  The 
sulphonation  is  complete  when  a  small  sample 
precipitated  in  water  dissolves  to  a  perfectly 
clear  solution  in  bdHng  dilate  ammonia.  The 
mixture  is  then  blown  out  of  the  pot  by  com- 
pressed air  through  tho  hollow  spindle  of  tho 
agitator  and  is  nm  by  means  of  a  lead  pipe  into 
a  wooden  vat  containing  about  3000  gals,  of 
cold  water  in  which  the  dehydrothiotoluidino 
and  primuline-snlphonio  adds  are  thrown  down 
as  a  voluminous  orange-yellow  precipitate. 
This  is  filtered  off  through  a  wooden  fUtcr-prcss 
in  which  it  is  thoroughly  washed  with  water 
until  ail  minecal  acid  is  lemoved  (ms  Fig.  3). 
In  Older  to  effect  the  separation  of  the  dehydro- 
thlot(jluidine  8uli)honie  acid  from  the  primulino 
Bulphonio  acid*  the  sparing  solubility  of  the 
ammonium  salt  of  the  former  is  made  usv  of. 
The  mixed  sidphonic  acids,  in  the  form  of  the 
wet  press  cake,  are  stirred  up  with  cold  concen- 
trated ammonia  in  a  wrought-iron  vessel  pro- 
I  vided  with  an  ngitator.  The  primuline  di-ssolves 
whilst  tho  aniniumum  dehydrothiotoluiiline 
Bulphonate  separates  out  as  a  silky  crystalline 
precipitate.  The  mixture  is  txansfened  to  a 
suotioa  filter  and  the  precipitate  wadied  with  a 
little  water  until  nearly  white.  Upon  adding 
common  eslt  to  the  filtrate,  the  primuline  is 
thrown  down  as  a  dark  yellow  gnuralar  pieoi|^> 
tatc,  which  after  drying  is  ground  with  sum- 
ciout  common  salt  to  bring  it  to  standard 
strength.  A  small  quantity  wliich  remains  in 
tho  fUtrato  is  recovered  by  adding  the  latter  to 
the  acid  procipitatmg  vat.  The  yield  under  the 
best  conditions  amounts  to  630-560  lbs.  of 
ammonium  dehydrothiotoluidino  sulphonate, 
and  1700-1800  Ibe.  of  standard  primuUnc,  from 
1000  lb.s.  of  /).toluidine. 

AppUeatlon  of  Primuline  ('  lograin  process 
PcimnUne  is  ehiefly  employed  in  cotton  dyeing, 

especially  for  dyeing  fast  reds  upon  cotton 
warps.    It  is  also  used  to  a  smaller  extent  for 
dyeing  sUk.    Owing  to  the  want  of  fastness  in 
the  yellow  condition,  it  is  little  used'as  a  direct 
colouring-matter,    but    is    employed  almost 
exclusively  for  the  production  of  various  ingrain- 
odours  by  diazotuation  and  development  on 
the  fibre,  the  most  important  of  fheee  coloun 
Iieing  the  red  obtained  by  combination  with 
/j-naphthol.    The  shades  thus  produced  possess 
a  high  degree  of  fastness  to  soaping,  milling, 
and  acids,  although  not  especially  resistant  to 
light.   The  following  shades  arc  obtained  by 
deVehypmeni  with  tte  respective  phenols  and 
amines  : — 

Phenol  C,H,  OH    ....  Yellow 
Phenjrtmethylpyrazoiuiif 

0,H,N,O{C,H,)(CU,)  .  .  .  Yellow 
Bsioroinol  CaH4(0H),  .  .  .  Oraofle 
2:S-DthydroxyqulnollDe  C,HtN(OH)|  Oranfe 
m-rhenylen«diainlne  C,H4(NIIt).  .  Beddbh 
m-Tolylenedlaniifie  l\lI,(CHt}  (N"i)t  Kf"l<1l«h 
a-.\ttphtholC,oH7  OH  .  .  .  Maroon 
i8-NaphtholC,oH/OH  .  .  .  Bed 
a-N'aphthol-|>-sulphonlo  ackl 

qgU,(OH}(SO,lfaHl:4)     .      •  Crimson 
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Purplo 


^-Naphtbol-di^nilpboiiie  acid  B| 
C,„H5(OH)(80,N»)|(2:8:8) 

Hy<ln)xv-a-naphthyfainine  methyl  ether 
(^(^'^'"('iiii  ^'Hx  .  Beddiih UiM 

2 : 3- Jlyilruxviiaphthuio-aiilUdfl 
C,oH,(OH)CO  XUC.H, 

|i<AiniDo-<li-plienylainiiie 
C,Hg-MH-CaH«-IfH,   .  .  Olhre 

The  reaotioiis  take  place  on  the  fibre  with 
great  ease  anM  ri\pi(]ity  nnd  follow  thc<  general 
eqiiatiuiui  for  tlic  foriuatiun  of  azo-  ilye>*tuti»  : — 

(a)  P»NH,+NO(OH)-P  N,  OH+H,0 
(primuline)  (iliazo  primuUne) 

(5)  P-Nt  OH+UXlUH  or  NH,)^ 
(diMO-prlai.)     (phenol  or  amine) 

P-N.  X(OH  or  NH,)+H,0 
(ingraio  colour) 

I In  these  equations,  P  stands  for  the  ntdioie  of 
'runuline  C,|U|^g(80aU)'.] 


i  B 


The  dyeing  prooees  ie  cwried  out  as  follows : 
The  cotton  is  dyed  from  a  bdUng  bath  con- 
taining; from  2-6  p.<  "f  tlu-  ilyesiiifT  together 
I  with  an  amount  ol  cuiunion  salt  depending  on 
the  Tohraie  of  tiie  bath.  It  is  tiien  well  rinsed 
in  cold  Avatcr  to  remove  loo-^*'  cohmr  and  HteejH'd 
for  one  minute  in  a  coM  hatli  containing;  sodium 
nitrite  (2 J  p.e.  on  th*-  wiijiiit  of  the  cotton)  and 
hydnxliloric  acid  pe.).  The  cotton  is  then 
again  rin»ed  in  water  and  brought  into  a  cold 
bath  contaitung  the  phenol  or  amine  t<i  )h> 
employed  &»  developer,  e.g.  a  sohition  obtained 
by  dissolving  one  part  of  /3-naphthol  and  one 
part  of  caustic  soda  in  4(X)  i)art.H  nf  water. 
Phenols  are  employed  in  aliudine  solution, 
amfaiea  in  slightly  acid  solution. 

In  the  dyiinir  "f  cotton  warps  the  process 
is  rendered  very  .simple  by  employing  a  series 
of  baths  hi  line,  through  which  the  cotton 
passes  oontinnonsly.  The  ficst  bath  contains  a 


!i||M!|||.i,|IMMNi  I 


FiQ.  a 


boiling  solution  of  priinidine,  the  second  cold   primuline  with  a  solution  of  calcium  hypo- 
water  for  rinsing,  the  third  n  cold  solution  of   chlorite  of  alwut  fTw.    The  zeaotion  which 
nitrite  and  acid,  and  the  fourth  again  cold  water,   occurs  is  probably  as  follows  : 
the  fifth  is  the  developing  bath  and  the  last  a  2P-NH,+0,--P-N  :  N-P+2H,0 

final  washing  bath.  The  time  of  passage  of  i  All  the  ingrain  colours  can  be  readily  reduced 
the  cotton  tuough  the  entira  aeries  of  baths  is  ;  to  the  original  yellow  primuline  by  boiling  the 
only  from  3  to  5  minutes  and  the  warp  leaves  dyed  <  otton  for  a  few  minutes  in  'a  solution  of 
fully  dyed.  I  sodium  hvdrosulphite.   The  regenerated  colour 

A  fast  orange -yellow,  possessing  »  hifl^  can  then  be  rediitfotised  and  afpun  developed  as 
degree  of  faVtiies-^  to  litrht.  washing  and  other  desired. 

agents,  is  obtained  by  treating  cotton  dyed  with       In  the  diasotisation  of  primuline,  care  must 
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be  taken  that  the  matwUd  is  not  exposed  io 

strong  light,  as  th<i  diu/.o  compound,  although 
ataUe  is  tho  dark,  is  decompotied  rapidly  by 
sunshiiid  aooording  to  the  eqnatioii : 

PN.OH:=P-0H+N,. 

^>itr<\£ren  is  evolved  and  the  corresponding 
pheaol  is  uroduced.  This  latter  is  of  a  pale 
yellow  Aaoe  and  no  longer  has  the  property  of 

combining  with  phenols  or  amines  to  form  nzo 
colours.  L'puu  tliis  property  has  been  based  a 
prooees  for  prodnoing  caionred  designs  and 
photographic  pnttrms  upon  textile  fabrics, 
which  is!  known  as  tho  'diaxotype  process* 
(A.  G.  Green,  ('.  F.  Cniss  and  K.  .1.  Bevan, 
J,  Soc.  Chem.  Ind.  1890,  9,  1001;  Ber. 
1890,  23,  3131;  Eng.  Pat.  7455,  1890).  In 
this  process,  the  material  {<'ott  ii.  -i!k,  -  r  paper) 
vhich  has  been  dyed  with  primuiioo  and 
diasotiaed,  is  exposed  to  light  under  the  destgn 
or  object  wKi(  h  it  is  desired  to  copy,  until  the 
unshaded  portion  is  no  longer  capable  of  i*om- 
biaiiikC  with  j)henols.  The  material  is  then 
dipped  or  brushed  with  the  developing  solution 
when  the  pattern  apix-ars  in  tlio  ra«»pective  colour 
upon  a  pale  yellow  ground  {v.  Photogravhv). 

Clayton  Yellow  (Hyn.  Thiazol  Yellow,  Tur- 
merine,  MimoBa).  These  dyoRtuffs  are  mixtures 
of  tho  diazoamino  componmls,  D'N,-\H1), 
D-Hg  NHP,  and  P  N,  NH  F  (in  which  D  and 
P  respectirely  represent  the  radicles  of  dehydro- 
thiotoluidine  sulphooio  aoid  and  of  primvUne 
solphonic  acid). 

They  are  prepared  by  the  actton  of  ammonia 
upon  the  ^liazo  comjxiunds  of  the  above  amine- 
sulphonic  acid«  or  by  the  combination  of  equi- 
moleonlar  quantities  oi  th»  amine-sulphonJc 
fe  i'N   nnii   their  diazo-   compounds  (Havton 
Aniline  Cu.,  Kng.  Pat.  14207,  1889;  Bayer"  tiiul 
Eng.  Pat.  18354.  1889).    Tho  mixture  of 
dehydrothiotoluidine  sulphonio  acid  and  priniu- 
lino  sulphonio  ncid,  obtained  by  sulphonntion  of 
the  crude  primnline  melt  as  nl)ove  dex  ril>cd,  is 
suspended  in  water  and  neutralised  with  am* 
monia.  To  the  solution  of  the  mixed  am- 
nioiii'im  stilts  is  then  added  one  lialf  of  the 
quantity'  of  »o<liuiu  nitritt!  necessary  tor  com* 
plete  diazotisation  (&»  determined  Ky  titration  j 
wnth  a  standanl  nitriti- solution).    Dilute  hvdro- 
chloric  acid  is  then  run  lu  ualil  the  mixture  in 
wsid  to  Oongo  paper.    After  stirring  for  half  an 
honr  to  oomplete  the  diazoti.sation,  »orlium 
carbonate  is  slowly  added  <luring  2  or  3  hours 
until  the  mixture  is  just  alkaliiw.    After  stand- 
ing over-night,  a  further  quantity  of  sodium 
*^«arbonate  is  added  and  the  mixture  is  slowly  I 
heat<!d  up  to  70®  bv  admi-i>ion  of  st.  am.  The 
colouring- matter  is  then  salted  out  by  addition 
of  soffifljent  common  salt^  filtered  off,  dried  and 
ground. 

CUy  ton  Yellow  dyes  cotton  <lireetly  fr«>m  a 
tx>iling  bath  in  strontj  bright  >,Teenish. yellow 
sbados,  which  render  it  valuable  for  admixture 
with  other  salt  dyestuffs.  It  i.s,  however,  not 
fast  to  alkalis,  at  id-i  or  li^ht.  The  «lyes(ufT. 
both  in  substance  and  upon  the  fibre,  is  changed 
to  orange-red  by  caustic  alkalis.  Hot  aqueous 
acids  decom]>>sr  it  with  n-<;cncTation  of  the 
respective  <lia/o  i;oin|K>uiid.s. 

I>y  <  rnplo\  ment  of  the  pure  ammonium  salt 
of  dchydrot liirit< ihiidirie  sulphonie  acid  in  tead 
of  the  mixture  with  primuliuc,  a  greener  brand 


of  GUyton  yellov  is  obtained,  whioh  haa  the 
constitation  s— 

CH,*C,H«<^>OC«H,(S0«N»)N2 

CH,'C,H,<|>C-C,H,(SO,Na)NH 

I  NUrophenine  Yellow  ik  a  mixture  of  the  com- 
pounds I>>NH-N,'C«H«>NOa  and 

'  FNH-N,-C,H,NO„ 

obtamod  hy  combining  diazotise<l  ;)-nif raiu'lino 
with  deliydruthiotoluiaino  sulphonic  acid  and 

I  primulinc    (Clayton  Aniline  Go.,  JE^.  fSat. 

.  24870»  imh 

A  Bolution  of  9>*nifTodiBxoheniene  eUoride 
obtaine<l  by  diarjDtising  ISO  lbs.  of  ^j-nitraniline 
by  means  of  100  lbs.  of  sodmm  nitrite  and 
43  gals,  of  hydrochloric  aoid  is  run  slowly  into 
a  cold  solution  in  about  1000  irals.  of  water 

,  containing  the  sodium  salts  of  the  mixeil  sul- 

I  phonic  acids,  obtained  by  sulphonation  of  tho 
crude  primulinc  melt,  in  quantit}'  equivalent 
to  98  lbs.  of  so<liura  nitrite,  and  rendered  alkaline 
by  addition  of  300  lbs.  t>f  tlrv  soilium  carbonate. 
After  Rtirring  for  some  time  tho  mixture  is  left 
over-night.  It  is  then  heated  to  about  80°  by 
intro(iu<'t  ion  of  ateam  and  the  dyestufT  i^ted 
out  with  conimun  salt,  pressed  and  drietl. 

Nitrophenine  dyea  cotton  directly  in  pure 
yellow  ohadefi,  which,  however,  arc  very  deficient 
in  faj^tness  to  light,  alkalis  and  acidf<.  Caustic 
8o<ia  changes  the  shade  to  violet.  It  is  now  but 

little  ujsrd. 

Chloramine  Yellow  (Syn.  Oxj-nhenine,  Di- 
amine Fa^t  Yellow  B,  Columbia  Ydlow).  These 
dyestuffs  are  mixtures  of  the  azo  corapoimds, 
D'NjD,  DNj  P,  and  PN/P,  i»repared  by 
oxidation  with  sodium  hypochlorite  of  an 
alkaline  solution  of  tho  mixed  sodium  sul* 
phonates  obtained  from  the  emde  primnline 
melt  (Fr.  Pat.  209519,  1890;  Eng.  Pat.  19061, 
1891  ;  5761,  1892  :  22914,  1884). 

The  dyestuffs,  Chlorophenine  Y  and  DIaiiiUie 

Fast  Yellow  2F.  are  <>htaine<l  in  similar  manner 
from  the  pure  dehyilrothiotoluidine-pulphonatc, 
and  therefore  have*  the  ooostitntion < 

CH,<',H,<^>C<',H,(SO,NaVN 

CIl3C,H3<g>CC,H,(S0,Ka)-N 

For  their  preparation,  ."lOO  lbs.  of  ammonium 
dehydrothiotoluidine  sulphonate  in  boiled  in 
a  lead-Iiii'  il  \at  \sitli  .lOO  gals,  of  wati  r  (cii- 
taiuiiig  caustic  soda  in  small  excess  until  all 
the  ammonia  has  been  expelletl.  YThen  cold, 
t!i<  olution  is  dilut<-d  to  KKKt  -tIs.  m  d  l^l^o  jrals. 
oi  sodjum  hyp<»ehl<)ritc  h-fdution  (etpiaJs  lU  ji.e. 
active  chlorine)  are  udtUnl.  After  standing 
over  nit ht.  the  mixture  i.s  h<  aii  (l  slowly  by 
a<liJ!i:Mon  of  .steam,  and  is  tiualh  kept  at  7^^°- 
80*  untd  all  chlorine  has  disapix-artd  and  the 
M>lution  no  longer  reacts  with  starch  iodide 
paper.  The  colour  of  tho  mixture  in  at  first  a 
dull  ydiow.  l  ilt  tiiiall\  become-  t  liiudit  yel ■ 
iowish-urangc.  The  culuuring-uiatlir  js  then 
salt<Kl  out.  pressed  and  dried. 

It  dyes  jofton  <lirc(  tly  from  a  fu  utrrd  I  tlli 
in  yellow  sha«li  s  whieli  are  unJifb  (  led  hy  aikahs 
and  aeids  and  are  extremely  la-^t  (o  li^ilit  and 
chlorine,  it  is  not  discharged  by  reducing 
'jgenls. 
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Thioflavine  T  (triniAthylddiydiotliiotdni- 

diuo  ohlorkic) 


CH, 


CHg-C,Hi^|>0'C.H4-K{CH,),. 

Prepared  by  heating  dchyflrothiotoluidino  base 
vith  methyl  &loohoT  aod  hydioohlorio  acid  for 
eevenl  honni  under  WMmiro  ftt  IM^-ITO* 

(A.  G.  Ore*  n  and  T.  A.  Lawaon,  Chcm.  Soc. 
Trans.  I889«  55,  230;  CMaelU  &  Co.,  Eng. 
Fate.  0319,  1888;  14884.  1888;  J.  800.  Ctum. 

Ind.  1890,  64  ;  Dyers  and  Colourista,  1889,  100). 
In  placo  of  pure  dchydrothiotoluidine,  the 
mixtuio  of  this  base  with  priniuline  base  can 
bo  U8e<l,  which  is  obt^iintd  liy  ln^atiriK  p- 
toluidine  (2  mols.)  with  sulphur  (4  atoniis).  Li 
the  latter  case,  dimethyl-primuline  base  is 
fonned  ■ivultMieoasly  luo^  nnuuns  undiasolTed 
wlien  the  melt  is  extf«etod  with  boiling  water,  i 
On  adding  salt,  to  the  hot  solution,  the  dye?.(uff 
8epAi«t«8  as  a  yellow  crystallino  precipitate. 
Thioibvine  T  10  a  hario  ooloiinng-inatter  which 
dyes  tannin  mordanted  entloii  in  puro  grt  •  ni-h- 
yellow  shades.  It  also  dyta*  Bilk  a  pura  yellow 
with  greenish  fluon^ncenco.  It  is  faster  thaa 
Auraniine  to  acids, alkali8,and  high  temperatures, 
and  since,  like  otljcr  memlxTs  of  tho  thiazol 
series,  it  i.s  not  affected  by  reducing  agents,  it  [ 
also  imds  employment  a«  a  '  disehaiife  '  colour  | 
in  ealioo^'printing. 

Thioftavlne  S  in  a  dimethyl  derivative  of 
pririuilme  olitained  by  the  action  of  fuming  sul* 
phune  at  id  upon  the  portion  insoluble  in  water 
of  the  product  of  mcthylation  of  crude  priinulino 
liaso  (CAssella  Jt  Co.,  Kng.  Pats.  U31U, 
14884,  1888:  J.  Soc.  Dyers  Cole.  1889,  106). 

Thioflavine  S  dyes  cotton  directly  in  bright 
greenish -yellow  shades,  not  affected  by  alkalis, 
although  rather  fiensitivo  to  light.  It  is  fast 
to  chlorine  and  is  not  discharged  by  reducing 
agents. 

SiTBSTASiTIVB   AZO  DTSSTUrVS  DEBITID  VROH 

Bjuydbotkiotoluioinb  SuLPBomo  Acid 

IBOK  PAIMULUfB. 

T!ic  ff 'llf  iwinp  foinpoumls  whioh  dye  cotton 
dire«;tiy  are  prepered  from  llie  Uiaxu  (krivativos 
of  dchydrothiotoluidine  .«ul]^honic  acid,  orof  the 
mixture  >if  fhe  latter  with  primiiline,  by  com- 
bination ^sitli  tho  respective  component's. 

DUnil  Yellow,  D— Na-CH<^Q.Q{l'jj  , 

is  obtained  from  th«  diazo  deriTattre  and  noeto- 
acetic  e  t(  I-  I"      I'     17:^2S.  1S97). 

Orlol  Yellow  t^Svn.  Cotton  Yellow  R, 
Alkali  Ye  How),  D-N,-C,H,(OH)00,H  is 
obtained  from  tljo  dinzo  derix'ative  and 
salicylic  ncid  (1).  II.  V.  484»»5,  1888), 

Benzo  Brown  oR(Syn.  Alk  Ui  Brown), 
D— N,"C,H,(MI,)|  is  obtained  from  tho 
diazo  d»*riv«tiv»»  and  w-phcnyKuediamine.  It 
dye--  (  it       I    '  '  h-brouTi. 

Atlas  Red,  D-N3-CeHJ{CH,)(^•H,)|  is 
obtained  from  the  diazo  derivative  and  w.toluy- 
lenedianiint-  {En^'.  Tat.  I»»-I48,  ISOO).  Dves 
cotton  in  terra-cotta  .shades,  and  givo3  browns 
Upon  dia/otisat inn  and  development. 

Cotton  Yellow  G, 

D-N,-C,Ht.SO,Na),(NHJj 
IS  obtained  from  the  diaso  compound  and  rn- 
phenylencdiaminc'dirRutphonio  ai«t  (1 ;  3 : 4 :  6) 


CI 


(Eng.  Pkt.  14678,  1803).  It  dyei  cotton  in 

orange-ycIIow  shades. 
Rosophenine  lOB, 

D-Ns-  (\oHs(OH)SO,Na, 
is  olttained  from  the  diazo  dcrirHfivo  and  o- 
naphthol-p-sidphonic  acid  (N.  and  W.  acid).  It 
dyes  cotton  in  pink  to  xtd.  flhsdee,  fast  to  aoida. 

OUmlne  Rom, 

OH  a 

OH,-C^,<^:  C  C,H.-N^/^  / 

This  dyostiifT  is  obtained  by  combining  the 
diazo  compound  of  dehydrothiotoluidine  (base) 
uith  1 :  8-chloronaphthol^ :  6<disuIphonic  acdd. 
It  dye*  cotton  directly  in  rose-pink  shades. 

SuMTasmn  Azo  Dnsrvns  psbivkd  vsom 

Dehydrothioxylidines. 

By  heating  m<xylidine  (6  parts)  with  sulphur 
(1  part)  to  the  boiling-point  mtil  evolution  of 

hydrogen  sulphide  erases,  a  mixturo  is  obtained 
consisting  of  deh^'drothioxylidinc, 
CH, 

^  CH, 


and  the  isomerio  base. 


CH, 


CH, 


I  Tho  first  forms  small  vellowish-white  prisms  of 
m.p.  107^  tho  secon<i  melts  at  121°.  After 
I  removal  of  tlie  excess  of  m-xylidiue  by  distiUa- 
tion,  the  Iwn  Iwises  arc  separated  by  means  of 
aqueous  hydrochloric  acid  (30  p.c.  Hd)  in 
I  whioh  the  tso-base  is  insolnble  (AnsebiitK  and 
Rehtiltz,  Ber.   18S0.  22,  .'582;    Paul,  Zeitsch. 
angew.  Chem.  1890,  22;  J.  fcJoc.  Chcm.  Ind. 
1897,  730). 
Eriea  B, 

<Vrs(C",),<!*>CC.H3(CH,)NVC,oH4(OHXSO,Hs>, 

I  is  obtained  by  combining  the  diazo  compound 
I  of  dehydrothioxylidine  with  tho  a-naphthol- 
3  :  8-disulphonie  arid  (*-  acid)  (Berlin  Aniline 
,  Co.,  Kn^.  Pat.  1733.  1S8S).    It  dyes  cotton 
directly  m  brilliant  pink  shades  of  good  fastness 
to  washing  and  fairly  icsistont  to  light. 
Salmon  Red, 

is  olitauied  by  combining  tlie  diazo  i'onn»ound 
of  dehydrothioxylidine  with  ^-nanhthylamine- 
3  :  0-disulphonic  acid  (amino-R-aciu).  It  yields 
bright  salmon  shades  on  unmordantcd  cotton. 
Thi  ( i  e  r  a  11  i  n  e  3  also  belong  to  the  aanm  daas. 
Emin  Red, 

r  JT/rH,)i<  J     C  r,H3^CH,W/r,  nH5(0H)S0,Na 

18  ol'tamed  by  combmiiig  the  diazo-  compound 
of  iVoclehydrothiojyIidine  M-ith  /3-naphUMil-6- 
sulphottie  ncid  (Schaeffer  acidi.  It  dyra  wool 
red  fruHi  ait  aeid  bath  but  ha.-^  little  allinity  for 
cotton.  V    I  :    <  J. 

PRINCE  S  METAL  or  PRINCE  RUPERTS 
METAL.   A  brass  coutaiuing  about  25  p.&  of 
i  unc* 
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PRINTER'S  1R<HI  UQUOB.  Ttmnt$  aUUU 

r.  Acetic  actd. 

PRODUCER  OAS  v.  Foil. 
PBOUHE,  pyrrolidiM'2-e»b(njfiio  aoid 

f  >CH<X>«H 

discovered  by  Fischer  among  the  produoto  of 
hydrolysis  of  casein  (Zcitsoh.  physiol.  Chem. 
1901,  33,  161  ;  Ber.  1902,  35,  227),  is  a  common 
oonstitaent  of  the  product  of  proteid  hydEoljrii«, 
ooenning  in  qnsntttiM  Taryine  from  11  p.e. 
in  R.\lmin  (Kossol  and  Dakin,  ZeitHch.  phyniol. 
t:ht'm.  10O4,  41,  407)  to  1  p.c.  and  under  in  Bilk 
fibroin  (Fischer,  ibid.  1903,  39,  165;  Abder- 
halden  and  others,  ihul.  1009,  61,  2m  ■  02. 
129,  131,  142  ;  I'JIU,  tU,  ItRj),  v.  Proteins.  It 
has  also  been  isolated  from  the  etiolated  sectl- 
lin^  of  Viciti  sativa  (Linn.)  and  Lu^nus  albu* 
(Idnn.)  (Schulze  and  Winteratein,  1905, 45, 
3S).  It  WIS  shown  by  Fischer  and  Alwlt  rhiildi-n 
(  ibid.  1903, 39, 81 ;  46, 215),  Fischer  and  Boehner 
{ibid.  1910,  66,  118)  that  proline  is  a  primary 
pro<luct  of  prritf'in  hydr<ily8i8,  and  not,  as 
suj?£?c«tcd  by  Sort-nson  (Chem.  Zentr.  1906,  ii. 
31)8),  a  secondary  product  arising  from  a-amino- 
8-hydroxyvalerio  acid,  since  it  Ik  fornied  when 
the  hydrolysis  is  eflFected  by  pepsin  liyilrochloric 
acid  or  pancreatin  as  well  as  oy  acids,  caustic 
alkali,  or  barium  hyd|pxido  ;  whereas  a-amino- 
S-hydroxyvalerio  aoid  has  not  been  obtained 
by  hydrolysis  of  j)rot<'iris.  and,  moreover,  does 
not  yield  proline  by  treatment  with  barinm 
hydronde. 

Synthesis, — PTTTolidine-2-carboxylic  acid  was 
first  synthesiseii  by  WiHutfltter  (Ber.  1900,  33, 
1160)  from  ethyl  y-brriinopropylmaionate;  this 
yields  with  bromine  ethyl  7-bmmnprr)])\ I'tdiho- 
malonate,  which  on  treatment  with  ainmuuia 
and  subsequent  hydmlyrtis  is  Converted  into 
pyrrolidine-2-carboxyli n  acid 

CH,Brf;H,-CH,-CH(COjEt), 

)C(CONH,),      i  )CH  COjH 

CHj-CH/  t'HjCH/ 
Fischer  (Ror.  1901,  34,  454)  obtaiiied  if  in  a 
giniilar  manner  from  Y-phthaliminopropyJma- 
iimate  ;  tlie  hromo  derivative  of  this  oomponnd 
when  treated  with  ammonia  gave  a  complex 
product  from  which  phthalimide  and  pjTrolidine- 
2-carboxylio  acid  were  obtained  by  hydrolysis 

C,HiCJOJ,N-CHg-CH,CH,  r  B,  ff  o  Et), 

C,HJ0O],NH+  >GH<30tH. 

Sorensen  and  Andtr.^cu  (Zeitsch.  pUy.HiuI. 
Chenu  1908,  66,  236),  starting  with  ethyl 
pbthaliminosodiomalonate,  obtained  a  yield  of 
80  p.c.  of  proline  by  condensing  the  ester  with 
trimethylene  bromide,  hydrolysing  the  ethyl 
7>bromopropylphthaliuiinuroaionate  thus  ob- 
tained with  sodium  hydroxide  and  evaporating 
the  pro<lutt  with  hydroohlorio  add— 

->  C.HJCOJjNqCDgED/HjfHjCH.Br  -> 
00*II  Cgll,-CO  NH-C(C0,Nu ).(  1 1 ,  ( 'H,-CH,OH 

CH,\NI£v 

I  -CHCO.H. 


A  further  synthetic  method  duo  to  Fischer 
and  Zempldn  (Ber.  1909,  42,  1022)  consists  in 
oxidisiiig  liMnoylpipecMine  with  pot^i^um 
permanganate  into  S-benzoylaminovaJeric  acid 
tX)Ph  NH[CH,l4C0,H,  which  with  bromine  and 
rcil  phosphorus  yields  o-bromo-8-bonioylamino- 
valeric  acid,  and  this  when  boiled  with  hydio- 
chloric  acid  yields  prohno  in  quantity. 

The  proline  ol)tained  from  proteins  iy  opti- 
cally active  and  consists  of  a  mixture  of  the 
I»vo  and  raoemio  forms ;  the  aynthetie  product 
i.H,  of  course,  the  racemie  compoun i  nt  by 
a  moditication  of  the  last  method  rf  ^^ynthetio 
preparation,  Fischer  and  Zcmplii!  n'  lrf.  2969) 
obtained  both  d-  and  Z-prolin«^,  f(»r  this  purpose 
m-nitrobenzoylproline  obtained  as  aliove  from 
m-nitrobcnzoylpiperidino  was  resolved  into  its 
optioali^  active  constituents  by  means  of  the 
cinchonme  salt,  and  these  on  hydrolysis  with 
li ydrochloric  add  arc  decompu8<'d  into  wi-nitro- 
benzoio  acid  and  the  optically  active  prolines. 

^ProUll«,  tho  natunl  piodnot*  dTstaUises 
in  flat  needles,  m.p.  206'-209^,  with  de- 
uonijxjsition  (Fiwher,  Zeitsch.  phyaiol.  Chem. 
1901,  33,  151).  220°-222°  (Kossel  and  Dakin. 
ibid.  1004,  41.  407),  readily  sohd>le  in  water 
or  alcohol,  insoluble  in  ether;  it  has  a  sweet 

taste ;  [a]"' — 77'40"  In  aqoeons  solntton.  The 

synthetic    preparation    has   m.p.  215°-220", 


m  V  (iO-5^)  (Fisclier.  Ber.  1909,  42, 


2989).  The  copper  salt  Ci„H„04N,Cu  forms 
lanee  dark-Uoe  solnUe  plates ;  1-pro/yIeMorMle 

c^H^Ncoana 

is  prepared  by  the  action  of  phosphorus  pcnta* 
chloride  on  /  proline  (Fischer  and  Ilcif,  Annalen, 
190S,  3t)3,  1  IS) ;  the  phenyliBocyanatt  yields  the 
OMAwirHie  or  kyiiantoin 

/CH,N-CONPh, 
cn/       i  I 

^CHjCH  CO 

m.p.  144°  (corr.),  soiable  in  110  paita  of  hot 
water  (Fischer,  Zeitaoh.  physiol.  Chem.  1901, 
33,  151);  the  B-naplUkaknetiilfhomc  derim^ 

.,ir  ^„>OH<JO,H,H,0,  m  p.  133'r  (corr.); 

the  anhydrous  substautc  luvlla  at  136",  soluble 
in  130  parts  of  boiling  water;  the  picrale 
C,,Hi,0»N4.  m.p.  153M64%  crystallises  in 
needles  from  alconol,  and  is  less  soluble  than  the 

cor     1  1  ii^:  salt  of  the  nueniic  compound. 

(i-Proline  crystallises  m  jirisms,  m.p.  215'- 

220°,  with  decomposition,  has  lo)j^"  -f  81-9°;  the 

copper  salt  closely  resembles  the  corresponding 

salt  of  /-proline  ;  the  m-nilrofirjizoyl  derivative 

C.jHjjOjN,  has  m.p.  137  -140'^;  [a]^/^  +120" 
(Fischer  and  Zemplen,  Ber.  1909,  42,  2992). 

ctt-Proline  fonns  small  prisms,  m.p.  206°  (with 
decomprisition) ;  and  is  converted  liy  the  action 
of  putrefying  bacteria  into  5-aminova]eri<-  acid 
(Aokermann,  Zeitsch.  Tm^I.  1911,  57.  104). 
The  cnpfur  saU  CioHj,04N,Cu,2HtO,  sky-biuo 
plates  or  prisms,  become  violet  when  anhydrous  • 
sparingly  liil>l«  in  water,  insoluhh"  in  ,1  ohol  ; 
the  u\-iiitrot)t  uzot/l  derivative  liait  ui.]).  90-92'' 
and  is  soluble  in  40  parts  of  hot  wat<*r;  the 
;)/•  •  i!i~  -r>/fin/i(t  tlcrivative  mcjts  at  about  170^ 
witli  tlecouip«jMtioii,  forming  the  hyduntom 
CiiHitO«N„  m.i».  118^  (corr.)  (Fischer*  Ber. 
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1901,  34,  454) ;  the  picraU  C,iH,,0,N«,  forms 
small  yellow  indefioite  oxyataJa,  m.p.  136^-137°, 
roadily   soluble  in  hot  water  (Alflxandroff, 

Zoitei  li.  phy.siol.  riu  m.  1905,  46,  17). 

For  the  preparation  and  properties  of 
polypci^ldeB  oontlunmg  the  pro^  mdide.  v. 
Fischer  aii.J  Al)derh;ilden,  Ber.  1W4,  37,  3071  ; 
Fischer  and  Keif,  Annalen,  liiUS,  363,  118; 
FiBoher  and  Luniak.  Ber.  1909,  42,  4752. 

Estimation.-  Proline  ocours  in  tluit  fraction  j 
of  the  esteriBed  produtt  of  protein  hydrolysis  | 
that  is  soluble  in  alcohol ;  and  as  it  does  not  give  j 
ap  its  nittogen  with  nittoiu  acid  aa  do  the  eateca  i 
of  the  amino  aoida  that  diatil  nTer  with  it,  the  ! 
amount  nf  pmlinc  present  in  the  mixture  i.s 
measured  by  the  difference  between  the  total 
nitrogen  content  of  the  mixture,  and  the  nitro^n  ' 
evolved  on  treating  the  mixture  with  nitronaaoid 
(van  Slyke,  J.  Biol.  Chem.  1911,  9,  205). 

Oxyprollne,  hydrox;ipr(>Un>\   hydroxypyrroli'  | 
dim-2-cuThoxylic  acid  CjH,0,N  was  isolated  by  i 
Fischer  (Ber.  1902,  35.  2660)  from  the  hydrolysis 
product  of  gelatin,  and  is  formed  by  the  hydro- 
nraia  of  other  proteins  (cp.  Levene  and  JBeatty, 
Zeitach.  physioK  Ch«m.  1906,  49,  262 ;  Abder-  , 
halden,  Aid.  1903.  r.  184,  499;  AbdtoHudden  j 
and  Bona,  ibid.  1904,  41,  278). 

The  position  of  the  hydroxjd  grr>up  in  the 
pyrrolidine  rinfr  has  nnt  been  determined. 
lx'Ui:b«  (Ikr.  I'JOJ,  38,  1937)  prepared  syntheti* 
cally  two  stereoisomeric  7-hydroxyprounca  (4- 
hydroeeyfyndid  'tuf  2-c<iH>oxf^i6  acid) 

CHjNH  

CH(OH)CH,^ 

one  of  which  is  probably  the  racemic  form  of 
the  natural  hydroxyproline,  but  attempts  to 
rncemiso  the  natural  product  in  order  to  settle 
this  point  did  not  meet  with  aucceaa;  and 
attempt*  to  reaolfv  thA  artificial  adda  were  alao 
unsuoceaaful  (Leooha  and  Felaer,  Ber.  1908,  41, 
1726). 

t-Oxyprdine  crystallises  in  colourless  rhombic 
plates,  m.p.  270",  with  decomposition,  readily 
soluble  in  water,  leas  so  in  alcohol ;  it  has  a  very 
aweet  taste,  [a]|^-81'04^  It  iaoonverted  into 

cK-proline  by  reduction  with  hydrogen  iodide 
and  phoaphorus.    The  mpprr  srtit 
{CjH,UjN),Cu,4H,0 

forma  deep  blue  needles,  readily  sduUe  in 
center,  insoluble  in  alcohol ;  the  phcitvlisari/mtatc 
^11*^14^4*^1  has  m.p.  175";  the  B-naph!liul'  ru  - 
sul phonic  derivative  CijHwO^NSjHjO  btH'omea 
anhydrous  at  85'',  m.p.  91^-92''  (eorr.),  soluble 
in  25  pnrtH  fif  hot  water.  M.  A.  W. 

PROOF  SPIRIT  ■ ,  Ar.i  ..Moi.. 

PROPAU)£HyD£  C,li,  tHO  is  beat  pie- 
pared  by  the  oxidation  of  ])r«jpyl  alcohol  with 
chromic  acid  mixture  (Marchionneschi.  Cn/./.. 
chim.  ital.  1907,  37,  ii.  201  ;  Liebcn  and  Zeisel, 
Monat«h.  1883,  4,  14;  Przybvtek,  J.  Ruas. 
Phys.  (-'hem.  Soc.  1876,  8,  335  ;  Chanrcl.  Anna- 
len,  1869,  151,  301).  It  can  aW>  b*^  ol>lftinod 
by  heating  propylene  plycol  with  water  at  220' 
(Linnemann,  ibid.  1878",  192.  61),  or  to^jethcr 
with  acetone  by  »isinp  pnipylen(>  dichloriile 
(Linnemann,  ibid.  1872,  161,  04).  By  (ho 
distillation  of  raw  sugar  with  Ume,  propaldeh^  de 
ia  obtained,  together  with  other  products  (G. 
Fiachcr  and  Layeook,  Ber,  1889,  22,  105). 


PropertiM.  Propaldehyde  i.s  a  liquid  havinf^ 
a  penetrating  smell ;  b.p.'  48-8"  (corr.)  (Linne- 
mann, Annalen,  1872.  161,  22;  cf.  Rossi,  t5i<l. 
159,  70)  :  sp.gr.  (i  soaiS  at  16*,  0-Ty»)G4  at  lb° 
(Perkin,  Chem.  Soc.  Trans.  1884^  476;  c/.  BriihU 
Annakn,  1880,  S08,  IS;  Piem  and  Fuchot, 
ibid.  1870,  155.  362 ;  1872.  163,  273) ;  heat  of 
combustion  (const,  press.)  434-35  cals.  (Berthelot 
and  Del6pine,  Compt.  rend.  1900,  130,  1045)  ; 
dielectric  constant  (Drude,  Zeitt^eh.  ]>hv8ikal. 
Chem,  1897,  23,  308) ;  soluble  in  5  vols,  of 
water  at  20*.  By  passing  ammonia  into  a  well- 
cooled  aolution  of  propaldehyde,  profNiUeAy^ 
ammonia  is  produced  (Waage,  Ifonatah.  1883, 
4,  708).  Concentrated  potassium  hydroxiilc 
solution  polymerises  propaldehvde  to  provion- 
aUa  CH,-Caff,-CH(OH)CH{GH,)CHO  (ThaUxwg. 
t'hid.  1808.  10.  154).  Pnnialilehyde  condenses 
with  other  aldehydes  to  form  aJdoU,  eg,  with 
aoetaktehyde  to  jield  the  akiol 

CH,-CH(OH)CH(CH,)CHO 
(Sohmalzbofor.  ibid.  1900,  21.  671;  Kohn. 
ibid.  1901,  22,  21),  but  with  formaldehyde 
the  aldol  is  not  obtained,  the  piodoot  being 
«M-  dimethy  kilpropaldehy  de 

CJHO-CH(CH,)CH,-OH 
(Koch  and  Zemer,  ibid.  443).  By  the  action  of 
aniline  on  a  mixture  of  propaldehyde  and 
aoetaldehyde,  ajS'dimethylquinoline,  o-eth>l-iB- 
iiielhylquinoline,  ujid  tpiinaldinc  an-  forini-d 
(Hohde.  Ber.  1887,  20,  11>11).  It  combines  with 
hydrogen  cyanide  to  form  o-hydroxybutyro. 
nitrile(o-cyanoprtipaldeh\  (le) ( Henry,  Bull.  Aead, 
roy.  Belg.  [iii.]  35,  133).  Propaldehyde,  sodium 
succinate,  and  acetic  snhj'dride  react  at  110°- 
120°,  yielding  ethylparaconio  acid  (Flttig  and 
Deliflle,  Annalen.  1889,  266,  56). 

Detection.  If  propaldehyde  is  warmed  with 
twice  its  volume  of  phenyl  hydiazine,  the 
^rodnet  wadied  with  dilate  aoetie  add  and 
filtered,  then,  on  beating  with  an  equal  qiiai;tity 
of  zioo  chloride  at  180°,  scatole  is  produced 
(E.  Fischer,  Ber.  1889,  22,  104). 

Parapropaldehyde  and  metapropaldehyde. 
These  two  comjxiuiidg,  uhich  each  have  the 
fonnula  C(H,g03,  are  produced  by  passing  a 
few  bubbles  of  hydrogen  chloride  throU(;h  ft 
solution  of  propaldehyde  cooled  in  a  frecziiij» 
mixture.  Alter  standing  for  .'-omo  time  the 
metapropaldehyde,  which  is  a  li^ht  oryataUine 
solid  (m.p.  80°),  is  fflterad  off.  The  filtrat*  is 
distilled  nndt  r  oO  mm.  ])res;^urc,  and  the  Jiara- 

f>ru]jaldohydo  obtained  as  a  colourless  liquid 
ighter  than  water;    b.p.  85°-86°/60  mm.; 
169"*- 170"  (r  orr.).  and  ehang^ing  at  that  tempern- 
ture  ijito  proi>»ldehyde.    At  —20°  it  solidifies 
to  a  mass  of  ootouileBs  needles.    By  heathig 
I  either  of  the.<^e  compounds  with  a  little  hvdro- 
'  chloric   or   sulphuric   aci<l.   propaldehyde  is 
forini-d.   tOL'fthi'r  ^\ith  a   li  'li    tarrv  matter 
.  (Omdorff,  Amer.  Chom.  J.  1890,  12,  352 ;  Om* 
!  dorff  and  Baloom,  ibid.  1894,  16,  647).-  Bsra* 
projMildrbyde  i>  also  fonneil  by  adding  200  grins, 
of  ethyl  chloracctatc  ami  bouio  sdnu  to  lUO  grms. 
of  propald^yde,  and  allowing  the  mixture  to  ■ 
stantl  lor  Home  months  ( IVformatskv.  J.  Ruas. 
l»liy.s.  t  heiti.  .Soc.  1890,  22,  197).    For  aoUou 
*>f  bromine  on  ]Nirapropaldebyde»  tk  F^nke, 
Annalen.  1907,  351,  421. 

In  these  two  polymerides  union  of  the 
three  molcoulea  of  propakkshyde  probably  takM 
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placo  through  tho  oxygen  atoms,  and  meta-  i 
])n  )l>aldehydeaadpaiapropaldehydc  are  probably 
•  xainplea  of  eiS'trmu  iHomenun  (Omoorff  and  | 

£ulcoTTi,  I.r.].  ; 

PROPCESIN;    PROPONAL    v.  Synthetic  i 

OBUOS 

PROPIOUG  COMPOUNDS.  From  pro^Uo 
acid,  HC  =  C-COOH,  may  be  derived  a  eenes  of 

acidaof  the  general  formula  CnH,,,^, -C:  C'COOH, 
aod  the  members  of  thia  series  may  be  regarded 
M  the  tme  homologues  of  propic^o  aoid,  although  < 
tile  bomcrlc  acids,  in  which  tlio  acetylene  linkajre 
b  not  in  the  a-fi  position,  are  ufteu  id«:o  dei>cribud 
as  propiolic  componndB.  The  alkyl  group  may 
be  replaced  1>y  an  aromatic  radicle,  e.g.  in  phenyl 
propiolic  acid  CjHj-CiC-COUH.,  the  nitro- 
denvative  of  which  is  important  as  being  the 
initial  substance  in  Baeyer'a  oiigiQal  synthesis 
of  indigo. 

Alkylpropiolle  acMl  R<;i C<X)OH.  Methods 

of  formation : 

1.  By  the  action  of  carbon  dioxide  on  the 
■odinm  acetylenes — 

R  C  i  CNa  }  CO,  -  R -C  IC  COONa. 
A  oouveiueut  modihcatiun  of  this  synthesis  is 
to  employ  ofalorocarboiuo  eeter  and  saponify  the 
product — 

R-CiC-^'a+UC0OC^,=NaCl+RCiCC00C^, 
(Horen  and  Delange*  Oompt.  vend.  1903,  130^ 
562). 

2.  By  the  action  of  dilute  aqueous  potash 
on  the  ohloro  derivatives  of  the  acrylic  acids— 

R  CCl :  CII  COOTI  -TTn^R  CIC-COOH. 

Beactioiu, — I.  On  reduction  with  sodium 
anali^m  tlie   corresponding   fatty  acid  is 

ohtiiincd. 

2.  On  boiUnz  with  alcoholic  potash  /9- 
ketonio  adds  are  formed — 

RC:C-CO0H+H,O=RC0-CH,<'O0H 
(Moreu  and  Delange,  Compt.  tend.  1902, 130, 733). 

8.  On  heating  irith  aqueous  potash  a  ketone 
is  obtained— 

RCCCOOH+H.O^R-CO-CHa-i-CO,. 
4.  Tho  propiolic  cstt^rs  react  readily  with 
alcohols  and  amines,  forming  addition  oom- 

Sounds,  aud  also  with  hvdraiinc  forming  pyxazole 
erivatives  (Moreu  and  Lazennec,  Compt.  rend. 
1906.  143,        Hiid  Vl'.iU). 

FroploUe  acid,  propargylic  acid, 
H-CiC-COOH, 
was  dieeovered  by  Bandrownki,  who  obtained 
it  by  warming  tho  aqueous  solution  of  the  acid 
potassium  salt  of  acetylene  dicarbosylic  acid. 
It  is  a  colourless  liquid,  slightly  heavier  than 
water,  with  a  stiong  smell  of  acetic  acid,  freely 
solnUle  in  water  and  organic  solvents,  m.p.  0  , 
b.p.  140'*-145°  (decomposition).  Prn[>i<ilic  a<  id 
is  a  (itxoQgcr  acid  than  acetic  acid,  which  is 
attributed  to  the  negative  nature  of  the  acety- 
lene liiiknpr.  Tt.=!  alkali  and  alkalin<'  earth  salta 
are  clut;iu; tended  by  excessive  solubility  in 
wat4?r ;  on  boiling  their  eolutions  there  is 
gradual  decomposition 

2EC :  CCOOK= K,CO,+ CO, +2C',Hg. 
Owing  to  the  bxA  that  there  is  an  acetylene 
hydrogen  atom  present,  propiolic  nci<l,  its  salts 
and  esters  are  capable  uf  forming  cliaractcristic 
metaltic  derivatives*  each  aa 

AgC;COOOC,U,,  CuCiC'COONa,  ftc 


The  copper  compound  on  oxidation  'Aith 
potassium  ferrioyanide  yields  a  propiolic  dcriva- 
un  oontaimng  two  acetylene  linieegeB 

(CiC-COOH), 
and  by  the  elimination  of  a  carboxyl  group  and 
the  subsequent  oxidation  of  the  copper  com- 
pound of  tlio  sul)st<ince  thus  obtained,  F.neyer 
was  able  to  perform  a  s^'nthesis  of  the  acid 
(-CiC-C':C-COOH).^,  containing  fonr  acetylene 
Unkagcs  (Ber.  KSJ>5,  18,  2269).' 

Propiolic  aldehyde  HCiC  CHO  has  been 
obtained  by  Ciaison  (Bcr.  1898,  31,  1022; 
1903,  36,  306-1)  from  the  acetal  of  dibiomo- 
acroletn  by  converting  it  into  propiolic  acetal 
by  the  action  of  potash  and  then  eliminating  the 
ethoxyl  group  by  mean^  of  dilute  snlphuric  acid. 
It  ia  a  cSonrleae  mobile  liquid,  b.p.  60°,  with  an 
even  more  pungent  odour  than  acrolein.  Like 
propiolic  acid,  it  forms  silver  and  cupper  deriva- 
tives. The  aJdehyde  group  is  attaehcd  to  the 
acetylene  nucleus  even  less  firmly  than  the 
carboxyl  in  propiolic  acid,  cold  aqueous  alkalis 
causini;  immediate  decomposition — 

HC ;  C  CHO  i  K OH    C  ,11 , + H  COD  K. 
Similarly  bydioxylajuiuu  and  phenyiiiydruzine 
do  not  condense  normally,  but  yield  cyt^ 
proH'i'  ts.  n'l.uiclv  isoxazole  and  pvrazole. 

Methylproploiic  acid  CH,-C:C-COOH,  m.p. 
76",  b.p.  203".  The  esters  of  this  acid  and  the 
higher  homolognes  find  some  application  in 
the  preparation  of  artificial  perfumee  (Moren, 
D.  T'.,  IT.  ]•^''.r>■^]  ■  ir,s2r»2). 

Phenjl^roploUc  acid  C,H,  C:C  COOH,  has 
been  obtained  by  the  action  of  sodium  and 
carbon  dioxide  on  bromophenvlacctylene, 
CfR^<l ':  CBi  ;  by  the  action  of  carbon  dioxide 
on  Rodium  phenylacctylene  CjHjCiCNa;  by 
the  action  of  alcoholic  potash  on  bromocinnamic 
at  id  or  on  phenyldibromopropionic  acid.  White 
crystals  slightly  soluble  in  water,  m.p.  137° ; 
it  lonna  soluble  salts,  the  sodium  sa^t  having 
strong  diianfe«ting  properties  (Kozai,  Chem. 
Zt  ntr.  IDOf),  i.  ITn*^).  Ki-action'^:  On  heating  it 
loses  carbou  dioxide  and  forms  phenylacctylene; 
chromio  anhydride  oxidises  it  to  benzoic  acid  ; 
on  reduction  with  zinc  dust  and  acetic  acid 
cinnamic  acid  in  formed ;  bromine  tj»  adcied 
readily  with  the  produetion  of  two  isomeric 
dibromo-cinnamic  aeids  ;  acetic  anhydride  causes 
condensation  to  a  phenvlnaphthalcne  derivative 
(Bueher,  J.  Amer.    1  1910,  32,  212). 

o>lfltiophenylpropiolic  acid 

C«1L(N0,)C:CC00H 
{/tee  In  moo,  autificial)  was  first  obtained  by 
BacMT.  Nvh(i  utili.-ed  it.  in  the  synthesis  of  in-Jieu. 
0 n  ui t rat  i iig  c in tium ic  ac  id  the  ortho-  f ! c r i  v a t  i  v t •  is 
obtained  ;  if  this  is  converted  into  ttu'  diljronui 
acid  by  the  addition  of  bromine  and  the  prcxluct 
treated  with  alkali,  o-nitrophenvlpropiolie  acid 
results  (Biicyci.  Bvr.  ISSO,  i;?,  L'-J.-s  ;  I).  R.  Y. 
II 867).  Ou  reduction  in  alkaline  solution,  it 
gives  first  imtc^^enie  acid,  and  then  loses  CBrl>on 
liioxidc  to  fc^rm  inrlii'o  ;  or  bv  heating  it  iimv 
bc5  converted  by  loss  of  ear^K)n  dioxide  iju«» 
o-nitrophenylaeetylene,  the  copper  eoniixjund  of 
which  niiiv  In"  oxiili-cd  )iy  potaiwium  ferricyanitle 
to  tlie  <iiiuetylcijc  diiiviitive,  and  this  on  re- 
duction yiflds  indiuo.  On  treat intr  with  alkali-; 
o-uitropltenylpropioUo  acid  forms  isatin ;  by 
the  action  of  concentrated  initphuric  acia, 
isatogenic  acid  (Baeyer,  1>.  R.  P.  17630); 
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on  treAtment  with  sulphuric  acid  oontaining 
ferrous  Hulpluit;-,  indoin  (Bayer,  D.  R.  PP.  12601 ; 
14997);  by  reduction  with  nminoninra  sul- 
pliidc,  indoxylic  acid  {ibid.  17(joO)  ;  by  the 
mildi  r  rc<lu<  ing  action  of  line  and  ummonium 
hj'droxide,  homo-anthruxnmic  aoid  (HeUer  and 
TUchner,  Bet.  1909,  43,  4555). 

PROPIONIC  ACID  (  ii^CHvCOOn.  Pis- 
covered  by  Gottlieb  (Annalen,  C2,  121)  ia  l»44 
by  oxidisiiig  metacetono,  and  toraied  by  bim 
mrlncctnnic  acid  ;  he  also  obtnined  it  by  heating 
gum,  pugar,  starch,  &c.,  with  concentrate 
potash  suliitiou.  It  is  prodmed  in  tiie  fermenta- 
tion of  i:il(ium  lactate,  tartrate,  and  malate, 
and  ah*o  in  the  fermentation  of  glycerol  (Fitz, 
Ber.  12,  476),  and  is  found  among  the  produota 
oi  the  distillation  of  wood.  It  may  !h>  prepnrcd 
by  heating  the  nitrfle  with  dilute  bulphuric  ucid 
(Becknrts  and  Otto.  Tier.  10,  262),  or  by  treating 
propyl  aicohoKwith  a  mixture  oi  potauittm 
chfomate  and  sulphuric  aeid  (Pierre  and  Pochot, 
Ann.  Chim.  Phys.  [jr.]  28,45).  Colourless  liquid 
snjelliag  Uko  aeetio  acid ;  b.p.  i40*7'',  8p.gr. 

0-  91)37  at  20-3''/20-3°  (Perldn.  Cheni.  SoaTfina. 
1896,  1172).  Solnblp  in  wntr  r.  hnt  on  addition 
of  calcium  ehloritlo  to  the  solution  it  separates 
out  as  an  oil. 

Methyl  propionate  boils  at  Tf>  .'r  (KaVtlbaum, 
Ber.  1879,  344),  and  has  sp.gr.  0  'J3S7  at  074" 
(Young  iuid  Thou  t  ,  rheni.  Soc.  Trans.  1893, 
1219);  ethyl  propionate  boils  at  OS  8°,  and  ha« 
sp.gr.  0*9184  at  0°  (Schumann,  Vogg.  Ann.  [2] 
12,41).  ^ 

PROPOLIS  {Bee-hread,  hivc-droaa ;  Gee, 
Vorwacha,  Stopftvach^).  A  Tednons  snbstaooe 
collected  by  bee s  fmm  thp  yonnp;  shoots  of  trees. 
It  has  a  greyish-brown  culour  and  an  aromatic 
odour ;  m.p.  64°  ;  sp.gr.  1-2  (Oreshofl  and  Saoh, 
Beo.  trav.  chim.  1903,  22, 139).  It  has  l)ern  tiFpd 
in  the  treatment  of  rheumatism  and  gout 
(Brcstow^^ki,  Handwortcrbuch  Pharra.,  II.  397). 

Treatment  with  95  p.c.  alooho)  extracts 
propolis  resin,  leaving  propolis  wax  as  residue. 
Propolis  haUam  is  obtained  from  the  resin  by 
extraction  with  boiling  light  petroleum. 

Commercial  propolis  is  mneh  adnlterated 
with  hprp  wnx,  nnrl  by  fhc  addition  of  motidlic 
and  oth<?r  lieavy  in.'soiublc  iuipuritics,  but  the 
fresbly'OflUoct'Od  substanoe  hfl!s  approximately 
the  composition :  Loss  at  100"  (water  and 
essential  oils  5-6°  p.c.  ;  ash,  2-5  p.c.  ;  insoluble 
rpsiduc,  12-13  p.c.  ;  crude  wax,  26-45  p.c,  ; 
propolia  balsam  3  p.c. ;  propolis  resin,  55-65 
p.c.  (Dieteiieh,  Chem.  Zeit.  1910,  34,  1006). 

Propolii  resin  is  a  brownlah-black  substance 
of  the  compositiou  C,,U,gO^.  It  is  soft  and 
very  aromatic,  and  has  m.p.  66*-67*  and  sp.gr. 

1-  180.  Tt  is  soluble  in  ethor,  (  blDrnfiirni.  or 
hot  alcohnl.  \\y  prolong'xl  heating  at  lOO'*  it 
becomes  much  hnnler. 

Propolis  balsam  i.s  a  .syrupy,  co!(U«ii  vHlnv,- 
fluid,  wfh  a  strong  aniniutic  (xlour  (iSoristlt, 
Pha  nlralhidK  1807.  4H.  929). 

PROPYL.  A  monovalent  latiiolo  3'iclding 
two  tvpos  of  compounds : — 

in)  CUvCFf^-CHX.  i^armtd. 

{b)  (CI£^),('HX.  i^o. 

Propane  CHj-J'H, cif,  occurs  m  crude 

pofrolmm  (Honalds,  Zfitsch.  Clicm.  IHO."). 
r>-2;i  ;  Litrbvpf,  ibid.  lS<i!>,  is.'i).  rri«i>ared  by 
ht  ntinj?  accloiic.  Klvrcrol.  ])rr>pioiutrile,  or  allvl 
ioOido  with  hydriodic  aoidf  (sp.gr.  1-8)  at  280^ 


(Bcrthelot,  BuU.  Soc.  chim.  [u.]  7,  60 ;  9,  13, 
I  1B4) ;  by  the  interaction  of  wopropyl  iodide 
with  zinc  an<l  iiiiut«  sulphuric  acid  (Schorlemmer. 
Ann&len.  150,  209),  or  with  xino  and  absolute 
alcohol  (IVanUand,  Cbem.  Soc.  Tknns.  1886^ 
238) :  by  hcnting  propyl  or  Mopropyl  iodide  with 
aiumuiium  chlorido  at  130'*-14O'  (Kahulein, 
Bor.  1883,  16,  561  ;  L.  Mover,  ihii.  180i»  27, 
2766;  Kluge,  Annaltn,  2S2,'22i»). 
i  Propane  is  a  coloudcs.s  ga^s ;  heat  of  com- 
bustion (const,  vol.)  528-4  Cal.  (Berthelot  and 
Matipnon,  Ann.  Uhim.  Phys.  fvi.J,  30,  560), 
(loiifst.  press.)  553-5  Oal.  (Berthelot,  I.e.) ;  ratio 
of  Hpd  ifit  hKats  1-153  (Daiiii  l,  Eull.  Soc.  chim. 
1899,  [iii.]  21, 801);  aolufaUity  in  varioua  solvents 
(Lefaean,  Oompt.  rend.  1905, 140, 1454) ;  illnnii- 
natinp  -^nwcr  U  times  that  of  ethane  (Frank- 
laud,  Chem.  Soc.  Trans.  1885,  239).  Propane 
condenses  to  a  colourless  liquid  ;  b.p.  —ST* 
(760  mm.);  sp.crr.  on^O  at  0'  0°,  0-524  at 
6-2V6-2°,  0-520  ut  ll  rv  W-'r.  0  515  at  15-9°/ 
16-9°  (Hainlon,  Annalen,  2S2.  2ir>;  L.  M.  v»  r. 
Ber.  1804.  27.  276 ;  1803,  26,  2071) ;  b,p.  -45^ 
(1  atmo.),  0°  (5  atmnii.).  20*"  (8-8  atmos.).  43'" 
(17-7  atmos.)  (Olzew.xld,  Pjhl.  1S94,  27,  3306); 
b,p.  —44-5'*  (767  mm.);  crit.  temp.  97-6% 
crit.  press.  46  atmos.  (Lebeau,  I.e. ;  OlBevski, 
l.C.  ;  Hainlcn.  Ix.)  ;  n  inains  liquid  at  -  195°. 

By  the  action  of  clilorine  iii  the  presiencc  of 
iodine,  the  ultimate  products  are  carbon  tetra- 
chloridf  and  ixTclilonicthano,  formed  by  tho 
action  of  excess  of  chiorino  on  tho  perchloro- 
propano  first  formed  (Kiallt  and  Men,  Ber. 
1875,  8.  1296). 

Bromo  DBMVltlTla. 

Ptopyl  lHt>mlde,  a-hromopropane 
CH.-CHj-CH,Br. 
Prepared  by  the  action  of  hydrobromic  acul  on 

propvl  alcohol  (Linnomnnn,  Annalen.  161,  40). 
B.p.  70-82'  (corr.)  (liruhl,  ihid.  203,  13; 
if/.  Zander,  ibid.  214.  159);   sp.gr.  1-3640  at 
I  15710".  i  ;{0]2  at  65-5765-.-/  (IVrkin,  Hiom. 
,  Soc.  Tranii.  Ih'JU,  1237).    By  heating  aiunc  at 
I  280°,  or  at  a  lower  temperature  with  aluminium 
bromide,  it  is  converted  into  i-wpropyl  bromide 
(Anm-stein.  Ber.  1881,  14,  68;  cf.  (Ju-^tavson, 
•I.  Ituss.  rh\s.  ('hem.  Sor.  1,"),  01  :  Kekule  and 
Schruttcr,  Ber.  187U,  12, 2279) ;  with  aluminium 
bromide  and  bmsene,  oumene  is  formed  (Gnotav- 
.son.  \V  t.  1878.  11.  1251),   Bromine  alone  yb  bl- 
propylene    dibromidc,    whilst    bromine  and 
aluminium  bromide  yield  dilwDinO't  tribroino-y 
and  t<<trii!)rnmojimpanea  (Ifounsiyiat^  Oompt. 
rend.  1696,  127,  273). 

MoPronrl  bromide,  ^  dromopropoiM 

rHj-CHBr-CIT,. 
Prepared  by  the  action  of  h^drobromic  acid  on 
I  t>opropyl  alcohol  at  160*  (Lmnemann,  Annalen. 

11);    !iy  hf-ntincT  propyl  liroiiii(U' 
Willi  uiuininium  bminitle  ;    \>\    the  action  oi 
bromine  on  Mopropyl  iodide  (R.  Meyer,  J.  pr. 
('hem.  [ii.]  34,   105);    by   hiatincr  propylene 

I  dibromidc  with  hydriotlic  acid  at  ioO"  (Liiinc- 

'  mann,  Annalen.  161,  57). 

j      B.p.  69°-59-5M740  mm.);  sp.gr.  1-3097  at 
'20   4'  (Briihl.  ibid.  203.  13;  r/.  Pfibam  and 
Hanfll,   Moral  h.   2.   i'>4t'.  ;    Z md-  r.  Annalen, 
214,  160).    Chlorijie  haa  no  action  in  the  cold; 
benzene  and  alummium  bromide  yield  cnmene 
[  (Gustavson,  Ber.  1879»  H.  1261). 
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PropyUdene  dlbromlde,  aa-dihmmopropane 
CH,  CH,  CHBr|.  Stated  by  Reboul  (Ann.  Chim. 
Phya.  [v.]  14, 4/S7)  to  be  formed  in  small  quantity 
together  with  propylene  dibromido  by  the  action 
of  hvdrobromio  acid  on  a-bromopropylcne ; 
Kp.  130°  (circa). 

Propylene    dibromide,  a$dibromopropane 
CHaCHBrCHjBr.    Prcparo<l    by   the  action 
of  bromine  on  propvl<-nf  (Kf  \-nolds,  /Vnnalen, 
77,  120 :  CahouzB,  J/ 1860, 496 ;  Wiiriz,  Anna- 
len,  104.  244  ;  Gladatone  snd  IVibe,  Chen.  Soo. 
Trana.  1 S74.  408) ;  by  heating  propyl  bromide 
(Ldnnemaon,  Annalen,  liSl,  41  ;  V.  Mcver  and 
MftOer,  Ber.  1891,  24,  4250).  Mopropyl  bromide  | 
(Linnrmann,  Annalm,  l^H.  51).  propyl  or  iso- 
propyl   chloride   ( Hfrzkkler,   Ber.    1893,  26, 
1260)  with  bromine  in  the  presence  of  iron  wire  , 
at  100** ;  together  with  trimethylone  dibromide 
by  heating  propyl  bromide  and  bromine  at ! 
46°— 50°  in  the  prtxnco  of  alnniiniutn  bromide 
(G«EonKmt»  Annalon,  158»  370 ;   ^imeyiat,  | 
Gompi.  rend.  127,  274).  ! 

B  p.  Ul-e"  ((nrr.).  sp.pr.  1-93.326  at  20'  4^ 
(Kahlbaum,  Zeitach.  phyaikal.  Chem.  20,  ii2«>, 
646 ;  ef.  Zander,  Annahn.  214,  176).   At  240°- 
250"  it  is  ])arlly  cnnvortfd  into  trimolhylene 
dibnimidc  (2-3  p.c.)  (l  aworHky  and  Sokownin, 
tfeiV/.  354,  325) ;  bromine  and  iiluminium  bromide 
yield  aa/3-tribromo-  and  aa^Y-tetiabromopropane 
(MounejTat,  Bull.  Soo.  ohim.  [iii.]  19.  806); 
alcoholic  potash    ^'ivcs  two   iscinuTic  liromo- 
propykoes,  and  with  exoeas  of  potash  aliylone. 
2Bno  and  aeetio  aoid  or  tocmini  amalnm ) 
and  alcohol  yield  propylene  (Linncmann,  Ber. 
1877,  10,  1111);  hydriotlic  acid  pivcs  wopropyl  , 
bromide  (q.v.).    By  heating  projiylono  dihnimido  | 
u  ith  \vn1*T,  hydrobromic  aci<l.  propylene  glycol, 
and  a  trace  ol  acetone  are  funned  (Nie<l<Ti.st, 
,  Anaakiit  196^  368);    with   water  and  lead 
oxide,  acetone,  propionaldchyde  and  propylene 
glycol  are  the  products  {Htekow,  J.  Rum. 
VkjB.  Chem.  Soc.   10,  212)  ;    with  wafer  and 
silver  oxide  ptopaldehyde  is  formed,  but  not , 
propylene  glyoof  (Beiutein  and  Wiegand,  Ber.  { 
1882.  16,  1497). 

Itlmethylene  dibromide,  a-)-(iihromopro}>ane 
CH,Br-CHj'CH,Br.  Prepartd  l.y  saturating 
allvl  l)n)mido  with  hvdnitjen  bromide  at  30^-35" 
(B'ruylantfl.  Bull.  Acad.  n.y.  Rip.  1908,  1085; 
r/.  Erlennicv*  r,  Annalen,  197,  ISO;  JxTinontoff, 
ibid.  182.  358;  Both,  Ber.  1881.  14,  1361),  or 
by  heating  it  with  hydrotnomio  acid  at  160** 
(Bogomolcta,  Bull.  Soo.  chim.  [ii.]  30,  23  ;  cf. 
Geromont,  Amialen,  168,  370) ;  by  heating 
trimethylene  glyool  with  fuming  hydrobromio 
aold  at  100°  (Frcund.  Monatsh.  2,  639).  To 
porify  the  trimcthylene  dibromide  from  the 
propylene  dibromide,  which  i8  alM)  formed  in 
nmall  amount.  Gu.ntavson  (J.  pr.  Chem.  [ii.] 
69,  303)  fractionally  treat*  the  product  with 
mine  in  alcohoUc  solution,  the  propylene  diliro. 
mide  being  muoh  more  readily  attacked  than  the 
trimetiurleoe  dibionide. 

B.p.  162-25'';  ^y.'zr.  2-017  at  0'  0°.  10S7 
at  17»6*/0°  (Gustavsou,  l.c.) ;  vapour  pre»t«urca 
(Kablbann,  Zeitaoh.  phyrikal.  Chom.  26,  626). 
At  210''  200''  it  is  rnn verte<l  maiidy  into 
propylene  tlibromide,  traces  of  i)roj>\l  unil 
Mopropyl  bromides,  and  of  tribromoi>ropane8 
abo  being  forme<l  (Fawoisky  and  tjokoi^Tiin, 
Annalen,  354,  326).  It  yiokls  trimethyleno 
by  the  aetion   of   sino  dust   and  acetic 


acid  (Zclinsky  and  Sohlesinp:er,  B<r.  1908, 
41,  2429),  or  of  zino  and  alcohol  (yon  Wolkow 
and  Menschutldn,  J.  Russ.  Phys.  Chem.  8oe. 
30,  559  ;  Ber.  1898,  31.  3070  ;  Berthelot,  Compt. 
rend.  129,  483;  Gustavson,  J.  pr.  Chem.  [ii.] 
36,  300).  By  heating  with  12  parte  of  water 
at  170°  propaldehydc,  acetone,  and  tri- 
methyleno glycol  are  produced  ;  with  less  water 
part  of  the  propakfehydo  is  converted  into 
metbylethylaoralcletayde,  whibt  with  only  6 
parti  of  water  phoione  and  merityl  oxide  are 
the  products  (Rix,  Monatah.  1904,  25,  267  ; 
c/.  l^icderist,  ibid.  3,  838).  By  heating  with 
rilver  oxide  and  water  trimcthylene  glyool  is 
formed  (Bcil.«tein  and  Wiegand,' Ber.  1882.  16, 
1497) ;  sodium  at  220"  yields  trimcthylene. 
Alooholio  potash  gives  ally!  bromide  and  ethyl 
allyl  other,  whilst  alcoholic  ammonia  in  tho 
cold  >ields  trimethyleno  diamine.  Aluminium 
bromide  converts  it  into  propylene  dibvomido 
(OuBtoTBon.  «Lpr.  Chem.  [iLl  3^  303). 

AMtoM  dflframMe,  0$-mbromopropane,  du 
hromoacctol  CHj-CBrofH,.  Prepared  by  tho 
action  of  phosphorus  tribroraido  (Linnemann, 
Annalen,  138,  126)  or  of  phosphorus  bromo- 
chloride  (Frie<lel  an<l  I.adenmirtr,  Zeitsch. 
("hem.  1868,  48)  on  acetone  ;  by  treating  ^- 
bromopropyleno  with  hydrobromic  acid  (Relioul. 
Ann.  Chim.  Phys.  [v.i  14,  466);  or  similarly 
from  allylene  (Reboul,  i.e.). 

B.p.  114M14-5°  (740  mm.);  spcr.  1-8149 
at  0y0»,  1-7825  at  2O72O'.  Heated  at  240°-260' 
it  yields  propykne  dibromide  and  traoea  of 
trimcthylene  dibromide  (Faworsky  and  Sokow- 
nin, Annalen,  364,  326).  Aicohuhc  potash  or 
potaaainm  acetate  gives  hsrdrogen  bromide  and 
3-bromopropylene  ;  water  at  ]C>()''  yields 
acetone ;  with  zinc  and  acetic  aeici  })roj)ane 
is  the  product  (Lituiemann,  Annalen,  161,  67). 

Higher  brominated  derivatives,  v.  Lcspieau, 
Bull.  Soc.  chim.  [iii.]  7,  260 ;  Ann.  Chim,  Phm 
[vii.]  11.  2r)3  ;  Mounevrat.  Compt.  rend.  127. 
274 ;  BulL  Hoc.  chim.  liii.]  19, 806, 809;  GusUv- 
son,  J.  pr.  CSiem.  46,  169;  Reboul,  Ann. 
Chim.  Phv.".  [v.]  14.  476.  482;  Rrthelot  and 
Luca  Annalen,  lOl,  70 ;  Wurtz,  ibid.  104,  207  ; 
Tollens,  ibid.  156,  108;  Kronstein,  Ber.  1891, 
24,  4245;  Opprnheim,  Annalen,  132,  124; 
Pinner,  ibid.  17'.»,  GO. 

Chlouo  DEniVATiyBS. 

FlOpyl  chloride,  a-chlnropropanc 
CH,CUa-CH,Cl. 
i  On  chlorinating  propane  the  chief  product  is 

propyl    ehloriile,    f^mall    quantities   <»f  hiuher 
ehlorinat<'tl    conijxjunds    also     U-nig  formed 
(S^  horlemmer.  Aimalen,  160,  209;   152,  169). 
Prepared  by  tho  action  of  iodine  monochloride 
or  of  mercuric  chloride  on  propyl  iodide  (Linne* 
m.'inn.  ihid.   IGI.  37)  ;    by  tlie  intt  raction  of 
propyl  alcohol  and  hydrochloric  acid  or  i^oe> 
I  phoruB  pentachloride  (Pierre  and  Poohot,  ibid. 
188,  266);  by  pis-int;  nitmsyl  chloride  into  a 
toluene  solution  of  jiro|)ylainino  at  —15^  to 
1  —20°  (Solonina,  J.  Ku.s.s,  Phys.  Cliom.  Soc. 
30,  431);    by  the  aetion  of  hydriodic  acid  on 
epiilil'<rii\'lnti  (Silva.  (  onipt.  n^nd.  !.»;{.  73'.l). 

li.p.  U  (~,\\  mm.)  (Bruld,  Aniial.n.  200. 
179) ;  40-4  .  sp.gr.  0-9I66  at  0",  0  8918  at  19-b'', 
0'8916  at  39°  (nrrro  and  Fuehot,  l.c. ;  rj.  Linne- 
mann, l.e. ;  Zander,  Annalen,  214,  166 ;  Schiff, 
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ibid.  220,  98).  By  hr  fifing  with  iodine  mono- 
chloride,  carlHin  lelrnchlori«lo  and  percJilorethane 
an5  prodiu'«'<l  (Krafft  and  Merz.  Ber.  187/),  8, 
1296);  with  ahiminiiim  cliloride,  bromide  or 
iodiilc  i)r.)j)yleno  and  hydrochloric  acid  are  the 

Sroducts  (Kcrez,  Annalen,  231.  306  ;  Mount  yrat, 
•ulL  Soc  ohim.  [iii.]  21,  616) ;  with  antimony 

Cntadiloride,  propylene  dioUoride  (Meyer  and  i 
i]flar»  J.  pr.  (  hr  tii.  [Li.]  40.  1(>I)  ;  with  i)r()mine 
Uid  iron  wire,  propylene  dibromiile  (Herzfelder, , 
Ber.  1909,  S6,  1260) ;  with  ethvUmine,  ethyl  | 
))ropv!.imine  and  ethvl  dipiopyUUIline  (AieUA,  | 
Chcui.  Zcntr.  liK)7.  ii.  1396). 

MoPrapyl  ehiorlde,  $-chlonpnpan€ 

(•II,CHC1-CH3.  I 
Prepared  b^'  the  interaction  of  wopropyl  iodide  1 
Mia  mercuric  chloride,  or  oS  propylene  dichloride 
and  hydriodic  acid  (Linnemann,  Annalen.  130, 
41)  ;  by  passinp  nitrosyi  chloride  into  a  toluene 
solution  of  Mopnjpvlamino  at  —  lo-'  to  —20^ 
(Solonina,  J.  Russ.  Phvs.  Oiem.  Soc.  30.  431). 

B.p.  3t5-5° ;  sp.pr.  0-8588  at  20°  (Zander, 
Annalen.  214.  157).  ( 'lUoruR' in  the  .sunlight  yield.** 
aoetoue  dichloride  and  a  trace  of  propylene 
dichloride,  whibt  iodine  nionochtoride  (Fnedel 
and  Silva,  Zeitsoh.  (Iicm.  1S71.  4S1))  or  antimony 
pentachloride  (Mever  and  MiiUer.  J.  pr.  Chem. 
[ii.]  40,  161  ;  Silva,  Compt.  rend.  93.  739)  give 
propylene  dichloride.  Heatetl  with  hydriodic 
acici,  Mopropyl  iotlide  ia  produced  ;  m  ith  bromine 
and  iron  w  ire.  ])ropyIene  dibromide  (Herzfelder, 
lier.  1893,  20,  1260);  with  ammonia,  mono-, 
and  dii«opropvlamines  (Malbot,  Bull.  Soc.  chim. 
[iii.l  4.  r^tO.  032). 

Propylldene  dichloride,  aa-diddoropropanc 
CHs-CHj  CHCl,.  Prepartjd  by  the  aetion  of 
pho<])horii^-  p<  ii1aohloride  on  propaldehvde  j 
(Kehuiil,  Ann.  Chim.  Phys.  [v.]  14,  458);  b.p.  ' 
85°  K7° ;  8p.gr.  M43 at  10".  Alcoholic  potasciiu m 
hyrlroxi<h'  converts  it  into  7-chloroprnp}  Icne, 
wliilst  antimony  iientachloride  yieldH  aafi- 
t  ri(  hioropropMie  (Uensfeider,  Bw.  1893,  26, 
2434). 

ftopyleiM    dtehloride,    afi-dichloro  u  i>t  m 

CHa-CHCl  CH.Cl.  Tr.  i«ire<l  by  the  action  of 
chlorine  on  propylene  (Ohoura,  Annalen,  76, 
283;  Reynolds,  ibid.  77,  124):  by  heating 
propyl  "f  fwpropyl  ehlorifle  ^^ith  antimony 
pentachloritlc  (Meyer  and  Midler.  .1.  jir.  ("lu  m. 
[ii.]  4(),  176) ;  by  the  action  of  chlorine  on  propyl 
chloride  in  the  presence  of  aluminium  chloride 
(Mouneyrat.  Bull.  Soc.  chim.  [ii.]  21,  618);  by 
heating  allyl  chlori<le  and  hydrochloric  acid 
(Keboui,  J.  1873, 321).  or  t«opropyl  chloride  and 
chlorine  (Friedel  and  Siva,  Boll.  Soo.  chim.  [ii.] 
iti.  3).  in  the  latter  oaee  acetone  dichloride  alao  t 
being  formed.  I 

B.p.  97-5*-98'5»  (760-3  mm.)  (Schiff,  Ber. 
IHSO.  1<».  rm);  sjKpr.  MOSOat  14    14'  fl.inii.- 
mann.  AMiialcii,  KU.  02).    Sodium  amaJgant  ur 
zinc  and  aci  iic  ju  id  are  without  action  on 
propylene  dichU»ride.    Antimony  pentachloride 
yields  aa/3-trichlonipropane,  whilst  chlorine  in  ! 
llie  i)reaence  of  nliiininium  chloride  gives  aa3- 
anii  a/3i3-trichloroprui>ancri.    Ten  parts  of  h\  dri-  } 
odic  acid  at  160* yield  Mopropyl  chloride ;  t  u'enty  ' 
parts  of  water  at  2Ht    22(»  ."  ad  tone  and  pnl- 
paldehyde;    lea<l    oxide  and  water  at    l.'iO  , 
propylene  glycoLn ;  al<  uholic  pitash,  7-cliloro- 
))r«>pylene    together  with  a  little  /B-chkno- 
pn»pylene.  | 

Trimethylene  dleblorlde,  ay-dicJUoropropane 


CH,C1CH,-CH/1.  Preiwred  by  chlorinating 
trimethylene  ((Justavji(.>n,  J.  pr.  Clicm.  [ii.]  50* 
880) ;  by  heating  trimethylene  dibromide  with 
mercuric  chloridt^  (Ileboul,  Ann.  Cliim.  Phys. 
[v.]  14,  4<)<>).  trimethvlene  diiodide  with  water 
iiid  silver  chloride  (Herzfelder,  Ber.  1893.  26, 
2434),  or  tzimethylene  glycol  with  fuming 
hydroohlorie  acid  (nennd/MonatBh.  2,  638). 

B.p.  12.5";  sp.gr.  M 896  at  17-6° '4".  Ah  c.- 
holic  potassium  hydroxide  converts  it  into  allyl 
chloride,  whikt  antimony  pentachloride  at  195* 
yields  oo7-tri('hloroi>ro]iane. 

Aeetone  dichloride,  ^^-dichloropropane,  di- 
cUoroautol  ('H,CCIt'GH,.  Prepared  by  the 
interaction  of  acetone  and  ])hosphorus  penta- 
chloride (Frietlel,  Annalen,  112,  236)  ;  of  allylene 
and  fuming  hvdn>chloric  acid  (Reboul,  Zeitsoh. 
C'hcm.  1871.  704;  J.  1873,  321);  together  with 
propylene  dichloride  by  the  action  of  chlorine 
on  Liopropvl  chloride  (lTie<lf'l  nnd  Silva.  Zeitsoh. 
Chem.  1871,  489;  cf.  Priedel  and  liadcnburg, 
Annalen,  142,  315). 

B.p.  09-7^  (cofT.);  pp.gr.  1-S27  at  10'  ' 
(Linnemann,  ihui.  101,  67).  With  a  deficit  of 
alcoholic  potassium  hydroxide^  l^rochloric  acid 
and  ^chloropropylene  are  produ<^,  whilst 
with  an  exceRH.  allylene  in  formed.  Sodium  at 
130'^-150'  yields  projn  I< nr  i  l'riedel  and  I.Adcno 
burg,  Zeitech.  Chem.  1868,  48).  Bv  the  action 
of  8  Tob.  of  water  at  iaOM80''  or  of  hydioehlorie 
m  id  at  130%  acetone  is  })rofluced.  Antimony 
jH-nlachloride  yield.-*  ajS^-triehloropropane  (Hent- 
fehler,  B<t.  1893,  26,  1259). 

Hirjhtr  rhloriiinl'd  (Irritntif^K :  v.  Friedr  1, 
Bull.  Soc.  cliini.  [ii.j  34.  129  ;  J'rietk  l  and  SUva, 
Zeitsch.  CJhem.  1871.  SS.**,  082 ;  Komburgh, 
BulL  Soc.  chim.  [ii.]  37,  103;  Oppeoheim, 
Annalen,  133.  383;  Berthelot,  ibid,  186.  106; 
Spring  iiid  I/(  <  n  iner.  Bull.  Soc.  chim.  [ii.]  48, 
625 ;  Borsche  and  Pittig.  Annalen,  133,  114 ; 
FIttig  and  PfeifiBr.  ibid.  fSS,  880 ;  Hartenatein, 
.T.  pr.  {'hem.  [ii.]  7,  313  ;  Cahoun-.  Annalen,  76^ 
283;  Krafft  ami  Merz,  Ber.  187.'>.  8.  1296; 
HerzfeUler.  ibid.  1893,  26.  1258.  2435  ;  Mouney- 
rat. Bull.  Soc.  chim.  [iii.]  21,  019;  Gustavson, 
J.  pr.  Chem.  [ii.]  50,  381  ;  Szeuio  and  TaggeiM.>il, 
Ber.  1806. 88, 8667 ;  Fritaoh.  Annalen.  m.  314. 

lODO  DmvATivxs. 

Propyl  lodlda,  o-Mxioipfopane  CHjCH,  CHJ. 

Preparcfl  by  the  Hcti<in  of  iodine  and  rtnl 
lihosjihorus  on  propyl  alcohol  (Chancel,  Bull. 
Soc,  chim.  [ii.]  31».  «)4S  ;  r/.  Linnemann,  Annalen. 
100,  240) ;  b.p.  102-5"  ;  »n.gr.  1-7829  at  20''/4'* 
(Briihl,  ibid.  203,  15 ;  Dobriner,  ibid.  243,  25 ; 
f/.  Brown,  Proc.  Roy.  S<if.  'J''.  2:?s  ;  Zander. 
Annalun,  214,  161).  With  aluiujuium  iodide  it 
>ielda  propane,  whilst  with  ainminiwm  dikxridc 
or  bromicle  propylene  is  the  pndoot  (Ketea, 
Annakn.  231.  30ti). 

t«o-Propyl  iodide,  3- todoprapane  CH,*CHI-CH|. 
Prei>are<l  by  the  action  of  hydriotlie  acid  on 
pn)pylene  glycol  (Wiirtz,  Annalen,  Suppl.  1. 
381).  glveeroi  ( Krlenni«  \  i  r,  .Annalen.  I2«5,  305; 
139,  211  ;  Markownikow,  ibid.  138.  3tU).  allyl 
iodide  (Simpson.  9nd.  129,  127),  or  ofl-propyleno 
('li!iinii(  idid*'  (Silva.  Compt.  rend.  93.  739; 
Sorokin,  Z<'itseli.  Chem.  1870,  519);  by  the 
interaction  of  pn>pylcne  and  hydrogen  iodide 
(Birt helot.  Annalen,  10^  184;  Erlenmeyer, 
ibid.  139,  228). 

B.p.  88-6**  (oorr.) ;  ep.gr.  1*7109  at  IS<*/15* 
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(liniu'inftiiii.  I.e. ;  Bruhl.  I.e. ;  Brown,  Lc. ; 
Zander,  I.e.).  By  heating  in  a  scaled  tui)e  with 
water  hydriodic  aei<l  ana  Mopropyl  alcohol  are 
the  productH  ;  with  ainnionifi.  tn<»iioiAoprnji\  1- 
Ainine  ;  mad  with  iiiethylamiuo,  propylotio  and 
trietfaylammonittm  iodide  (Rebovl,  Oompt.  rend. 
93,  V>9  ;  H.  and  A.  Malbot,  Bull.  S<.c.  chim.  [iii.] 
4,  'MO,  632,  634).  By  interaction  uith  magne- 
siam.  magneAiam  Mopropvl  iodide,  propane,  and 
propylene  are  formed  (Tsehelinie;^  J.  KuflS. 
Phya.  C'hcm.  8oc.  VMi,  30,  549). 

PnpflMW  diiodlde,  a$  duodoprapam 
("H3CHICHJ. 
By  the  interaction  of  propylene  and  iodine 
(Betthelot  and  Luca,  J.  1S54,  453),  or  of  allyl 
iodide  and  hydriodic  acid  (Malbot,  Ann.  Cliim. 
Fhy8.  [vi.]  19,  354) ;  deoompoees  on  distillation 
into  hv<lrogen  iodide  and  propylene.  Sp.gr. 
2-490  a't  IS-SVIS-S" ;  alcoholic  potaasium  hy- 
droxide eon  verts  it  into  propylene  and  iodine, 
whilst  h;,  iirni<iii  Jicil]  \ii'Ui8  laopropyl  iodide, 

TlimeUiylenc  diiodlde,  ay-dt'iodopr&pane 

Plvpared  by  the  interaction  of  trimethylene 
j2;lycol  and  fnminp  hydriodic  acid  at  100°  (Frcund, 
Monal&h.  2,  (AO),  or  of  trimethylene  dibromide 
and  potaasium  iodide  in  alcoholic  t^olution 
(FerkiQ.  Chcm.  Soc.  Trans.  1887,  13;  Ucnry, 
Ber.  1986,  18.  510);  b.p.  227"  (deconp.), 
168°-1707170  mm. ;  sp.gr.  2-50617  at  4°/4°, 
2-67612  at  15715%  2  56144  at  25726°.  With 
mercuric  nitrite  it  yields  07-dinitropropane 
(Kepplerand  Meyer,  I'bh!.  lSf»2.  2;-.  1709). 

Acetone  diiodlde,  ^^-dtitxiopropum,  diiodo- 
aodcl  CH,-CIj-CH,.  Prepared  bv  the  action  of 
concentrated  Kydriodic  acid  on  allylene  (Oppen- 
heim,  Zcitsch.  Chem.  1865,  719 ;  Semenow, 
ibid.  725);  b.p.  147  -148°  (decomp.)  ;  i^j.-gr. 
2-16°  »t  0«  (Oppeoiieim),  2-4458<>  at  0"  (Scmono  w), 
Volatilfli  in  steftin;  vitii  alooholio  potesvium 
lis,  xiflo  it  x-irltls  hydriodio  Acirl  and  /5-iodo. 
propylene,  whilst  silver  ozlde  yields  acetone 
(Soioldii,  ibid,  1871,  284). 

HYBBOXY  ]>£BIVATIVBS. 

Propf  1  atoOlMit,  tt^^inaypropan» 

oocura  in  fiuel  oil  from  grain,  potatoes,  and 
beetroot  {v.  JhnuBL  On.),  flonned  in  enwU 

quantities  liv  tlio  fermentation  of  glycerol  by 
BactUm  bulylicus  (Fitz,  Ber.  1880.  13,  1311  ; 
Hbrin,  BuU.  Soc.  chim.  1887,  (.ii.]  48,  803). 
Prrpartxl  by  heating  allyl  alcohol  with  pjtasMiuni 
hydroxide  (ToUens,  Zcit^ch.  Chem.  IbTU,  457  ; 
1871,  249) ;  by  r^acing  propaldchydo  (Rossi, 
Annalen,  159, 80),  or  propionic  anhydride  (Linne- 
mann,  ibid.  148.  251  ;  160,  231 ;  161,  18)  with 
aotlinin  iiinul^raiii,  c^r  all\  1  ideohol  witii  fduoiinium 
in  25  p.c.  potassium  hydroxide  solution  (Speran- 
sid,  J.  RaaB.  Phys.  Cbem.  Soc  1899,  31,  4^) ; 
by  the  interaction  of  trioxymcthylone  and  zinc 
ethvl  and  adding  water  to  the  product  (Tischt- 
eclM-nko.  ibid.  1887,  19,  483). 

Colourless  liquid  ;  b.p.  OT  IH''  (corr.)  (Younp 
and  Forte V,  Chem.  Soc,  Traiifc.  i'.>U2,  73uj, 
16-2710-22mm.,22-3'/16-78mm.,31-4'^/30-2mm., 
35-6739-ii  mm.,  43-2%/62-18  mm.  (Kahlbaum, 
Ber.  1883.  16,  2480 ;  cf.  RiohAidflon,  Chem.  800. 
Tnoe.  lS8t3,  71)3;  Konowalow,  Pogg.  Ana. 
[iLI  14,  41) ;  flp.gr.  0-81923  at  074nyotmg 
•ad  Fortey,  i.e.)»  O-80804  U  15*  (Doroaotwwfiitj 


and  RnseluTcstvcnskv,  J.  Ruks.  Phvs.  Chem. 
Soc.  1909,  41,  1428 ;'  cf.  Zander.  ^\nnalen,  224, 
79;  Briihl,  ibid.  203,  268;  R.  Schiff,  ibid. 
220,  101);  for  table  of  sp.gr.  of  aqueous  solu- 
tions, V.  Boroecbeweky  and  RoscbdoBtveDsky, 
l.c ;  heat  of  eombnstion  (Zbubow,  J.  Bon. 
Phys.  Chem.  Soc.  1898.  30,  026)  ;  dielectric 
constant  (Philip,  Zeitsch.  physilial.  C^enu 
1897.  24.  18;  Abcgg  and  Seitz,  ibid.  23,  309; 
Jahn,  ibid.  1892.  10,  ,31G  ;  f:ykmann.  Rec.  trar. 
chim.  1893.  12,  277);  electric  conductivity 
(DoRWOhewsky  and  Roedidestvensky,  /.c); 
absorption  spectrum  (Spring.  Rec.  trav.  chim. 
1897.  16,  1).  Misciblo  with  water  in  all  pro- 
portions ;  on  shaking  repeatedly  with  caUi\nn 
chloride  and  distilling  the  product,  a  crystalline 
oompoimd  CaCl2,C,H70H  naMiiu  (Gottig,  Ber. 
1890.  23,  181).  Form.s  propoxides  by  replace- 
ment of  the  hydroxy  lie  hydrogen  by  a  metallic 
radicle.  Oxidation  with  nitric  acid  yields 
carl)on  dioxide,  oxalie  acid,  and  propyl  acetate 
(Klimenko,  Ber.  1868.  1.  1004),  w  hilst  BacUrium 
ActU  (Brown),  B.  Pasteurianum,  and  B.  KUtzing' 
ianttm  yield  propionio  acid  (Brown,  Chem.  800. 
Trans.  1886,  177;  Seifert,  Contr.  Bakt.  Pte. 
1897.  3,  337.  38n).  For  product*  of  oxidation 
obtained  by  passing  vH]><>ur  of  propyl aloohoi and 
air  o^er  a  heated  oop]K  r  !,})iral,  v.  Cmoff,  J.  Riiae. 
Phys.  Chem.  Soc.  190S,  40,  203.  By  distillation 
with  zinc,  propylene  and  water  are  produced 
(Jahn,  Ber.  1880,  13,  988);  by  slowly  dropping 
propyl  alcohol  on  to ptroncly  heated  /.iiic  chloride, 
projnlene,  pro]>aldchyde,  and  other  products 
an-  formed  {\a-  B<1  and  Cireene,  Amer.  Chem.  .1. 
1880,  2.  23).  Chlorine  in  the  cokl  yields 
a-cfaJoropropaldchyde,  ofl-diohloropropyl  ether, 
and  other  products  (Brochet.  (bmjn.  rend,  1895, 
121,  648 ;  Oddo  and  Cusmano,  Gazz.  chim. 
ital.  1900,  31.  i.  46),  whilst  bromine  gives 
dihromoprn|-Htldeh  v(!i  .  Potassium  h.\  ilro-\ide 
and  iodine  yield  lodoioriu  (Licben,  Aniiulen, 
Suppl.  7,  230),  whilst  with  bromine  propylbromal 
is  the  product.  Methyl  iodide  antf  propyl 
alcohol  at  218°  viel<l  n-propvl  ether  (Wolkow,  J. 
Rus^.  I'll  .  .  I  li.'iii  S>c.  l.Sh"y,  21.  3:i-s). 

Mofro^l  alcohol,  ^hydroxyprapanc 
CH,-OH(OH)CH, 
occurs  in  fusel  oil  (q.v.).  Pre}>are<l  by  rfxlueing 
aqueous  acetone  (Friedel,  Aunalen,  124,  327; 
l£uiem«m,  AAt,*- 136,  38)  <nr  propylene  oxide 
(Linnemann.t6uf.  140, 178)withsodtumamalgam; 
by  heating  woj)ropyl  iodide  with  water  (Nie<le- 
rist,  ibid.  186,  391).  or  better  with  the  addition 
of  len<l  hydroxide  (Flawitzky,  ibid.  176,  380) ; 
bv  tiie  interaction  of  zinc  methyl  and  jB-iodoetb^  1 
alcohol  (Butleiow  and  Ossokin,  ibid.  146.  267) ; 
together  with  prop3-l  alcohol  by  tbe  action  of 
nitrous  acid  on  t«opropylamiue  (finnemann,  Qnd, 
161.  43 ;  cf.  Ber.  1877,  10.  1111 ;  Ifeyer,  ibid, 
1876^  9,  535). 

Coknirless  liquid ;  b.p.  82'44*'  (corr.)  (Yoimg 
and  Fortey.  Chem.  Soc.  Trans.  IW2.  736; 
Doroschewsky  and  PoljauBhy,  J.  Hum.  Phv«. 
Chem.  Soc.  1910,  42,  1448;  pf.  ThoriK',  Chem. 
S.)c.  Trans.  1897,  020);  sp.pr.  0-8t»120  at  0 
(Young  and  Fortey.  I.e.),  0-7US2  at  4"/4%  0-7903 
at  15  /16*  (Kiorpe.  l.r.  ;  Louguinine,  Ann. 
Oum.  iniys.  [vii.]  13,  289) ;  for  table  of  ap.gr. 
of  aqueous  solntionfl  v.  Doroeohewe^  end 
Poljari.skv,  Ix.  ;  critical  temperature  234-9* 
(Pawlowsky,  Ber.  1882,  16,  3035);  beat  of 
comboatiOD  (Zoubow»  J.  Biub.  Phya.  Catem. 
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Soc.  30.  026);  tUcloctrlc  constant  (Locw, 

Aim.  Physik.  GO,  3^8  ;  Drude,  Zeitach.  phyaikal. 
Chein.  23,  30) ;  alMorption  speotiuin  (Spring. 
Roc.  trav.  chim.  10,  I).  Fornis  i.<ioproi>t)Xidt\s 
by  rfplacoincnt  of  the  hv*lrox\lio  hydrogen  by 
motallii-  radlcloH  and  yields  a  (-rystallme  oom« 
pound  with  oajoium  chloride.  Chlorine  converts 
wopropyl  aloohol  into  cw-tctrachloroacetone 
(BrociH  t,  Ann.  Chim.  Phys.  [vii.]  10,  134), 
whilst  bromine  yield«  as-tribromoaoetone,  aoe- 
tone,  and  isopropyl  bromide.  Fhosphoras  tri* 
rhlorifle  y'u;UU  di-i>opro|nI  ])hosphitf,  ?>opropyl 
chloride,  hydrogen  chloride,  and  a  smaU  quantity 
of  propylene  (Milobdenski,  J.  Boaa.  Cbys.  C9iem. 
Soc.  1S9S,  .30,  730).  ]>ecompoBe8  into  projivlone 
and  wat^r  uii  huatiiig  with  methyl  iodide  at  218" 
(Wolkow,  ibid.  1889.  21,  337). 

Profylene  glycol,  ap-diht/drorffpropeau 

CH3CH(UK)UHa-6H. 
Prepared  by  the  interaction  of  powdered  sodium 
hydroxide  and  glycerol,  and  stibscquendy  dis- 
tilling the  product  so  furmtd  (Murlcy  and 
(Jniii.  Chem.  Soc.  Trans.  1885,  132);  by 
reducing  ghro(»ol  chlorhydnii  with  sodium 
amalgam  (Lonren^,  Aimalen,  120,  91),  or 
bettor  by  tlie  uctioii  of  acct\l  bromide  on 
glycerol,  and  reducing  the  compound  thus 
formed  with  the  zinc-copper  couple  and  hydro> 
chloric  acid  (Belohoubeck,  Ber.  1881,  12,  1S73) ; 
by  heating  1  part  of  propylene  dibromide  with 
20  parts  of  water  (Niederist,  Annalen,  196, 
359) ;  together  with  acetone  and  propaldcliydc 
by  the  interaction  of  propylene  dichlorido  or 
dibroiuidc  and  watt  r  with  lead  oxide  (Ektokow, 
J.  RuM.  Phys*  ^em,  Soc.  1878,  10,  210)  or 
potaanum  carbonate  (Hartnuum,  J.  pr.  Chem. 
1897.  [ii.]  55,  -138)  ;  togetlu-r  with  other  products 
by  the  iuteractiuti  of  propylene  dibromide  and 
silver  acetate  (Wurtz,  Ann.  Chim.  Phys.  [iii,] 
16,  383),  or  of  allyl  alcohol  and  10  p.c.  hydro- 
chloric acid  (Silonina,  J.  Lium.  Phys.  Chem. 
Soc.  1887  I  ,  311), 

Colourless  liquid,  having  a  sweet  taste ; 
b.p.  188'-189';  sp.gr.  1-051  at  0^  10403  at 
I'J  (ZaiuU  r,  Annalen,  214,  177) ;  misciMu 
with  water  or  alcohol,  soluble  in  12-13  vols, 
ether.  Ozidiwd  by  idatinuin  Uaok  to  lactic 
acid  ;  by  nitric  acicf  to  glycollic  and  oxalic 
acitls ;  by  chromio  acid  to  acetic  acid  (Flawitzky, 
Ber.  1979,  11,  1256).  Dilute  sulphuric  acid  at 
170°  gives  acetone,  propaldehyde,  aiid  methyl- 
pthylacraldehvde  (Rix,  Monatsh.  1904,  25, 
267).  Zinc  chloride  or  dilute  hydrochk>ric  add 
yield  propaldehyde  (Hawitzky,  J.  Russ.  Phys. 
Cbem.  Soc.  1878, 10,  348 ;  Linnemann,  Annalen, 
192,  ni),  whit.'Jt  foncentratfj  hydriodio  acid 
yields  wopropyl  iodide.  Either  sorbose  bacterium 
or  MycodtffM  auH  yields  aoetol  (Kling.  Compt. 
rend.  1901,  133,  231;  1899,  129.  1252;  Bull. 
Soc.  chim.  liKil,  [iii.]  25,  9^5),  whilst  Bacterium 
terrno  comtrts  it  into  /-propylene  glycol  (Le 
Bel.  J.  1881,  612).  Bronnnc  watrr  vields  acctol 
(Kling,  Compt.  rend.  1899,  129,  219  ;  12S,  244). 
Sulphur  chloride  converts  rm lono  (rj^col 
mamly  into  the  chlozhydi^  CIls  ClL(OH)Cli,Cl, 
although  Bmall  quanttties  of  the  Isomerio  com- 
pound CH,-CHn  Cir.OH  are  probably  also 
formed  (Morlcy  ivnd  Green,  I.e.). 

Trimethylene  glycol,  aydihi/droxypropane 
n-projyyhnc  glycol,  CH^OTI  CHj-CHjOir,  is  a 
byo-product  in  the  manufacture  of  soap-lyo 
glycerin,  and  ia  formed  by  the  fenneatation  of 


I  the  bone  fat  {v.  Glvcerix  ;  and  Nnve>  and  Wat- 
I  kins,  J.  Amcr.  Chem.  Soc.  1895,  17,  890). 
Formed  by  the  fermentation  of  glycerol  by 
Scfiizonv/rrfr.^  in  the  presence  of  calcium  rarbon- 
;  ate  {Frvuud,  Monatsh.  1881,  2,  638).  Prepared 
I  by  heating  trimcthvlcne  dibromide  (i.)  with 
;  water  (Niederist,  U>i'd.  1882.  3,  839) ;  (ii.)  with 
'  water  and  silver  oxide  (Beilstein  and  Wiegand, 
Ik?r.  1882,   15.  1497);    (iii.)  with  potassium 
,  hydroxide  (Zander,  Annalen,  214, 178) ;  or  (iv.) 
^th  eoditim  acetate,  and  anbeeqnentl^  h3rdiolya* 
ing  thr   linr -tato  thus  produced  with  barium 
hydroxide  (Reboul,  Ann.  Chim.  Phys.  1878, 
[v.l  14,  491).    Acoordint?  to  Henry  (Chem. 
Zentr.  1S99,  i.  968)  the  hydrolysis  is  K-^t  r  tTr,- 
with   powdcitsd    puLasiium    liydnjxidc  unocr 
reduced  pressure.   Colourless  liquid  ;  b.p.  210° ; 
I  sp.gr.  1-0526  at  18"  ;  misciblc  with  water.  By 
!  heating  with  sodium  amalgam  in  amyl  alcohol 
the  nionosodium  dcrivativo  is  formtKi.  and  on 
further  treatment  with  metallio  sodium  this 
yieUa  the  diaodinm  deii?atiTe  (Parang  BoIL 
Chim.  Earm,  1906»  44»  481). 

fn§^  Cianlde,  butyronitrile 
CH,CH,CH,-CN, 
Prepared  by  the  interaction  of  ammonium 

butyrato  and  phosphorus  pt-nloxido  (Dumas, 
Annalen,  1847,  64,  334),  or  of  acetouitriic, 
eodlam,  and  ethyl  iodide  (Uoltzwart,  J.  pr. 
Chem.  1889,  [ii^  M9,  233) ;  b.p.  116-3^-117°  '750 
mm.  ;  sp.gr.  U  /9ti  at  15*  (van  Krp,  Rec.  trav. 
chim.  1895,  14,  15).  Reacts  with  sodium 
forming  dimolecular  propyl  cyanide  (iminobutyl 
propyl  cyanide)  (Wache,  J.  pr.  Chem.  1889,  [ii.] 
j  39,  245).  ^Vht■n  administimi  to  do^.s  it  passes 
into  the  urine  as  ammopium  thiocyanate  (Lang, 
Aioh.  exp.  Path.  Ph«nn.  84,  247), 

MdPw^t  eyanlde,  isobutyronimie 
CH,-CH(CN)CH,. 
Prepared  by  the  interaction  of  wopropyl  iodide 
and  potassium  cyanide  (Markowinkow,  Zeitach. 
Chem.  1865, 107),  or  together  with  Mobutyiamide 
bv  the  action  of  potaanum  thiocyanate  on  «§»• 
butyric  acid  (I>ctt8,  Ber.  1872,  6,  609)  ;  l..p. 
107*^-108^  By  the  action  of  sodium  two  bases, 
O.3H32N2  and  C,,H,4N«,aro  produced  (Meyer, 
J.  ))r  Ch'^m.  ISSS.  [ii-]  37.  400). 

Pfopyi  i«oeyanide,  propyl  carbylaminc 
GH,-OH,'(!H,>Na 

j  Prepared  hy  the  interaction  of  j)ro])yl  iodide  and 
.  silver  cyanide  ;  b.p.  97  -99"*  (Wade,  tia  rn.  iyoc. 
Proc.  1900.  157). 

iVoPropyl  t>oCyanide,  iaopropyl  carbylimine 
CHs  CH(NC)CH,.  Prepared  by  the  interaction 
of  tjopropvl  iiidido  and  silver  cyanide;  b.p, 
j  87" ;  sp.gr.  0-759  at  0"  (Gautier,  Ann.  Chim. 
Phys.  1869.  [iv.]  17,  249).  IHluto  hydrochloric 
acid  converts  it  into  wo[)roj)ylfiirn]a]ni<lc. 

MoPropyl  tVocyanate,  iaopropyl  carbimidt 
CH,CH(NCO)CH,.  Prepared  by  the  inter- 
I  action  of  <V(>propyl  bromiac  and  silver  cyatuite.  or 
hy  heating  brouK)'Mobutyramido  with  dry 
sodium  hydroxide;  b.p.  67^  (Hofnuuui,  Ber. 
1882,  in,  7-»'<\ 

Propyl  thiocyanate  CiJj  CH.  CH.  ScN'.  Pre- 
pared by  the  action  of  pota-.',iuin  thiocyanate  on 
propyl  bromide  in  aloohoUo  solution  ;  kp.  163" 
(Schmidt,  Zeitscb.  Chem.  1870,  576). 

/  oPropyl  thiocyanate  CH,-CH(SCN)CH,. 
Pre^>arcd  by  the  action  of  potassium  thiocyanate 
on  Iaopropyl  iodide  in  alcoiiolio  aolutimi ;  b.p. 


Digitized  by  Google 


PROPYL. 


140M5P;  8p.gr.' 0-903  at  20'  (Hcnrj',  Ber.  I 
1869,  2.  496;  cj.  Aoiwleii,  178^  83; 

Ber.  1885,  8,  050).*  ' 

Propyl  ttfothlocyanate,  propyl  thiocarbimide, 
propyl  mustard  oil  CH,CH  (  HjNCS. 
partxl  by  the  infraction  c»t  pmpylaniino  and' 
cjiiljon   (liVulpliiilo  und  subsequi-nt  tnntriiriit 
witli  noercurio  chloride,  followed  by  ditttiilatiua 
in  stoam ;  Kp.  lS2*r'/74S  mm. ;  sp.gr.  O'OOOO  I 
at  0'  (Hecht,  Ber.  1890,  23.  2S2). 

MoFroftjrl  MottUooyanate,  i^pr&pyl  thio- 

^^^^^JI^^Sh^^^^Ka      ^^^^^^^l^^^^I^^^P  Att^A#AriRtfAB^^V  ^^Mm 

CBVWMMKf  JflUJIf  ufiyi  unmow  oh 

CH3-CH(NCS)CH,. 
Prepared  aimilarly  to  the  propyl  compound 
(9.  Mfws);  b.pb  137*-187*6*^  (Jabn,  Btofiatsh. 

1882.  3.  168). 

Propyl  mflnapUm  CH.  CH.  CH/SH.  Pre- 
pared  by  the  aotkm  of  aloobolio  potassium  hydnj- 
Bulphidu  on  propvl  bromide ;  b.p.  67°-(38° 
(Roeinor,  Ber.  1873,  6,  784;  Schatzraann, 
Atinaltm,  261,  7).  Forma  a  mercury  dt  rivative 
jElg(CtH,S),,  cryetallisiiuin  plates,  m.]).  68°. 

•«)Propylmereap!MiCH,  CH(SH)CH3.  Pre- 

pared  by  the  action  of  alcoholic  potassium  hydro-  ; 
■ulphide  on  Mopropyl  iodide ;  b.p.  67°-60° 
(Oans,  Ber.  187S»  080 ;  187S.  8, 632).  Forms 
a  mercury  derivative  crystallising  in  plates.  On 
oxidation  with  nitric  acid  the  raercaptan  yields 
•aopropyl  sulphonic  acid. 

Propyl  sulphide  {CH.-CH,  CH,),S.  Present 
in  crude  petroleum  (Maberv  and  Smith,  Amer. 
Cbem.  J.  1891,  13,  233;  Ber.  1889.  22.  3303). 
Prepared  bv  hit^ting  propyl  chloride  or  iodide 
wtthidoolMllo potemm flulplude ;  b.p.  l41-5°- 
142-5** /772  mm.  (Winsainger,  Bull.  Soc.  thim. 
1882,  tiL]  48, 109) ;  sp.gr.  0-814  at  17"*  (Cahoura, 
Obmpi.  xeod,  1873.  7o,  133).  Oxidised  bv  nitric 
acid  to  propyl  sulphoxide  (C3H,).S0„  which  on 
treatment  with  potasjjium  permanganate  yields 
propyl  solphone,  m.p.  29°-40*  (WmmlK^,  I.e.). 
For  compounds  with  platinum  salts,  v.  Blom- 
strand.  J.  pr.  Chem.  1888,  [ii.]  38,  354,  498; 
RodeUns,  did,  407,  M8. 

•MPMHPt  flUpbHo    (^»>C!H)  a  Pre. 

pared  by  hoatinc  wopropyl  ioSido  with  alcoholic 
potassium  sulphide ;  b'p.  120-5°/763*l  mm. 
(Beokmann,  ibid.  1878,  [ii.]  17,  459).  Oxidised 
by  nitric  acid  to  wopropyl  sulphonic  acid  or  by 
potassium  f>ermanganatc  to  Mopropyl  sulphone* 
iii.p.  36°.  For  compoundH  with  platinniD  8alta» 
V.  Blomstrand,  I.e. ;  Rudelius,  Lc 

Propyl  rolpWte  (C3H70),SO.  Ptapared  by 
the  action  of  thionyl  chloride  on  ]>n>pyl  alcohol ; 
oolouxleas  liquid  with  an  aromatic  odour ;  b.p. 
194^  Hydrolysed  by  20  p.c.  potassium  hydr- 
oxide solution  to  pota.t.-^ium  Kulphate  and  potas- 
sium ethyl  Bulpnonate  after  some  months 
(BOMnbcim  and  Sam  a.  I5<>r.  1905.  38,  1298). 

Propyl  sulphuric  acid,  propyl  hydrogen 
ttdphate  (CjH,)H.S04.  Pn^iMired  by  the  action 
of  sulphuric  acid  on  propyl  alcohol  (CShaooel, 
Compt.  rend.  1853.  37.  41()  )  :  an  oil. 

Ptopyl  sulphate  (C;,H,)jSOt.  Prepared  by 
the  action  of  chlorosulphonic  acid  on  propyl 
alcohol  (Mazurowska,  J.  pr.  Chem.  1876,  [ii.] 
18,  102). 

t^oPropyl  sulphuric  acid  (C3H.)HS04.  Pre- 
pared by  the  action  of  sulpliuric  acid  on  wopropyl 
aiooholoirby  the  action  of  ccuici  iitnUcd  .sulplmric 
art<1  on  cardolo  (Spi^gdf  Chem.  2eit.  1896,  19, 
1423) ;  an  oil. 


Propyl  nitrite  0,11  ^NOf  Prepaml  by  heat- 
ing propvl  alaihol  with  ann  1  nitrite  (Bortoni  and 
Truffi,  C;azz.  chim.  ital.  1884,  14,  23),  or  by 
passing  nitrous  fumes  into  jtropvl  alcobol 
(Cahours,  Cbmpt.  rend.  1873,  77.  745);  b.p. 
48*»-46";  sp.gr.  •0-936  at  21°  (Cahours,  /.<  ) ; 
I*,]'.  57°  (Bcrtoni  and  Truffi,  I.e.)  ;  sp.gr.  0-9881 
at  0^  (Ptibnun  and  Handl,  Ifonatsh.  1881,  2, 
066) ;  mol  ref.  (Brtthl,  Zeitach.  physikal  Gbem. 
1897,  10.  214). 

woPropyl  nitrite  C,H^^O,.  Prepared  by  the 
action  of  silver  nitrite  on  taopropyl  iodido 
(Bc'vad,  J.  Russ.  Phy.s.  Chem.  Soc.  1892.  24, 
125;  SUva,  Bull.  Soc.  chim.  1809,  [ii.]  12,  227) ; 
b.p.  39''-39-67752  mm.  (Bt^vad,  I.e.) ;  b.p.  45°  ; 
sp.gr.  0-856  at  0^  0-844  at  25^  (Silva,  I.e.).  By 
passing  hydrogen  chloride  into  a  cold  ethereal 
wlution,  iaonitrosochloricetone  and  ammonium 
chloride  azo  produced  (Kieeel,  J.  Ruu.  Phys. 
GhMD.  Soo.  1896,  27,  119). 

Propyl  nitrate  CjH^NO,.  Prepared  by  heat- 
ing propyl  alcohol  with  nitric  acid  in  the  presence 
of  a  small  quantity  of  urea  (Waliach  and 
Schulze,  Ber.  1881,  14,  421);  b.p.  110-5°; 
sp.gr.  1-0747  at  5°,  1-0631  at  15^  1-0531  at  25' 
(Ferkin,  Chem.  Soc.  Trans.  1889,  683) ;  mol.  ref. 
(Lowcnhcrz,  Ber.  1890,  23,  2181 ;  BrOhl, 
Zeitsch.  physikal.  Chem.  1893,  16,  214). 

MoPropyl  nitrate  CjHA'Oj.  Prepared  by 
heatinff  silver  nitrate  with  t«opropyl  iodido ; 
b.p.  101M02* ;  Bpjff.  1064  at      1-036  at  10* 


Propylaminet.  By  tiw  action  of  aqneona 

ammonia  on  proijyl  chloride  (equal  mot.)  at 
100°-110**  for  10  hours,  a  mixture  of  mono- 
propylamine  (45  parts),  dipropylamine  (35 
}>arts),  and  tripropyfaminc  (20  jmrts)  is  obtained. 
These  are  separated  by  liaclional  di.->tiUation 
and  purified  as  friloWB 

(i.)  To  the  fMoiugmnylamtne  ethyl  oxalate 
is  added  with  the  fonnation  of  dipropyloxamido ; 
(ii.)  to  the  dipropylamine  oxalic  acid  is  atide<l, 
dipropyloxamic  acid   being  produced;  (iii.) 
to  the  tripropylamine  picrio  add  is  added  with 
the  formation  of  the  picrato  (Chancel.  Bull. 
Soc.  chim.  1892,  [iiL]  7,  406  i  qf.  Malbot,  Compt, 
rend.  1887,  104,  998 ;  Vlnoent,  AmL  103,  206). 
PfQPylftmlne,  a-aminopropane 
CH,-CH,CH,NH^ 
Prepared  aa  above,  or  by  the  leduotlon  of  ethyl 
cyanide  with  zinc  and  hydrochloric  acid  (McndiuH, 

I  Annalen,  121,  133;  iUentoh,  ibid.  144,  137; 

I  Silva,  SMteeh.  ClM»ni.  1660^  638;  linnemann, 

'  Annalen,  101.  14)  ;  by  tiia  action  of  bromine 
followeil  by  potasbium  h3rdioxide  on  butyramido 
(Hofmann,  Ber.  1882,  16,  709);    by  heatmg 

'  10  i>arts  of  propyl  nitrate  witli  19  jiarts  of 
alcoholic  ammonia  at  100^  (Waliach  and  Schulze, 
Ber.  1881,  14,  422) ;  by  fusing  glycine  ethyl  ester 

i  with  sodium  hydroxide  (Curtius  and  Gobel, 
J.  pr.  Chem.  1888,  [u.]  37,  163).  B.p.  49" ; 
sp.gr.  0-7330  at  4°,  0-7222  at  15^  0-7144  at 

I  26°  (Perkin,  Chem.  Soc.  Trans.  1889,  693) ; 

I  oiit.  temp.  218^,  orit.  prees.  60  atmos.  (Vincent 
and  Cliappuis,  Compt.  rend.  188C..  103,  379); 
elect,  cond.  (Oswald,  J.  pr.  Clietn.  ISSO,  [ii.]  33, 
361  ;  Bredig,  Zeitach.  phvsikal.  Ciicm.  1894, 
13.  29.';);  mol.  rt^f.  (Bruhl,' »6k<.  1895,  16,  214; 

i  Eykmau,  Kcc.  trav.  chim,  1891,  12,  274). 
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Forms  a  Iiydmfc  and  compounds  with  many 
metalUc  chUiiiUes  (51atthow«.  J.  Aiikt.  Llieni. 
800.  ]898.  20,  821);  Skmui-  ana  Wicgmann, 
Monatsli.  1S89.  10,  112;  Hj.KsKiahl.  J.  1882, 
470).  The  jtlatinirhloridt  has  m.\>.  214"  ;  the  1 
picmtf,  m.p.  135"  (Chancel,  I.e.).  Chromic  ai  id 
Ojdcii0e«propjl»ininetopiopionioacid  (Chapman  j 
and  Thorpe,  Annmlen,  142,  176) ;  hydrogen  ! 
peri'Xiilc  yiiMs  at  low  temiKTatures  a  white 
crystalline  peroxide  (Kuruvaki  and  Nisenmann, 
J.  Ru88.  Phys.  Chem.  80c.  1911, 43, 654).  Nitrous 
ncid  A-iolds  propyl  and  j.?opTYipyl  alcohols  and 
propylene  (Mcytr  ami  J'orsttr,  Ber.  1876,  9, 
636);  nitrosyf  chloride  giv<  s  uitrosodipropvl- 
anilne  and  dipropvlamino  hydrochloride  (So)k>- 
nina,  J.Russ. PhyH.'Chera. Soc'.  1898,30,  431,449). 

DIpropylamlne  {C,H.)iNH.  For  prcpaiatinn 
V,  supra;  b.p.  109'4''-li0-4'' ;  8p.gr.  0  7524  at 
4^  (him  at  15*.  0-7S67  at  25^  OE^ldn,  Ghem. 
Soc.  Trails.  IRSn.  05)3)  :  vl  v\.  ccnd.  (Bredig. 
^.c).  ForniH  a  In  Urate  which  is  a  Uquiu, 
aparingly  soluble  in  water.  The  jnerate  haa 
I».p.  75°  (ChiUicd.  /.(•.). 

Tripropylamine  (r^iDjN.  For  pirpimtiuii, 
V.  supra  ;  b.p.  156  r< ' ;  sp.gr.  0-7563  at  18-2^" 
UWnier,  Ber.  1873,  6,  1101);  elect,  cond. 
(Bredig,  I.e.).  Forms  a  hydrate  which  is  a 
liquid,  ver\-  s]':ivli  1^1  \  :-i  ■'.'.titer. 

Tatraprop^lammomum  ^  io<Ude  (CtH,)!^!. 
Ptapaied  by  the  interaotion  of  oonoentiated 
ammonia  and  propyl  iodide  at  150"  (^^aH»ot, 
Lc;  (if.  Boemer.  Ber.  1873,  6,  784);  jirisinatic 
needles,  somewhat  Koluble  in  uatcr,  more 
readily  in  alcohol,  but  less  so  in  ciIut.  Silver 
hydroxide  yields  tetrapropylammoniuin  hydrojcide 
as  a  deliqueKccnt  mass  (Boemer,  I.e.). 

•coPropylaminea.  MQPropyi  iodide  and 
an  eqnivaleiit  quantity  of  strong  aqueous 
anniiiinia  rt-act  very  .«lowly  at  tin-  urdiiiar}" 
tompcrature,  but  the  product  conuats  entirely 
of  monoMopropylanine  hydriodide.  At  higher 
trTiipcrntiin's-  the  action  is  qtiiekfr.  Imt  dif.»o- 
propylamine  hy<iriodide.  pivpylinc,  and  aninio- 
njum  ioilidc  are  also  pro<lucc<l  (H.  iiiid  A.  Malbot, 
Compt.  rend.  1890,  HI,  050  ;  ef.  Jahn.  Monatah. 
1882,  3.  166).  According  to  Zande  (Rcc.  trav. 
chim.  1889,  8,  205)  by  heating  40  j.rins.  of 
alcoholic  ammonia  (15  p.c.  Ji^H.)  with  40  grins, 
of  t/»oi)ropyl  iodide  at  100*'  for  4|  nouars,  a  nuxtare 
of  incjiii*-  and  di-/.-!rtpr<i])yliiniine  is  (ditaiiipd. 
The  pitiduct  heated  with  a  further  quantity 
f)f  i«o-pro]iyl  iodide  for  \  hour  at  100*,  and  the 
<li/«opropylaniinr  sepnrntrd  hy  convorpimi  into 
the  iiilrutio  derivaii\  r.  Jiy  the  action  ot  liyiiro- 
chlorio  add  on  iVr^pmpyl  uocyanide  a  mixture 
of  the  mono*  and  (lii'tfOpropylaminc«  is  aL>o 
obtained  (Siersch,  Annalen,  148,  263;  ef. 
Oauticr.  Ann.  Chim.  Divs.  fiv.]  17. 

MoPropylamlne  (CH,),CH -.N'U^  X'rcpajred  as 
above,  or  by  the  action  of  bromine  followed  by 
]>ittasfJ!iim  hydmxide  t>n  iVobutvraniidf  (Hof- 
niaiiii.  iier.  1H82,  15,  768);  by  reducing  an  aico- 
holic  8ulution  of  nrctonephenvlhydrazone  (Tafel, 
tbtcf.  18S6,  19.  1926).  acetoxime  ((ioldschuudt, 
ibid.  1887,  20,  728)  or  tlihvdrDXvacetoxime 
(Piloty  and  RufT.  >>,;.].  18}I7.'  30,  'l664)  with 
aodiiuu  amalgam.  B.p.  33''-34'  (Menschutkin,  J. 
Rum.  PhjTR.  Chem.  Soc.  1897,  29,  453) :  .sp.gr. 
o  noo  at  18^;  inol.  r.  f.  (Brithl.  Zeitsch.  phv^ilval. 
Cheiu.  IHO.'i,  16.  214);  ek>c<t.  cond.  (Briniig, 
%bid,  1S91,  13.  295).  Nilrou.n  acid  converts 
tsopropylamine  into  taopropyl  alcohol  (Sierscbt 


I.e. ;  Meyer  and  Fnrstor.  Bor.  1876.  0,  flSfi] ; 
nitrosyl  chloride  yields  iiitroj>udi*i.opio|)ylaiiiuif 
and  (liMoprop^iaminu  hydrochloride  iSt)k)nina, 
J.  Rus.H.  Phys.  Chem.  S^c.  1898,  30,  431,  449). 
Forms  conqiounds  with  metallic  chlorides ;  the 
hyilroehloride  ha«  m.j>.  1  1  -156"  (Sktaup  and 
Wi^mann,  Monat«h.  1889,  10,  112). 

DI»A>propylamine  (C3U;),NyH.  For  prepaia* 
tinn,  V.  supra  ;  b.p.  83  ')    !S4'  743  mm.;  apigr* 
0-722  at  22°.    The  nitroso  derivative 
(C,H,),N(NO) 

has  m.p.  40^ 

DUJtllKES. 

PrOMFltllA  dJamlnCi,  a$-diaminopropane 

CH,-CH(NH,)CH3-XH,. 
Prepared  by  heating  propylene  di  bromide  and 
alcoholic  ammonia  at  100°  (Hofm&nn.  Ber. 
1873,  6,  308):  a  strongly  alkaUne  liquid,  b.p. 
119''-120°.  The  hydrochloride  C3H,oNj,2HCI 
has  m.p.  220"^.  Propylene  diamine  forms  com- 
pounds urith  numerous  metallic  haUs  (Werner, 
Zeitsoh.  anoiv.  Chem.  1899,  21.  200).  /-Propy- 
lene diamine  liaa  been  prej^ired  l»y  the  reMilntinn 
of  the  dl-  base  with  d>tartaric  acid  ;  it  has  b.p. 
121*;  8p.gr.  0-8612'  at  fSP/4'>;  [a]p-2«'e5* 
(Tschugaeff  and  Sr.k<;l..fT.  l^r.  IW9,  42.  55; 
1907,40,3461 ;  c/.Baumann,  ibid.  1895. 28,  1 180). 
Itbnethylwie  iiiiiiint^  trir-difwtinopropane 

CHjNH„)CH,-CH,  NH    Prepared  by  the  inter- 
actiuu  ut  triinethylcue  dibromide  (I  part)  and 
8aturated  alcoholic  ammonia  (8-9  parts)  (Fischer 
and  Koeh,  Ber.  1884,  17.  1790;  Annalen,  1886, 
232,  222  ;   ef.  Lcllmami  and  Wiirl liner,  ibid. 
1886,  228,  227) ;  by  the  action  of  strong  hydro-  • 
chlorio  acid  on  trimethyleno  diphthaUmide 
(Gabriel  and  Weiner,  Ber.  1888,  21,  2670) ;  by 
reduc  ini:  ay-din  it  n  ij^ropane  Mith  sodium  amalgam 
'  and  acetic  acid  (Kepplcr  and  Meyer,  ibid,  1892, 
25,  2638) :  b.p.  135*^-1  SO'/TSS  mm. ;  niseible 
j  with  alcohol,  ether,  rldnroform,  or  benzene. 
'The  hydrochloride  C,ll,6Xj.2Ha  crystalUst^ 
in  large  plates  ;  on  tn*atnjent  with  silver  nitrite 
and  water  the  hydrochloride  yields  allyl  alcohol 
'<  and  other  compounds  (Bemjanow,  J.  Hu^Sii. 
Phys.  Chem.  Soc.  1893,  25, 677). 

Propylene  CHj  CH  :  CH^.    Formed  by  pass- 
ing the  vapoiurs  oi  f  uael  oil  (Iteynuids,  Annalen, 
j  77,  118),  petroleum  (b.p.  W*-90f*)  (Pranier.  3. 

1873.  ,347).  trimetliyleiie  (Tanaiar.  T5er. 
32,  702,  19t>o),  or  otiui  oiganic  cumpoundH 
tlirough  a  red-hot  tube  ;  by  distilling  allyl 
iodide  (Oppenheim.  Annalc-n.  S\i|i|il.  t),  3."4'. 
Best  prepared  by  healing  i'rujnl  uicithul  wiih 
phosphonis  petitoxide  (Btnlstein  and  Wi^and, 
Ber.  1882.  16,  1498)  or  by  heating  propyl  or 
Mopropyl  alcohol  with  glsicial  ])hosphorio  acid 
1  (Newtli,  Chem.  S.c.  Tian.8.  1901,  917).  Also 
I  preoarcd  by  heating  propyl  alcohol  (4  V0I&) 
with  sulphuzio  add  (3  toIs.)  and  6  p.e.  of  anhy- 
drous aluminium  sulphate  at  100*^-1 10"  fSeiidc- 
rens,  Conipt.  rend.  1910,  151,  392)  ;  by  heatiug 
»>opn>j)vl  alcohol  witli  fu^ed  zinc  chloride 
(Frictlef  and  Silva,  J.  1873.  ;i2l'i  :  by  the  inter- 
action of  alcoholic  i)ota«jiu»u  hydroxitle  with 
,  propyl  iodide  (Freund,  Monatsh.  1HS2,  3,  633), 
or  iwpropyl  io<ljde  (Krlcnme^w,  Annalen.  139, 
228)  ;  by  dintilling  glycerol  with  twice  its  weight 
of  /.inc-duM  i(  [ill  .  Ber.  18Sr..  IS.  \ by 

heating  ahyl  iodide  « ith  /.inc  and  sulphuric  aciil 
or  w  ith  nu  rcury  and  hvdrocldoric  acid  (Berths- 
I  lot  and  Luca,  AnnalcD',  9Z,  309) ;  by  distflling 
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allyl  iotlido  (LinriPmann.  thid.  Ifil,  54;  Glad- 
.sluue  aud  Tribe,  Ber.  Itt73,  0,  1550 ;  I^iederist, 
Annalcn,  196,  358),  or  alWl  bromide  (W'olkow 
and  B.  N.  MetiMshutkiD,  J.  Ruaa.  £hjB.  Cbem. 
Soe.  1898,  31,  3071)  with  suMsdnat  in  alooholio 
-ohitidti  ;  hy  t  hiMQtcraction  of  acetone  dichloride 
(Fricdel  and  Laden  burg,  Zoitsch.  Chem.  1868, 
4S)  or  Metone  dibromide  (R<^boaI.  Ann.  (Mm. 
Phys.  1878,  [r.]  14.  488)  uith  >^<uVmm  a! 
150"  ;  by  the  actioa  of  uiic  ethyl  on  pcrrhioro- 
mcthano  (Bcilstein  and  Rieth,  Annalen,  124, 
242),  bromoform  (Bcilstein  and  Alcxejou.  J. 
1864,  470),  or  dichloroacetal  (Patemo.  Annaleu, 
159,  134);  by  fusing'  a  inixturo  of  calcium 
oxalftto  and  potassium  acetate  (I>usart,  ibid. 
97,  127) ;  by  heatins  thymol  with  phosphorus 
pentoxidt'  ( Kti^'olhaiOT  aod  LatwAliiow,  Zisitaefa. 

caiem.  mm,  tiio). 

Gblourlofls  gas.  which  can  be  liquefied  under 
a  prrssuro  of  1^  at  mow.  fMoltschanoff.sk> ,  J. 
liusa.  Phj's.  Chem.  Sue.  JS8S),  21,  32)  or  uiulur 
atmonrfieno  pressure  by  immersing  in  liquid 
air;  b.p.  —50-2°  (Laden burg  and  Kriigcl,  Ber. 
1899,  32,  1821).    Heat  of  combustion  (const. 

i>n  -.  i  li>9-3  Cal.  (Berthelot  and  Matignon, 
}uiL  doc.  ohim.  1884,  [ii.]  11,  739).  One  voL  of 
water  at  <*  dunolTes  0-44600e-<H)22076l+ 
0-O00538S/*  vol.  propylene  (Than,  Annalen,  123, 
187);  absolute  alcohol  disaolvos  12-13  vols. 
Oo»  gnn*  of  pure  sulphurio  aoid  absorbs  470  0.0. 
of  piopylane,  forming  the  compound 

t(CH,),CH],SO, 
wliieh  on  disUUation  with  water  yielda  Mopropyl 
alcohol  (R  rt helot,  Ann.  Chim.  Phys.  1895,  [vii.] 
4,  Oxidation  with  potassium  permanga- 

nate or  with  chromic  acid  fields  carbon  diosddo 
and  formic,  ai-t  tic.  and  oxalio  aoida  (0,  and  F. 
Zeidler,  Annaleu,  197,  249). 

MauihylMM^  oychpropane^eyclotnmethffkne 

(Mj^l    *.   Prepared  by  the  action  of  iodinm 

CH, 

(Freund,  Monatsh.  1882,  3,  626;  cf.  Rcboul, 
Ann.  CSdm.  l*hvs.  1878,  [v.)  14,  488)  or  line 
(GustAVson,  J.  pr.  (^om.  1887.  [ii.]  36,  300)  on 
tlimcthylene  dihromido  in  u,lcuhoUc  solution. 
Acoordtng  t<i  WOlkow  and  B.  N.  Montsehutkin 
(Ber.  1898.  31,  3067)  and  Tanatar  (ibid.  1899, 
32,  702.  1966)  the  gas  obtaineci  by  Gustavson's 
method  alwa>-8  contains  propylene  ;  by  passing 
the  oas  throtu^  bromine  the  propyieoe  is 
absorbed  and  the  trimethylene  is  obtwned  in  a 
jmre  state.  It  has  been  shown,  however,  that 
tho  preeenoe  of  propylene  in  the  gas  is  duo  to 
tha  fact  that  trimethylene  dihromide  ngnally 
contains  some  propylene  diliromido.  and  that 
if  the  trimethylene  dibromide  is  quile  pure,  no 
pcopylcnc  is  obtained.  If  the  first  {mrtion  of 
the  gas  obtained  by  this  metho<l  is  rejecteil,  the 
remainder  is  pure  trim»*thylono  (Gustavaon,  J. 
pr.  Chem.  1907,  [ii.  7  '>Vi ;  1899,  |  59,  302  ; 
Willstiitier  and  Bruce,  Ber.  1907,  40,  4450). 
Amyl  alcohol  may  be  subetitnted  for  ethyl 
alcohol  in  this  preparation  (Haehn,  Arch.  Pharra. 
1907,  245,  618;  Part  lit  li.  Verb.  deut.  Natur- 
forMh.  Aente,  1007.  ii.  159). 

Colourless  pas,  w  hich  can  he  liquofi«Ml  under  a 
pre'iwuro  of  6-(i  atunM.  (M<jlti«chanoffsky,  .f. 
Ross.  PhyH.  Chem.  Soe.  1889,  21,  32).  or  under 
atmoephano  pressare  by  immersing  in  liquid 
air;  it  has  also  been  solidified,  m.p.  -126"; 
b.p.  —36"  {circa)  (Ladonbuig  aiMi  Kragd,  Ber. 
Vol.  IV.— r. 


1899,  32,  1821).    Hoat  of  combustion  (coiiMt. 

greas.)  607'8  Cal.  (Berthelot  and  Matignon,  Bul^.  ' 
oe.  chim.  1894,  [iii.J  11,  739).  Trime^lend, 
when  exposed  to  a  red  heat,  remains  unchanged, 
but  at  lui^er  temperatures  decomposes  mto 
ethylene,  hydrot'cii,  paraffins,  and  other  pro- 
duots  i  by  passing  through  a  ted-hot  tnbe  it  is 
eonverted  into  propylene,  bat  if  air  is  present 
formaldeh^'f^e  is  prodncfd  (Tanatar,  Ber.  1896^ 
29,  1297  and  I.e. ;  Wolkow  and  B.  N.  Meat* 
schutkin.  I.e. ;  Berthelot,  Cbmpt.  rend.  1809, 
129,  483).  At  100'='  in  the  presence  of  jilatinum 
black  propylene  is  produt  ed  (  i'anatar,  Zeitsch. 
physikal.  Chem.  1902,  41,  736),  whilst  with 
niokel  redoetion  to  propane  is  effected  (Will- 
stRtfer  and  Bruoe,  I.e.).  One  grm.  of  pure  ' 
pul;  Iiurio  acid  absorbs  480  c.c.  of  trinifitlivlene, 
yieicluig  the  compound  (CH,-CH,-ClL)j.SO«, 
which  on  distillation  with  water  gires  propyl 
alcohol  (Berthelot,  Ann.  Cliim.  Phys.  1895,  [vii.j 
4,  102).  Chlorine  reacts  explosively  in  the 
sunlight,  but  in  diffuse<l  daylight  ^nelda  dichloro* 
trimethylene,  trimethylene  dichloride,  jB-chloro- 
propy^Udcne  dichloride,  and  trichJorhydrin  (Gus- 
tavson,  J,  pr.  Ch(  ni.  1891,  f  ii.]  50,  381;  1890» 
[ii.]  42,  495).  By  the  action  of  bromine  tri- 
methylene dibromide  together  with  some 
propylene  tiibromide  is  formed;  dry  broinin<> 
acta  very  slowly,  but  if  hydrogen  bromide  bo 
present,  the  lattw  acts  as  a  oatalyBt,  greatly 
accelerating  the  reaction  (Gustavson,  tbia.  1899, 
[iL]  59,  302  ;  Cbmpt.  rend.  1900,  131,  233). 
PROPYL  ACETIC  ACID  v.  VaiwoacIDB. 
PROPYLBENZENE  v.  CtrnnrKS. 
tTO-PROPYLSUCCINIC  ACID  v.  Pimblicaciu. 
PROTARGOL  r.  Sy^thktic  dbuos. 
PROTElliS.  The  chief  nitrogenous  con* 
stitiisnts  of  both  plant*  and  animals  are 
complex  .tsubfitances,  forming  a  group  to  \shit  h 
at  various  times  different  name«  have  bceu 
applied,  such  a.<^  alhiiuuns.  alhumenokb,  and 
proteins  ((Jer.  Ei>oeiM-8toffe,  after  a  typical 
memlKT  of  the  group,  egg-white).  The  class 
name  now  generally  adopted  is  *protein,*  the 
terms  '  albumen  '  and  '  albamtnoids '  being 
employed  to  designate  certain  sub-groups. 
.A-lto^'ethcr  more  than  fifty  proti-ins  are  kno\vn 
to  occur  naturally  in  plants  and  animals,  which 
differ  from  one  another  in  physical  and  chemieal 
properties.  It  is  only  within  the  last  few  years 
that  any  definite  knowledge  as  to  their  chemical 
cun.stitntion  has  been  attained,  and  owing  to 
the  laliours  of  Emit  Fi.-^cher  and  his  pnplls.  who 
have  devised  a  sy.stciuatu;  niethoti  of  chemical 
examination,  a  fairly  clear  view  is  nowobtainabie 
of  the  way  in  which  their  higldy  complex  mole- 
coles  are  Irarilt  vp.  On  hydroly.His  the\-  yield  a 
largo  number  of  amino  arids.  for  which  E. 
Fischer  has  devised  a  method  of  approximately 
quantitative  estimation,  and  the  individual 
proteins  difTrr  fmrn  one  another  in  the  number 
and  quantities  of  these  acitU  oLtamablo  from 
them  by  acid  hydrolysis.  The  proteins  are 
therefore  ossentially  '  polypeptides, '  which  are 
formed  by  the  conjugation  of  a  largo  number  of 
amino*  aeid8,acootaittg  tothesdieme— 
R  R' 

i  I 
(COOH-CH-\H)-(CO-CH-NH) 


R' 


R" 


-(GO-CH-NE)-CO . . .  NH-(CO-CH-NH,> 

2  ]> 
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Tlie  following  arc  the  amino  acids  which  have, 
up  to  the  fmseni.  been  iuUted  m  bjdn^y^ 
^oductB  of  tlu!  protoing  : — 

A.  Honoan)iiio  cnrboxylic  acids. 

I.  Gljroino  C^H^NOi,  or  aminoMietio  add 

('Hj(NHj)(:OOH. 
2*  Alanine  CfUjNOg,  or  a-aminopropiouic 
add 

CH,CH(NHj)COOH. 

3.  Valine  C«lltil40^  or  a-aminoMOvalerio 

acid 

[i[J»>  CHCH(NH,yOOOH. 

4.  Ixucinn  c:,H,,lsO,,  or  a-amino-7-mothyl 

valeric  add 

gg»>CHCH,-CH(WH,)0OOH. 

5.  MoLdQcino    C.KijNO^,   or  a-amino>^> 

methyl  valeric  acid 

>CH  CH(NH,)COOH. 

ft.  Phciiylftlaninc  C,HnNO„  or  j9-phenyl-ap 
aminopropionic  acid 
C,H,eH,CH(NH,)COOH. 

7.  Tyrosine  ('„]1„N03,  or  ^  P^^rahydioiy- 

phenyl-a-anunopmpionic  acid 
(OH)C,H,CH,CH(NH,)COOH. 

8.  Serine,  CjH^NO,,  or  ^-hydioj^Hi-ainiiio* 

propionic  acid. 
CH,(OH  )CH(NH,)COOH. 

0.  Cystine  C,H,,N,0«8t.  or  /i'dianlpliido* 

a-aiuiiuiprupifinic  acid 

C001ICIl(NHj)CU,SSUH,'CH(NHg)C00H. 

B.  Monoamino  dicarbo^Uo  adda. 

10.  Aspartio  acid  CjA,^^»  ^  amino- 
succinic  acid 

COO  H-  CH  2-  CH(NH,)COOH. 

II.  Glutamic  acid  CgH^NO^,  Or  tt-amino- 

glutaric  acid 

COOHCHaCH,-OH(NH,)COOH. 
C  Dfaninoinonaparboxylio  aoida. 

12.  Ar4iiiin<;     f'gHnNiO,,    or  •-aillillO<^> 

guauino-n-val«rio  acid 

}  1 N    1  •  xH?cii  ,rH,CH,CH(NH,)COOH. 

13.  Lysine    C«Uj«NsOj,    or  a<-diaminor 

hexoio  add 
(NH,)CH,-CH,-CH,CH,-CH(NH,)COOH. 
]>.  Diamino  •  monohydrozymonooar  boxy  lie 

acid. 

14.  Casoinic  acid  C.sHjfNjOi,  or  diamino- 

trihydrozydoaeoaaio  aora 
K  Hoterocycllo  compounds. 

16.  Hi.stidiiio  (\H,jN'30j.  or  3-iminnz(tlc-a- 
aminopropionic  acid  (a-amino-/3-gly- 
ozaUne-4{or  5) -propionic  add). 

;CH 

1^     .  NH 

1  ! 

CH-  --C-CH,-CH(NH,)COOH 
16.  Pr  oline'  r^H.NO,,  or  pyrrolidine-2-oai^ 
boxylic  acid. 
CHg— CH. 

vn,  cHcooii 


17.  Oxyproline  CgUtNOg,  or  bydrozy- 
pyTTolidine-2-carboiylM  add,  a  hydroiyderiva- 

tive  of  the  above. 

18.  Tryptophan  C,,n,,N,0.,  or  j8-indole- 

••aminopropiunic  acid 

C  CHjUH(iiH,)COOH 

C.H.<'^CH 

NH 

Other  acids  are  proljably  obtainable  by  the 
hydrolysis  of  proteins  which  have  not  yet  been 
isolated  In  tow  oasee  have  more  than  70  p.e. 
of  the  theoietioally  ofctamaUe  amino  adds  Men 

isolated  from  any  given  protein.  (Generally 
the  yield  is  appreciably  smaller.  This  is  partly 
doe  to  the  imperfect  methods  of  isolation  of 
addafn.)ni  the  complex  mixture  whirh  is  formed 
in  the  hydrolysis,  but  partly  probably  also  to 
the  fact  that  other  amino  acios  are  obtainable, 
which  have  not  yet  been  i.solated  in  a  pure  state. 

The  qtiantiiativ€  e«limalion  of  the  hydrolyni 
products.  The  method  of  isolating  in  an  approzi* 
mately  quantitative  manner  the  mono-amino 
adds  denved  from  protdns  is  due  ohi«By  to 
Emil  Fischer.  The  protein  is  Iwiled  with  either 
sulphuric  or  hydrochloric  acid  ;  as  a  rule,  three 
timee  the  weight  of  the  latter  acid  of  8p.gr.  1*19 
is  employed,  and  the  heating  is  then  continued 
until  the  biuret  reaction  {see  below)  has  c^jm- 
pletdy  disappeared.  The  hydrolyda  mixture 
IS  then  concentrated  in  vacuS  to  a  small 
volume,  saturated  with  hydrochloric  acid  gas 
and  anowe<l  to  stand  for  some  days  at  0*.  The 
greater  part  of  the  glutamic  acid  tlien  separates 
m  the  form  of  its  hydroohloride.  The  filtnte 
from  this  substance  is  concentrated  to  s\Tup  in 
vacuo,  and  the  latter  is  then  dissolved  in  absolute 
alcohol  (3  litres  for  1  kQOb  of  protein),  and  the 
alcoholic  solution  is  saturated  with  hyciroehlorio 
acid  ^as.  In  this  way  the  niunuamiuo  acicU  are 
eetenfied,  hat  owing  to  the  formation  of  water 
in  the  process,  it  does  not  proceed  to  completion 
at  once.  The  alcohol  is  therefore  distilled  off  in 
vacuo,  and  the  residue  is  redi^s(llvcd  in  alcohol, 
and  the  alcoholic  solution  is  again  treated  with 
hydroohlorio  add,  and,  after  standing, 
oentrated.  If  glycine  is  present  in  any  larce 
quantity  it  separates  at  this  stage.  The  csteriti- 
cation  U,  if  necesHary,  repeated  a  third  time. 
The  esters  of  the  hydrochloridea  of  the  amino 
acids  are  finally  obtained  in  the  form  of  a  thick 
syrup,  from  which  the  free  esten  moat  be  pite« 
pared.  This  operation  requires  ^reat  oare  and 
skill,  owing  to  the  ease  with  which  these  sub- 
Htances  arc  hydrolyscd.  The  syrup  is  dissoh-ed 
in  about  an  equal  volume  of  water,  the  solution 
oooled  with  ioe  and  salt,  and  covered  with  a 
layer  of  ether.  33  p.e.  caustic  soda  is  tlun 
a(lded  in  small  quantities  at  a  time,  alternately 
with  solid  potassium  carbonate,  and  the  mixture 
is  vigorously  shaken  after  each  addition,  so  that 
the  amino  acid  esters,  as  thoy  are  set  free  from 
their  hydrochloritles.  arc  di.ssolved  hv  the  ether. 
As  much  caustic  soda  must  be  added  as  to  oom> 
bine  with  the  whole  of  the  hydroohlorio  add 
and  as  much  carlxjnatc  as  will  form  a  pasty  niasi*. 
and  the  ether  must  be  continuously  poured  off 
from  the  mass  and  renewed.  The  ether  is  then 
distilled  off  afUr  drying  the  solution  over 
anhydrous  Hodmm  sulphate,  and  the  residual 
dark-coloured  oil  is  subjected  to  fractional 
distillation  in  vacud  to  separate  aa  complete^ 
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as  possible  the  amino  ncid.s  from  f  U'  uii<>f!ir>r.  ' 
Moaifioatioiis  of  -tbo  process  of  preparing  the 
free  eston  from  tiieir  hy<hoehloriae«  Itavo  been 
siiLrpcsft'd,  Mich,  for  oxainplc,  fts  the  troatmcnt 
of  the  ftloohoUo  solutious  of  the  hj'drocbloride 
with  the  thecHtelical  quantity  of  sodiom  ethoxide. 
Till  fn  c  esters  are  then  distilled,  fir.«t  on  a  water- 
bath  under  a  pressure  of  about  lU  mm.,  such 
M  can  be  pndnwd  by  the  ordinary  laboratory 
%vater-pump,  and  afterwarda  under  e  pressure 
of  0-6  mm.,  which  can  bo  prodneed  by  »  double 
Gcryk  pump  worked  by  a  motor ;  a  liquid  air 
trep  ia  geoereUy  inserted  between  the  pump  and 
motor,  to  oondense  the  volatile  vapoun.  A 
good  vacuum  can  also  be  produced  by  means  of 
cocfia-nut  chartM>al  cooled  in  liquid  air._  The 
foUowinc  fractions  are  obtauutble*  Reaction  I., 
b.p.  under  40°  at  10  mm.  preflsiire  ;  containn 
glycine  and  alanine.    Fraction  IL,  I'.p.  40*-60* 
mt  10  mm*  pnesurc;  contains  alanine,  leucine, 
and    proline.     Fraction    IIL,  h.p.  OO'-JK)" 
at  10  mm.  pressure ;  contains  Telme,  leucine,  I 
jiroliTif.     Fraclion  IV.,   %vatcr-bath,  100*  at  j 
0*5  mm.  pressure ;  contains  leucine  and  proline. 
Freetion  V.,  oa*faeth,  100^-130^  at  0-5  mm.  | 
Iircssnrc ;  contains  phenylalanine,  aspartic  acid.  ] 
lutamic  ac  id  and  serine.    Fraction  VI.,  oil ; 
th»  130°-1))<)°,  contains  also  phenylalanine, 
glutamic  and  aspartic  acids  ana  serine.    This  ; 
fractional  distillation  of  eaters  gives,  therefore, 
only  a  very  incomplete  sepanition  of  tho  various 
amino  aoicb.   To  get  mote  complete  seoaration 
the  various  fractions  of  the  esters  wf©  hydrolysed, 
the  lower  fractions  by  water  and  tho  hipher  ones 
by  barium  hydroxide  solution.   Tho  free  acids  . 
obtained  from  the  yarioiu  fractions  ore  sepotated  ] 
from  one  another  by  ^  ^n>ncwhat  complex  pro- 
cess of  fractional  crystailiiation.  The  separation 
is  lendeted  eqieoialiy  diffioolt  by  tiie  fact  that 
the  amino  acid«,  as  they  exist  in  the  original 
protein,  arc  optically  active,  and  undergo  partial 
rooemisation  during  tho  process  of  liydmlysis. 
There  are  therelore  pcesent,  in  addition  to  the 
different  amino  acids,  mixture  of  optical  iso* 
lucrides  of  the  same  acid.    For  these  reasons  it 
will  bo  readily  understood  that  a  strict  quanti-  ; 
tative  eatimatioa  of  the  various  hydrul^'sis  i 
products  has  so  far  not  been  possible.    These  , 
remarkii  apply  more  ospcciaUy  Ut  valine,  leucine  ' 
and  Moleucine.   Oevtain  of  the  other  esters  and  ' 
acids  have,  however*  special  properties,  which 
greatly  facilitate  their  isolation.   Thus  ptotine, 
for  example,  is  tho  only  acid  which  in  readily 
soinble  in  alcohol;  tho  ester  of  phenylalanine' 
oan  be  readily  separated  from  the  other  esters 
of  the  fraction  in  which  it  i.«  contained  bv  , 
adding  ^vater  and  (txtractiug  thu  luixturo  with  i 
ether,  when  phenylalanine  ester  will  be  the  only  I 
one  di-i^ol\  .  d  ;  serine  ester  can  be  obtained  by 
adding  »  .nuiall  quantity  of  water  to  the  fraction 
which  contains  it,  and  then  adding  to  tho 
mixture  light  petroleum,  which  causes  the  serine 
e^ier  alone  to  8ei>arate.   For  details  as  to  the 
method."*  of  sepuraiion  <if  tlie  eMt<  is  reference 
should  bu  made  to  spiKiial  tcxt-booic^  and  mono- 
jrraphs  ( "ce  below). 

r  >  i  t.iin  iiumoamino  acids  cannot  be  obtained 
in  tho  form  of  amino  acid  esters  that  can  be 
frootionolly  distilled,  included  amongst  these  are 
Hi.  iinn  <'it  substonoes  tyiosine, eystine,  and 
tryptoulum. 

Tyvosine  and  i^itine  ooa  be  eslamated  by 


hydn  ly  iiig  the  proteins  completely  with  hydro- 
chiorio  acid,  distilling  ofi  the  greater  p«rt  of 
the  eioess  in  vaeud*  and  then  nentnlismg  the 

residue.  The  two  slightly  soluble  amino  acids 
then  crystallise  out,  and  can  t>c  separated  (but 
not  quite  quantitatively)  from  one  anotiur  by 
fractional  crystallisation  from  dilute  ammonia. 
A  simpler  method  of  preparing  cy.st  ine  from  wool, 
which  gives  a  large  yield  of  this  substance  on 
hydrolysis,  has  been  suggested  by  FoUn  (Journal 
of  Biol.  Oiem.  1910,  K  9).  The  protein  (the 
keratins,  hair,  and  horn  yield  the  largest  amount 
of  cystine)  is  hydrolysed  with  hydrochloric  acid, 
and  the  miztaie  is  then  treated  with  solid  sodinm 
acetate  until  it  is  no  longer  acid  to  congo-rcd. 
On  standing,  cystine  separates.  It  is  recrystal- 
liscd  from  3  to  6  p.o.  hydrochloric  acid  solution. 
The  mother-liquor  from  cy.stinc  yields  tyTosinc. 
Tryptophan  is  usually  destroyed  during  acid  hy- 
drolysis, and  is  therefore  generally  prepared  from 
hydrolysn  products  which  have  been  obtained 
by  digestion  with  the  ensyme  tryp»<in  (gee  below). 
As  soon  as  the  digestion  mixture-  ^i  ve.s  a  maximal 
colouration  when  acidiBed  and  treated  with 
bromine  ^which  colour  is  due  to  tryptophan), 
it  is  acidified,  boiled,  liltercd,  sulphuric  acid  is 
added  till  5  p.o.  is  present  in  the  mixture,  and 
then  mercuric  sulphate.  The  ttyntopliaa  is 
thereby  precipitated  as  a  mercury  salt. 

The  diamino  acid4  or  hexone  hatm.  These 
acid.s,  arginine.  lysine,  and  hisfidine,  were,  on 
account  of  their  basic  character,  formerly  known 
as  the  hexone  bases,  sad.  owing  to  the  investiga* 
tions  of  Kosscl  and  Kutcher,  fairly  accurate 
methods  exist  for  determining  the  amounts  of 
theee  three  substances,  which  are  yielded  by 
protein  hydrolysis.  The  principle  of  the  method 
of  isolation  consists  in  precipitating  tho  bases 
from  the  acid  solution  of  hydrolysis  products 
by  means  of  phosphotungstio  acid,  decomposing 
the  pbosphotungstates  by  baryta,  and  pre- 
cipitating from  the  solution  <>i  free  hasea  the 
aigiuine  and  histidino  by  silver  sulphate  and 
ezoess  of  barium  hydioxiae.  ¥vom  uie  filtrate 
of  tho  silver  m\U  of  these  two  ba.ses,  the  third 
base,  lysine,  can  be  precipitated  either  as  phos- 
photungstate  or  as  picrate.  Arginine  and 
histidine  can  bo  separated  from  one  another  by 
decomposing  the  silver  salts,  and  then  repre- 
cipitating  them  from  neutral  solution  by  means 
of  silver  nitnte  and  barium  carbonate.  The 
histidino  only  is  tiiereby  precipitated  and  is 
fiUere<I  off  ;  t  he  siUer  salt  Ot  the  other  su  bstanee 
can  only  bo  made  to  come  down  from  the  filtrate 
when  the  latter  is  made  strongly  alkaline  with 
baryta.  From  the  respective  fractions  of  silver 
salts  arginine  and  histidino  can  be  prepared 
pure  in  the  form  of  piorolonates.  By  estimating 
the  nitrogen  in  aliquot  portions  of  the  various 
fractioiiis,  the  amounts  of  argimue,  histidine. 
and  lysine  can  be  quantitatively  determined. 
For  details  of  the  method  reference  must  be  made 
to  special  t-fxt- books. 

Anothi  r  method  for  estimatinc  the  diamino 
acids  obtainable  from  proteins  by  hydrolysis  is 
due  to  van  Slyke.  It  can  be  oarried  out  when 
only  .'imall  amounts;  of  material  are  availaVjIe. 
and  appears  to  bo  a  relatively  simple  analytical 
process  (Ber.  1910,  Wi,  3170;  J.  fiSoL  Ghem. 
1911,  n.  ISO;  10,  16).^ 

■  Since  this  article  was  written,  van  Slyke'a  mcUiod 
has  beea  ocMldsEslily  extended.  As  it  ^ves  oeeurate 
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It  will  be  soon  from  the  above  accounts  that 
tho  uicthods  of  quantitoti^ly  .separating  the 
HTiiiiu)  afids  from  one  aiiothiT  an-  cotiipk'x. 
and  in  tho  caec  of  tho  mono>amino  acids,  at 
any  lato,  only  approidmately  aeomate.  NeTer- 


the  variouB  proteina  dc^penda  on  the  quant  it  ica 
of  the  different  amino  acida  that  they  yield 

1)11  hydrolysis.  This  .statement  is  illustrated 
by  tho  aooomDauying  table,  which  gives  the 
peroentagc  yidcb  of  the  hydrolysis  prodaota 


thekas,  the  main  chemical  dktinetkm  between  i  obtained  from  oertain  typical  pcoteiin. 
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The  immhcrs  in  the  abOTe  taUe  axe  due  to 

vaiious  obaerverg. 

1.  The  Reactions  of  thb  Pboteins, 
Tho  reactions  which  sorvo  for  the  quantita* 
tive  detection  of  tlin  proteins  may  he  dividtnl 
into  two  clA0SOii,  viz.  precipitation  leaotious 
and  oolonr  reactions.  l%e  latt^  afe  dve»  for 
the  most  pirt,  to  individual  amino  acids,  such 
aa  tryptophan,  wluch  can  be  obtained  by  hydro- 
lysis of  the  proteins.  As  each  amino  acid  ts 
not  rontaiiiol  in  every  pH>teii]»  these  colour 
reactiouh  are  not  general. 

Pncipitalion  reactions.  I.  On  heating  many 
protein  solutions,  a  precipitate  or  eoagulum 
IS  formed,  the  prooeen  of  produotion  being 
known  as  coagulatiim.  This  phenomenon  only 
takes  plaoo  in  the  presence  of  water,  and 
Ghiok  and  Martin  (Jonin.  Physiol.  1910.  40. 
404)  have  shown  that  it  is  tliio  to  a  chomi- 
oal  reaction  taking  place  t)etwccn  thu  protein 
and  the  water,  and  the  rate  of  foraiation 
follows  tho  ordinary  laws  of  niaas  action. 
The  temijcraturo  at  which  a  ooagidum  lornis 
wan  formerly  rcgarde<l  in  tho  light  of  a 
physical  constant,  which  oould  serve  for  the 
characterisation  of  individual  proteins,  in  the 
fame  wiv  tliat  a  nvltitig-iwitif  can  he  u^^nl  to 
characterise  a  simpler  organic  compound.  In 
the  course  of  the  investigations  just  mentioned, 
however,  it  ha«  Im-n  showii  that  a  roacnltim  ran 
be  formed  at  different  teiiitierHturrs,  bui  more 
rapidly  at  higher  than  at  lower  temperatures. 
The  point  of  ohscrvcHl  incipi<>nt  coagulation 
will  depend,  tliorifore,  on  the  rate  at  which  the 

result*  with  small  amotiiils  of  matorial,  it  has  proved 
a  valiDtiile  process  for  characterisation  of  proteins.  A 
very  complete  account  of  the  niethoil  and  ii  s  ai)i»llrji- 
tious  is  nven  In  JPllminer'«  'Chemical  Constitution  ul 
Protehiv  Fart  I.,  ed.  2, 191S;  pp.  67  tt  aeq. 


protein    solution    is    heated.    The  oliservcd 
coagulation  point  is  also  markedly  afiectcd 
by  the  physical  and  chemical  oharaoter  of 
the  srilution,  especially  the  surface  tension. 
It  has  bcctn  i^huwn  by  Michatilis  and  Kona 
(Biochem.  Zeit^ch.  1910,  27,  88)  that  the  optt. 
ll  mum  condition  for  the  coagulation  of  a  protein 
liB  when  tho  prt>tcin  and  solution  are  iaoelee- 
trie.  i.r.  when  tlie  surface-tension  between  the 
colloidal  protein  particles  and  the  solution  is 
at  a  roazimnm.  This  happens,  in  the  omb  of 
dialj'sed    rcre-alhnmin    am!    otluT  proteins, 
when  a  small  amount  of  aciil  ha^  l>een  added 
to  the  solution.   For  this  reason,  coagulation  is 
1  generally  carried  ont  in  solutiim.s  whieh  have 
j  been  slightly  aciditied  with  acelic  acid,  or  wub 
j  acid  sodium  phosphate.     Chick  and  Martin 
I  have  shown  that  ooagnlatkm  can  be  best  oar^ 
j  ried  out  in  solutions  which  have  been  made 
di.-tinctlv  acid  to  litmus  paper  by  butvrie  acid 
I  (J.  Physiol.  1911,  431).    The  piteenoe  of  mdi 
,  and  outer  dissolved  substances,  in  that  these 
alter  the  physical  charnctcr  of  the  solutions,  will 
,  alsu  affect  the  coa^-ulation  point  of  the  proteins. 
!  The  heat  coaKiilation  is,  perhaps,  one  of  the 
i  most  charat  teri.-  ti(   properties  of  large  rla*«»es 
j  of  proteinri,  although  it  can  no  longer  be  re- 
I  garded  in  the  light  of  a  physical  constant. 
I II.  Ctoteins  can  be  nceoinitated  from  solution 
I  by  various  mineral  acids.  Kitrie  add  is  generally 
employed  :    when  allowed  to  flow  on  to  tlm 
surface  of  a  protein  solution,  it  forms  a  white 
I  ring  (Heller's  test).   Metaphosphoric  acid  (but 
not  the  ortho-  or  pyro-  acids)  is  also  a  cond 
precipitant.    III.  Ferrocyanie  acid  (a  mixture 
of  potaR.sium  ferrocyanitle  and  acetic  acid)  ia 
a  gootl  precipitant.    Some  proteins  are  soluble 
,  in  excess  of  the  reagent.   IV.  The  salts  of  heavy 
i  metals  precipitate  proteina  from  aolntion.  This 
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feftotkm  is  wry  complex,  mnd  doe«  not  follow  ] 

tho  ordinary  mutis  reaction  la-vn^.    When  small 
quantitiett  of  salu  of  heavy  nictaln  are  added  to  , 
the  aolntions.  either  chemical  action  (formation  j 
of  iTipt-allic  palt  of  a  {)ri)t(  itO  or  physical  absorp-  ' 
tiou  can  l^ke  jilace  accorUijig  to  tho  conditions 
of   experiment.    In   tho   presence   of  larger 
quantities  ordinary  aalt  piecipitation  of  pro-  • 
teins  (aee  below)  can  take  place.  V.  Firoteina  I 
are  precipitated  by  thv  onliiiarv  alkaloidal  re- 
agcntH  ;  such  as  phosphotungstic  and  phospho- 
molybdio  acids,  pota.<»ium  mercuric  iodide,  po- 
t«H-ii\im  biismuth  picric  acid,  and  tannic  : 

acid.  Tlif  liist-nauxd  is  jiurliapa  the  most  widely  | 
used  precipitant,  and  is  generally  employed  in  the  i 
form  of  the  so-called  Almen's  reaj^ent  (4  grms.  ' 
tannic  acid  in  8  c.c.  25  p.o.  acetic  acid  +100 
c.c.  40-50   p.c.  alcohol).     VI.  'IVicliloracctic 
and  snlphoaaiicylio  acid  are  good  preoipitants. , 
VIL  Uranyl  acetate  precipitates  protelnjt.  j 
Colour   reaclio7is.    1.  Very    ailute  copper 
sulphate  solution  in  the  presence  of  sodium  ; 
hydroxide  and  protein  pfodttoee  a  reddish- 1 
vi  !( t  to  violet-blue  colouration.  This  is  generally 
iiuowTi  as  the  hifirri  reaction.    II.  On  boilin? 
proteine  with  nitric  licid,  yellow  flakes  or  ycllo\\ 
solutions  are  form«l,  which  on  making  alkaline 
become  orange.     This  so-called  xanthoproteic 
reaction  is  probatily  due  to  tht-  presence  uf  a 
benaene  nng.  m.  By  dissolving  mereuxy  in 
nitrio  aeid  without  getting  rid  of  the  nitrove 
acid,   the  .so-called  Millons  reagent  can  bo 
prepareil.    Thiit  solution  gives  with  proteins 
a  pre-cipitatc,  which  become  pinldsh  on  Doiling. 
This  reaction  is  flue  to  the  presence  of  tyrosine. 
IV,  A  large  number  of  colour  reactions  are  due 
to  the  pmNOOe  of  the  tryptophan  group  and 
arc  in  consequence  not  yielded  by  all  proteins. 
The  chief  of  these  is  tho  reaction  of  Hopkitu  and 
Cole,  whic  h  is  a  nioclitioation  of  the  earlier  so- 
called  Adarnkkwicz  reaction.    A  few  drops  of  a 
aohition  of  glyoxylic  acid,  prepared  by  rednoing 
oxalic  acid  w)lution  with  sodium  amalgam,  are 
added  to  the  protein  solution,  and  then  con- 
eentoated  sulphuric  aeid  is  poured  in ;  at  the 
junction  of  the  liquids  a  reddish- violet  colour 
in  produced  in  those  proteina  which  contain  a 
lr\  pt<iph*n  group.   Otner  reactions  are  Reichcl's 
(blue  colour  with  alcoholic  solution  of  ben* 
zaldehyde,  dilute  sulphuric  acid  (1:1),  and 
ferric  chloride),  and  Rhode's  (reddish  to  dark 
violet  colour  with  dimethylaminobcn7.aldehyde 
and  coneenfaated  snlphtiric  acid).  V.  A  aeries  of 
roaction.H  is  given  with  feveral  ])rotein.«,  which 
is  due  to  tho  presence  of  a  carbohyilrale  group. 
In  these  cases  it  is  not  definitely  proved  whet  In  r 
tho  carbohydrate  group  i^*  nrtnally  containe<l 
in  tho  protein,  or  whether  the  latter  is  con- 
tain in«  tod  with  a  glyco-protoin  («€c  cltt«sification 
of  proteins,  below).   The  chief  of  these  are  the 
Moli»ch-Udranahj  reaction  and  BiaVs  oroin 
reaction.    In  tlie  former,  concentrated  sulphuric 
acid  is  added  to  the  protein  solution  coutainiiu; 
a  few  drops  trf  an  alcoholic  solution  of  s'ttaphthol; 
a  violet  colour  i.-^  fherehy  produci'l  which  turns 
yellow  OH  addition  of  mhIiuiu  hydroxide  or 
alcohol.    Bial'.H  reaction  is  carried  out  by  the 
addition  of  drit>d  protiin   to  fuming  hy<lro- 
chlorie  a<:id ;  when  solutiua  hai*  taken  place 
after  warminjy;.  a  little  solid  orcinol  and  a  dro]) 
of  ferric  chlonde  solution  are  added,  and  a  gteen 
colour  is  prodnoed.  VI.  On  warming  proteins 


oontaining  sulphur  with  sodium  hydroxide  in 

tho  prceence  of  a  lead  salt,  a  black  colonmtioir 
is  produce<l  showing  tho  presence  iif  cystine. 
VII.  Diacetyl  in  the  pret»eiH  c  e»f  ]Kitassium 
hy<Iro.\ifIe  solution  g  i  ves  a  pink  colour  ^sith  pm- 
tciuii,  uccuujpanii  il  sometimes  with  a  iiuor- 
oscence;  tho  latter  phenomenon  disappears  if 
the  alkali  be  allowed  to  hvdiolyse  the  protein 
before  the  addition  of  the  diacetyt  Tha  oolour 
is  doe  to  the  presence  of  a  group — • 

NH:(J<NH,)JS'H  H 
(Harden  and  Norris,  Joum.  Physiol.  liiU,  42, 
332).  TIIL  Bahemaan  has  shown  that  triketo- 
hydrindcno  hydrate  gives  a  blue  colour  with 
proteins,  peptones  and  amino  acids  (Chem.  Soc. 
Trans.  1910,  97.  2025).  lor  conditions  of 
reaction  v.  Aberhalden  and  Schmidt,  Zeitech. 
PhysioL  Chem.  1911.  79,  37. 

IL  TBI  C&oor  Physical  Pbojpxbubs  or  thb 

Pbot£iks. 

C6Uoiiei  nofwe.  The  most  striking  physical 

properties  of  the  proteins  may  be  attributed  to 
their  colloidal  nature.  Owing  to  the  largo  size 
of  the  molecules  of  the  majority  of  the  proteins, 
they  will  not  pa.'^.'?  through  animal  and  vegetable 
membranes,  such  as  parchment  pa jxt,  la}  era  of 
ooUodion,  '  sausage  skin,'  &c.  They  can  conse- 
quently be  readily  separated  from  simpler 
substances  by  the  process  of  dialysis.  Owing  to 
their  ability  to  adsorb  simpler  substances,  how- 
ever, the  last  traces  of  tho  latter  can  be  removed 
only  with  very  great  diflSooIty,  and  it  has  often 
Ix'cn  questioned  whether  the  inorganic  ash 
yielded  liy  proteinti  after  prolougud  diahsia  is 
not  due  to  inorganic  substances  in  actual 
chemicAl  combination  with  the  protein.  Another 
method,  analogous  to  dialysis  for  separating 

Sroteina  from  simpler  substances  is  tliat  of 
Itiation  under  pressure  through  gelatin  and 
collodion  membranes.  The  fovmer  are  hardened 
in  formalde',  ,  !.  hefore  use,  and  the  latter  can 
be  ]mpared  from  solutions  of  collodion  either 
in  acetic  add  or  alcohol  and  etlier.  Filtration 
can  take  place  vmder  either  hiah  or  lo\v  pressures. 
In  the  former  case,  a  Bcrkfold  or  other  similar 
filtering  candle  is  emploj'ed,  which  is  impreg- 
nated with  gelatin  solution  and  then  formali.se<l. 
In  the  latter  case,  filter-papers  are  impregnateil 
in  vacuS  with  either  gelatin  or  collrxlion  ;  the 
stronger  the  solution  employed,  the  greater  the 
prcssnre  ultimately  required  for  filtration.  A 
special  apparatus  has  been  devised  for  the 
method  of  filtration  by  Becldiold,  who  has 
designate<l  the  process  by  the  name  of  *ultta* 
filtration.'  The  .simpler  niolcc  uh  -  pass  the 
filttrd,  whereas  Ahe  pruleiud  remuin  In-hind. 

Proteins  can  bo  carrictl  out  from  solution 
by  other  colloids,  and  upon  this  property  methods 
have  been  fountled  for  .sejjarating  proteins  from 
fiolutinti.  For  this  purpose  two  solutions  have 
up  to  tho  present  been  chiefly  employed,  viz. 
rnantic  diflBolred  in  50  p.c.  alcohol  and  dialjrscd 
ferric  hydroxide.  Tf  1he.-e  rolloidal  solutions  bo 
rui.vetl  witli  sulutiunti  not  too  rich  in  proteiiuf, 
and  some  salt  solution,  such  as  that  of  mag< 
ne-iiini  sulphate,  b*  mid"  tho  two  colloid.s  are 
pixcipitatcd  (ogethir.  in  tliosc  ca.-^e.H  tho  re- 
,  action  is  not  always  n-vj-rsible,  in  that  the 
protein  cannot  always  be  dissolved  out  from  the 
precipitate  by  water;   it  can,  however,  bo 
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oonveniVntly  employed  for  sopamting  proteiiiM 
'^rom  solutions  where  they  interfere  with  the 
reactions.  Proteins  con  uao  be  removed  from 
solution  Ity  solid  substnnces  wliieh  act  as  absor- 
beutii,  buch  im  preoipituteil  silicic  acid,  meer- 
Bchaum,  and  iron  oxide ;  under  favourable 
conditions,  this  removal  is  complt  te.  Proteins 
also,  by  virtue  of  their  coUoitlal  pruperties,  can 
'  protect  *  other  colloids  and  prevent  the  latter 
from  being  precipitated  from  aolatioii.  ThiB 
property  is  best  demoiutmted  by  menu  of 
colloidal  gold  solutions.  If  an  electrolyte  be 
adiicd  to  the  bright-red  ooUoidal  cold  solution, 
priidiiced  by  the  rednotioD  of  gold  oUoridc  by 
formaldehytle,  a  prooipitate  of  the  non-colloidal 
gold  iij  produced.  Z&ipmoiiUy  has  shown  that 
proteins  can  inhibit  this  precipitation,  and  that 
the  diffenot  members  of  the  class  .show  mn- 
flidemUe  variations  with  reganl  to  the  amount 
ri  (|uired  to  reveal  tliin  effect.  He  therefore  has 
prupused  to.  regard  the  quantity  of  a  protein 
just  necessary  to  inhibit  the  precipitation  of 

fold  from  a  certain  standard  ooUoidal  solution 
y  a  definite  amount  of  electrol3rte  as  a  factor 
which  shall  serve  for  the  identification  of 
individual  proteins.  This  factor  ho  dcFignatf  s 
the  '(rold  number'  (ZeiUch.  anal  Chem.  llHIl, 
40,  697). 

ThetolubUiiyi^  tkeproUim  ami  the  saltin/j  out 
from  9ohUion».  The  dinerent  proteins  show  great 
variations  in  the  behaviour  towards  solvents. 
Some,  such  as  koratiu,  horn,  &o.,  are  insoluble 
in  all  aolveota;  others,  tnch  as  egg>albamin  and 
serum  albumin,  are  easily  soluble  (i.e.  if  jiol 
coagulated)  in  waUt,  but  insoluble  in  organic 
solvents.  Otiicr  proteins,  afain«  wwAk  aa  the 
globulins,  are  insoluble  in  pure  water,  but 
soluble  in  salt  solutions  whcJi  the  latter  are 
not  too  eoiut  ritrated,  and  other  proteins  are 
soluble  only  in  dilate  adds  or  alkalis,  such 
as  the  fflutenins.  All  these  kmds  of  proteins 
are  iusolul)li  in  orizanic  solvent^^.  In  addition 
there  is  a  claits  of  proteins  which  are  insoluble 
both  in  water  and  abeolnte  alcohol,  bat  soluble 
in  dilute  alcohol  (anrl  also  acetone).  C-ertain 
plant  proteins,  known  as  the  gliadins,  possess 
this  property.  Aqueous  sohitiotis  of  pvotcinfl. 
furthermore,  possess  an  important  c  haracteristic 
property.  The  majority  of  prulcma  can  be 
precipitated  from  tla  ir  aquwus  solutions  by  the 
addition  oi  salttt.  The  jpcecipitating  power  of 
salts  varies  greatly,  and  is  an  additive  function, 
depending  on  botli  the  acid  and  the  base.  Some 
salts  will  not  prectpitatu  ut  all,  as  the  necessary 
ooooentratioin  for  precipitation  is  not  attained 
when  their  saturation  {x»int  is  reachetl.  The 
precipitation  produced  by  salts  is  reversible,  i.e. 
the  precipitate  rcdisHoIves  on  dilutionof  the  solu- 
tion. Tile proteinsyf urthennore,Hhow  great  varia- 
tion amoi^  thenuelvee  in  the  amount  of  salt 
necessary  to  precipitate  them  from  solution. 
Thus,  for  example,  the  globulins  are  precipitated 
when  their  aqueous  solutions  are  saturated  by 
magnesium  sulphate  and  half  saturated  with 
ammonium  sulphate  :  the  albumins,  under  these 
conditions,  remain  in  solution.  The  method  of 
saitnrecipitation  of  the  proteins  has  been, 
therefore,  extensively  applie<l  for  the  8ep;iriU!uii 
of  proteins  from  solution,  and  from  one  anotlu  r  : 
*"  *®  ****        general  method  which  is 

available  for  the  separation  ffom  one  another  of 
proteins  iriiich  are  soluble  in  water.  It  was 


employed  by  Dciuh  as  lonp  f^isp  hh  IS.lo,  and  but 
little  progress  has  been  made  since  the  publica- 
tion of  Denis*  monographs  in  1866  and  1860  on 
the  method  of  protein  .separation.  1*Vic  pjilt?; 
roost  commonly  employwl  lur  prociuitaiiou  are 
ammonium  sulphate,  magnesium  sulphate,  zino 
•Mulphatf.  and  (k-.ts-s  fn'(juenlly)  sodium  chloride. 
Linnt.s  of  concentration  can  L>e  experimentally 
determined  at  which  protein  precipitate  begins 
and  ends,  and  these  limits  will  vary  with  tho 
different  proteins,  and  also  ( but  to  a  lesser  degree) 
with  the  concentration  of  the  protein  solution. 
The  method  oi  separation  oi  proteins  from  one 
another  by  frsotkmal  salt  pcediiitation  is,  how-> 
ever,  far  from  efficient.  Ii  a  salt  be  added  to  a, 
mixture  of  proteins,  as  t$ooa  &s  the  liuiit  ot 
concentration  is  reached  at  which  the  more 
readily  precipitated  protein  falls  out,  precipita- 
tion will  commcucc.  The  precipitate  will 
contain,  however,  not  only  the  protein  of  \vhieh 
the  salt  conoentration  limit  has  been  reached, 
bat  some  also  of  the  less  ieB<liIv  prccipitable 

Jmitein.  Till-  only  method  availalde,  therefore, 
or  separating  wa4«r  soluble  proteins  from  one 
another  la  an  imperfect  one,  and  this  fact 
account."?  for  a  great  deal  of  the  uncertainty  ai> 
to  the  homogeneity  of  a  large  number  of  proteins 
which  have  oecn  submitted  to  investigation* 

Reference  has  been  already  made  to  the  CO- 
precipitation  of  proteins  by  other  colloids. 

CrysiaUisalion  of  protdriK.  A  numlxr  of 
proteins  are  oapable  of  exisUug  in  crystalline 
forms.  The  so*eaUed  akuione  srains  loond  in 
plant. s  and  first  observed  by  Hartwig  in  1860 
were  sulwequentlv  shown  to  consist  of  pn>tein8, 
and  in  1877  Sohmiedeberg  succeeded  in  ro* 
crystallising  the  aleurone  grains  of  Brazil  nuts. 
Since  that  date  several  proteins  have  been 
obtained  in  er^vatalUne  form.  The  chief  of  these 
arc  serum  and  egg-albumins,  and  oectam  ftlant 
globulins  {see  below),  of  which  edestJn  is  a 
typo.  The  eonju^at<d  protein  ba-'moglobin 
can  also  be  obtained  in  crystalline  form.  iCgg 
and  scrum  albumhis  ai«  obtained  in  crystaK 
line  form  by  mixitsp  .enliitions  of  egg  and  scrum 
proteins  with  an  equal  bulk  of  concentratetl 
ammonium  sulphate,  filtering  off  the  precipitated 
globulins,  anil  then  acidify  ing  the  filtrate,  acetic 
acid  being  generally  employed  for  this  purpose 
in  the  case  of  egg-albumiu,  and  sulphuric  acid 
in  the  case  of  serum  albumin.  Xlie  plant  ^pro- 
teins,  such  as  edestin,  can  be  obtamed  in  a 
ery^^ta^i:u•  form  l\v  allnwintr  the  protein  to 
separate  out  slowly  from  a  not  too  concentrated 
(not  more  than  8  p.o.)  saline  solution,  which 
had  been  previously  warme<l  to  60".  r>  p.c. 
sodium  chloride  solution  is  generally  cmplo\ed. 
Many  methods  have  been  suggested  for  the  pre. 
paration  of  haemoglobin  crystals.  One  oi  the 
most  commonly  a<lopted  method.s  is  that  of 
diluting  a  hssmoglobin  solution  with  one  fourth 
its  volume  of  alcohol  and  cooling  the  mixture  to 
0^,  when  orvstals  separate  out.  There  is  a 
con.s'iderable  literature  dealing  with  thi  i  r}  .-tnl- 
iisation  of  prr»tetii»i,  and  much  discussion  to 
the  natun>  of  the  crvstnb,  whi^  do  not  behave 
entirely  like  llio  c  of  Kirapler  subttanrr?.  It  is 
also  not  known  u  bet  her  the  jiatural  pioteiujj 
undergo  any  kind  of  chemical  change  dmina 
the  course  of  orvstallisation.  In  the  case  ol 
egg>albumin,  it  has  been  thought  that  the 
crystaUiacd  protein  is  a  salt,  and  its  *gold 
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number '  (sco  abovtt)  differs  very  appreciably 
fiom  that  of  the  non-crvstnllrsed  protein. 

Other  physical  prnptriir.i  of  ihe  prolein$.  Ibw 
<»f  fill'  other  phyHical  {H-opi  rtios  ctm  bo  regarded 
a«  typical  ol  individual  proteins.  Tkeir  solu* 
tfcma  an  optioaUy  aetiTe,  beii^  UBVo-rotetory 
xith  the  exception  of  hfcmodobin,  which, 
aocurdi£)g  tu  titiuigeo  and  (jroft-Hill,  is  slightly 
dextro-rotatory  ([ali>=»  +  10'4'*).  The  number  of 
veliable  dttcnuinationa  is  small ;  others  contain 
considerable  sources  of  error,  for,  as  the  niulu- 
oular  weiffht  is  large,  very  small  quantities  of 
either  acid  or  alkali  may  convert  the  amphoteric 
•nfaatanoe  into  a  salt,  and  thus  cause  lai^e  errors 
in  determinatiun  of  ph}r8ical  constant^^.  For 
this  leascm,  the  majority  of  pbvaioal  oonstanta 
ace  of  nraetioellv  no  TUne  for  the  oharaetttiaa* 
tion  of  inf!i\  ifh;al  proteins.  Other  phyaical 
oonatants  vvkich  have  been  determiju-d  are 
moleoiibr  weight,  estimated  ehiefly  by  the 
moastircmcnt  of  the  osmotic  pressure  of  a  sohi- 
tiun  contained  in  a  membrane  permeable  to 
crystalloids  and  in  contact  with  water  or  an 
•queoui  Mliitioii»  and  eleotiolYtio  oonduotivity, 
of^^riudi  meararenents  have  bem  made  hi  the 
course  of  investigations  dealing  with  the  salt 
formation  of  proteins.  Much  work  lemaina  to 
tw  done  witii  xefermee  to  ouBotic  pceaBue,  wbioh 
probably  varies  vriih  the  state  of  aggregation  of 
the  protein.  It  is  advisable  to  repeat  here,  that 
the  coagulation  temperature  of  proteins  cannot 
be  ngmad  aa  a  phyaical  constant  (ass  above). 

m.  GL*asDioukii(»r  ov  m  Ftonim. 

Not  sufBoient  is  known  yet  of  the  true 
chemical  struotoxe  of  the  proteins  to  found  a 
rational  olasrifteatioQ  baaed  upon  dHKaieDces 

if  (h'Tnicil  constitution.  The  clasiiitiuation 
adopted  is  tUtreiore  more  or  less  of  an  empirical 
nature,  founded  only  to  a  small  extent  on 
clieniieal  di.«tinf-t ijns,  but  chiefly  on  crude 
diifereuces  in  phynical  propertiee.  A  classittca- 
tion  was  provioionally  adopted  by  a  joint 
committee  of  the  Chemical  and  Pbysiologicn) 
Societies,  and  subsequently  submitted  to  Ameri- 
can phy.«ioIogi.sts  and  chemists,  who  adopted  a 
very  similar  but  somewhat  moro  complete  claeai* 
flcatkm.  The  appended  claarifioation  includes 
the  additions  contained  in  t  he  American  list  which 
were  not  contained  in  the  English  suggestions. 

A.  The  Simple  Proteins. 

(a)  TAs  pnlamiHM.  This  class  is  a  very 
limited  one,  the  members  of  which  are  contained 

oidy  ill  the  testi-s  of  eertuin  ti.ih  in  conjnnction 
with  nucleic  acid.    These  proteins  axe  dis> 
thE^nished  by  their  extrendy  baaio  oharacter  I 
anft  high  percentatrc  of  nitrogen  (25-30  p.o.), 
and  the  laxge  amount  of  diaminu  adds  which 
they  vmU  on  hydrolysis  (80  p.c.  or  more).  They 
can  DO  proci]>itated  frrjm  ba.sie  .s(jlution8  by 
phosphotungiitio    acid    ami   other  alkaloidai 
lea^onts.  i 
(6)  The  kitUmu*  The  members  of  this  class  ' 
ate  less  basfo  than  the  protamines,  but  more  < 
basic  than  lh<-  folluu  ing  olaAs  of  the  albumins.  I 
There  is  no  hard-and-fast  distinction  between  i 
the  thiea  olssses.  Like  the  protammes,  the  I 
histones  aro  nl5*o  for  the  most  pirt  found  in 
<M)mbiuation  Mrith  nucleic  acid  as  nucicoproteins, 
whieti  fonn  tbo  mtolens  of  the  cells.  The! 


histones  contain  17-20  p.c.  nitrogen,  and  yield 
on  hydrolysis  more  diaroino  acids  than  albtt> 
mins,  but  less  than  the  protamines.  They  can 
bo  obtained  from  the  imclei  of  the  blood* 
oocposoles  of  birds,  from  thymus  glands*  and 
from  Hm  ripe  spermatoaoa  of  various  fisli. 

(c)  The  iilhumins.    This  is  a  very  widely 
distributed  class  of  proteins,  the  members  of 
which  aro  solnUa  in  water,  forming'  f^olutions 
which    coagulate    on    heating.    The  animal 
albumins  are  not   precipitated   from  neutral 
solutions  by  saturation  with  sodium  chloride 
I  and  magnesium  sulphate  and  half  saturation 
with  ammonium  sulphate.   In  thu  way  they 
uro  distinguished  from   the   globulins.  The 
albomins  cucived  from  plants  include  generally 
I  those  i»oteins  which  are  solnUe  in  water,  as 
f!iTlini7ii:4n  d    {vm-i    thnvf-    soluble    in  saline 
hoiulions  only,    ibc  soiuliona  of  [plant  proteins 
i  also  coagulate  on  heating,  but,  m  distinetion 
to  animal  albumins,  snmo  of  them  are  procipi« 
,  tatcd  from  aqueous  aolution  bv  half-sattuwtion 
'  with  ammonium  sulphate.  Both  the  animal  and 
I  vegetable  albamins  aro  generaUy  substances  of 
\  amphoteric  reaction,  bemg  boni  wealdf  Mid 
I  and  weakly  basic.   Tbej  contain,  as  a  mle,  about 
t  16  p.0.  nitrogen. 

(<f)  Th«  ^obuUn».   This  class  includes  the 

Eroteins,  which  are  generally  insoluJ  Ie  in  water, 
ut  soluble  iu  valine  solutions  of  luoderatu  con* 
oentration.  They  are  precipitated  by  satura* 
tion  of  their  solutions  viith  sodium  chloride  and 
magnesium  sulphate,  and  by  half -saturation 
with  ammonium  sulphate. 

(e)  The  prolamine*.   The  members  of  this 
olasB  were  formerly  called  the  gliadins.  They  are 
!  the  vt'getable  proteins,  which  aro  insoluble  in 
'  absolute  sdcuhol  or    water,  but   itoluble  in 
diluted  alcohol  (70  p.c.).   Ok  borne  ({(.^ignates 
I  them  aa  prolamines,  as  they  yield  on  hydrolysia 
'  a  relatively  largo  amount  of  proline  and  aui* 
monia. 

( / )  The  gluUlins.   These  are  the  vegetable 
I  proteins,  which  are  insoluble  in  dilute  aJoohol, 
water,  and  salt  .solutions.    They  can  ba  dis* 
solved  by  dilute  acids  and  alkalis. 

(ff)  The  eckropnteina.  The  protdns  of  this 
I  class  wero  formerly  eallrd  flif  aihutniur.iJs, 
Included  in  this  cla^ii  in  a  un^cellaueuus  euUcu- 
tion  of  proteins  of  various  character,  such  as 
horn,  hair,  silk,  gelatin,  &c.  They  are  derived, 
as  the  name  indicates,  chiefly  from  theconnectivo 
and  supporting  tissue,  and  have  no  common 
distinguishing  properties,  which  can  serve  to 
characterise  them  as  a  class.  Gelatin  it 
soluble  in  water,  but  other  membsiB  of  the  class 
are  soluble  in  no  solvents. 

B.  The  Conjugated  Proteins. 

The  proteins  of  iIha  cUhb  aro  found  to  ct>iitain 
groups  which  were  formerly  designated  '  pros- 
fhrtie  groups/  which  do  not  yield  only  amino 
acids  on  hydrui\  sis. 

(a)  The  nw:l<  ojjrokim.  Proteins  found  in 
combination  with  nucleic  acid.  These  are  said 
to  fomn  tlie  drief  constituent  of  nuclei,  and  are 
widely  distributed. 

ifi)  The  ^j/coproUina,  or  proteinH  found  iu 
combination  with  a  carbohydrate  group. 

(r)  Thr  fifvinoglobinM  or  protein.s  found  in 
combination  with  the  cliromaiogeuic  sub>taneo 
hMDin.  HsoK^lobjna  form  the  red  pigment 
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of  blood  of  various  aniniiils.  Certain  pigments 
of  the  algae  are  thought  to  be  allied,  aa  well  as 
pigmente  derived  from  the  blooda  «tf  inyerte* 
hntcs. 

{d)  The  phosplKyprotcim.  These  proteins 
readily  yield  phosphoric  acid  on  gentle  h>diolysis 
with  alkali.  Included  in  this  class  arc  caseino- 
gcn,  thu  chief  protein  of  milk,  and  vitellin  from 
egg-yolk.  It  is  not  certain  whether  this  olan 
BDoald  be  inoladed  amongst  the  oonjagated 
proteiiut. 

((  )  The  lipoproh  im.  Very  little  in  kni)\ni 
with  certainty  aa  to  this  cla«a.  it  cauuot  be 
stated  definitely  wfaethw  tbe  fatty  anbetanoee 

which  are  often  isolated  with  proteins  an*  in 
chemical  combinut  ion  or  only  phvsically  adsorbed. 

U.  The  Derived  Proteins. 

The  iiubstances  included  under  thiu  heacUng 
are  derived  from  proteins  by  hydrolysis  cither 
by  ensymee  or  by  gentle  treatment  with  acid 
and  aUnlis.  They  still  give  some  of  tbe  definite 
piotoin  react  ion.M. 

(a)  2' he  proUans  or  metaproUint,  This  class 
ineludca  thoee  snbstanoea  derived  from  natural 
proteins  by  gentle  treatment  with  Heitl.s  or 
alkalis  at  niudtirate  temperatures  (in  thu  iik- 
oubator).  In  the  former  eaee,  *aoid  albumins  ' 
are  formed,  ^vliich  are  precipitated  from  solution 
on  ueutruUhatiuii,  giving  a,  precipitate  which 
rcdissolvcs  on  addition  of  excess  of  alkali ;  in 
the  latter  case  *  alkali  albumins '  are  formed, 
which  are  precipitated  on  neutralisation  with 
acid,  but  dissolve  on  addition  of  cxces.H.  These 
represent,  perhaps,  the  most  complex  of  the 
hydrolysis  aegradation  products  of  the  proteins. 

(6)  The  coagitlni(:d  protrinM,  The  phenomena 
of  coagulation  have  been  already  d)scu8sc<l. 

(e)  Th€  proietms.  These  substances  arc 
derived  from  proteins  bv  enzymatic  digestion. 
The  proteoses  are  still  soutewiiut  complex 
substances,  and  can  be  precipitated  from  solu- 
tion by  salts,  for  which  purpose  sine  sulphate 


and  ammonium  sulphate  are  generally  employed. 
The  proteoses  give  characteristic  protein  re- 
actions, such  as  the  biuret  reaction,  Mid  are 

not  coagulated  on  hcatinj:. 

(rf)  The  pf.ptones.  Ihese  are.  still  simpler 
hydrolytio  degradatioa  products  of  protein*, 
and  differ  from  the  proteoses  ia  that  they  are 
not  precipitated  from  solutions  by  i>alts,  even 
on  saturation. 

(c)  The  peptides.  Under  this  designation  are 
included  still  simpler  hydrolytic  degradation  pro- 
ducts of  pniteii\s  than  the  p'jitone.s,  sulwtanees, 
for  example,  which  yidd  on  hydrolysis  two  or 
three  ammo  acids  oidy.  There  is  no  hard-and- 
fast  line  of  demarcation  between  this  olas.<<  and 
the  oUsses  containing  the  more  complex  sub- 
stances, such  as  the  peptones.  The  peptides  art* 
conerally  crystalline  Kiilwtanccp.  inhrrras  the 
jKiptones  are  not.  Very  few  peptides  have  uji  to 
the  present  been  isolated  directly  by  hydrolysis 
of  proteins  («ee  E.  Fischer  and  Abderhalaen, 
Ber.  1906.  39,  762.  2315;  1907,  40,  3544: 
Osl)onie  and  Clajtp.  Amer.  Journ.  Physiol.  irH>7, 
18,  123).  A  Jaxffti  number  of  peptides  have, 
however,  been  oDtabned  syifthetioally  by  E. 
Fischer  and  hi.^  p  tjiils.  The  preparation  of 
these  products  imiy  Ix-  regarded  a^i  the  first 
stage  in  protein  svTathesif^. 

In  the  appended  table  is  given  a  list  of  the 
chief  naturally  occurrinc  proteins,  with  their 
origin  and  the  class  to  -wmch  the.v  are  assigiie<i. 
By  reference  to  the  description  of  the  various 
classes  given  above,  a  conception  can  in  most 
cases  be  formed  as  to  the  method  <tf  i.-olation. 
Thus  thealbum<ais  can  be  extracte<i  iroui  nat  ural 
products  by  water,  the  globulins  by  not  too 
concentrated  salt  solutions,  the  prolamines  by 
alcohi'l,  «Vc.  iSome  of  the  proteins  are  insolublo 
in  solv  ents,  .'^uch  as  horn,  silk,  and  Other  sclero- 
proteins.  These  can  be  prepared  by  semrating 
the  other  constituents  of  the  raw  products  by 
extraction  with  water,  acids,  ether.  &C,  vhw 
they  alone  will  remain  undissolved : — 


Thi  Cmm  Katdbai.  Pnornras.' 


VegdMe  Protein*, 

Origin 

ria>* 

Abriu 

Abrus  seeds 

Albumin 

Amandin 

Almonds 

Globulin 

Avenalin 

Oats 

Lkistauin 

Chestnuts 

»» 

Conglutina 

Different  lupins 

n 

Corylin 

Hazebnuts 

M 

Edeetin ' 

Hemp-seed 

n 

Excelsin 

Brazil-nuts 

M 

Globulin 

Bquash'Seeds 

_ »» 

Cbtton  seeds 

Gliadin 

Wheat 

Prolamine 

tilulelin 

tt 

Ghitcliii 

Cilycinin 

Boya-bean 

Globulin 

Hordein 

Barley 

Pt'  tlamine 

Juglasin 

Walnut 

GlubuUn 

Legumelin 

Lentil,  horBe>he«n,  vetoh,  eto. 

Albumin. 

L^min 

>»                        M  tf 

tilobulin,  pcooipitated  by  ^ 

saturatikm  wah  ammonium 

sulphate. 

Jjeucosine 

Wheat 

Albumin 

Maysin 

Make 

Globulin 

Oryzenin 

"Rice  seeds 

Ghifelin 

Phaseolin 

Kidney-bean 

Globulin 

'  Sc>e,  Itowever,  next  paragraph. 
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NlUDEU) 

Phycooyan,'  ffayooeiythrm 

Ricin 

Tubertii 

Vicillin 


Name 

Albumin  of  egg  (ovftlbuiuia) 
Albumin    of    milk  (lMi< 

albumin) 
Albumin  of  wmm 

Bcnce-Jones  protein 

Caaeinogen 

Chondroproteins 

(lupeino 
Co  11a  sen 
(Jonaibu  min  (t) 
Conchioliik 
Comein 

a-  and  /3-CrystftUillJl 

Cydoptertne 

KiMtin 

Fi  brinogcn.  Yields  filnin  On 

clotting 
Ottdtw  histonv 

Gelatin 
Globm 

Qlobulin  of  eg^  (ovoglobulin) 
„        milk  (Ucto- 

global  ta) 
„  serum 

Gorgonin 

U«moglobin 
Histone  of  thymus 

Kcrntiiifl  (various) 
I/O  la  hiKtone 

Myosin  (para  myosinogen) 

Myogcn  (mynsino'.'i'iO 
Mucinii  and  mucuiil.s 


Nndeo  proteins 

Ouuphin 
Roticulin 

Salmine 
Scorn  brine 
J'ilk  gelatin 
Silk  fibroin 
Spongin 
8tarine 

Thyieoslolmliii 
Vitflliin 


Orimn 
Ccrainniin  nlmim 
Castor  bean 
Potato  tuber 

lientil,  hofse'besn,  vetch,  etc. 


Maize 


Anim^  Pnteiwi. 


Origin 


CUh 
Chromoproteins 

Albumin 
Globulin 

Globulin,  pnoi|rit»tecl  by  ^ 
(mturation  with  unmoninm 

Globulin 
Proluuine 


Albumin 


Serum 

Certain  pftthologiosl  uxines 

Milk 

Cartilage,  tcndoas»  etO* 
Testes  of  herring 
Connective  tissue 
Eggs 

Shell  of  lAmellifafanohs 
Coral 

Lens  of  eye 
Testes  of  oyolops 

LuAOMtlittm  llttfiM 

lood 

Testes  of  Gad  us 
Closely  alliinl  to  collagen 
Separated  from  chromo-pcotcin 

of  blood. 
Eggs 
Milk 

Serum 

Skeletal  tissue  Goi*goii»  oavol- 

lini 
Blood 

Thymus  gland 
Hair,  honi,  nails*  etc. 
Testes  of  Lota 
StriSited  muscular  tissue 

M  ♦* 
Various  secreting  gland.s 

(Animal  mucilagenous  substances 

generally) 
Animal  and  vegetable  cells  (sup* 

po»od  coni^tituent  ofnnclettS) 
Onuphis  tubicola  (worm) 
Mucoaa,  small  int«itin«  of  pig, 

c(c. 

Testes  of  salmon 
Testes  of  mackeirel 

Silk 
Silk 

Sfxjngos 

Tcsti'H  of  ftnrgoon 
Th^Toid  gland 
Yolk  of  eggs 


Globulin  (?) 

Pfaosphoprotein 

Qlyoopiotenis 

Protamine 

Seleroprotein 

Albumin 

Sclcroprott'in 

Scleroprultsin 

Globulins  * 

Frotamine 

Seleroprotein 

QIobuDn. 

Histone 

Seleroprotein 
Histone  (?) 

Qlobulin 


Seleroprotein. 

Conjugated  protein 
Histone 

Sr!(Toi>roteine 

Histone 

OlobnUn 

Albumin 

Glycoproteins 


Nuclcoproteins 

Seleroprotein 
»» 

Protamine 
Seleroprotein 


Pro  t«  mine 

Globulin 

FhosphopfoiMD 


IV.  Thb  Sxpabatiok  ako  Ldbntiitcatiov  op 

THE  KaTVKAIi  FBOTDNS* 

One  of  the  chief  difficulties  encc»untere<l  in 
the  investigation  of  the  proteins  is  that  duo  to 
their  separation  from  one  another.  St)  yreat 
has  this  been  that  in  very  many  of  the  eases  it 
is  impossible  to  state  whether  a  aubtitanee 
described  under  a  given  name  is  a  chemical 

>  KyUB,  Zeittch.  pb jsld.  Chem,  im  W,  100. 


entity  or  a  mixtuw.  In  the  case  of  insoluble 
Huli>ta!ii  Huch  fix  the  keratins,  this  .stale- 
meat  can  be  readily  understood.  Jiut  e%'en 
in  the  oaso  of  the  soluble  proteins,  no  iiatis. 

fiictory  method  f<'r  ronipl'  fo  .^i  jiar  itii.ii  <  xi-ts. 
iiii.i  JH  due  to  the  coliuidal  naluif  ul  llit  sul)- 
stanecH,  m»  that  if  one  suhstHntt^  is  wjjaratttl 
from  .solution,  it  will  earry  down  with  it,  in 
Ktate  of  a^borption,  other  hubHtaiicet<,  which  in 
its  absence  would  remain  in  solution.   For  these 
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reasons,  aadin  particular  that  the  identification 
of  an  indiTidualproMn  innot  altogether  easy,  the 
list  of  proteins  given  aboNc  must  bo  regarded 
an  tentative  only.  It  includes,  however,  most 
of  the  piotoins  wkioh  hmve  been  described  under 
varioii-^  TiMTr>( -■. 

Separaiiou  ol  Proteins  from  one  another.— 
A  few  protein^  especially  some  of  vegetable 
origin,  can  be  separated  by  takint?  advantage  of 
the  fact  that  they  are  soluble  in  dilute  alcohol. 
Others  lire  soluble  onlv  in  saline  solution,  and 


twcen  the  empirical  compositions  of  the  proteins 
are  in  the  majority  of  csum^  small  aa  regards  the 
nitrogen,  carbon,  and  hydrogen.  In  a  few  cai^es 
of  the  very  ba«ic  proteins  (the  protamines)  the 
total  nitroiron  is  high.  The  chief  difference  is, 
however,  in  rlio  sulphur  eouftaiit,  which  is  very 
readily  determined  by  ordinary  aoalytkml 
methods.  This  factor  gives  a  neasnre  of  the 
cystine  in  the  molecule,  and  varies  from  0  in 
certain  prot^iins  to  5  p.c.  in  human  Imir.  The 
,  ^.  ,  .  .        ,  nuclcoprotehis    oontain    phosphorus    in  the 

many  ot  the  ^"^otable  proteins,  furthermore,  l  prosthetic  group  ns  nuekl.-  acid,  and  th<  phos^ 


can  be  reoryBtaUised  feom  sneh  sohitions.  Even 

in  this  caao.  as  Oshorne  has  shown,  the  product 


phoprotcins  yield  phuaphoric  acid  on  hydrulyAJs 
at  37°  witli  1  p.e.  Bodinin  hj-droxidc".    A  few 


obtaine<i  is  not  pure,  but  is  a  ihixture  of  the  i  proteiDS  oontaiu  halogens ;  t&e  chief  of  thcso 
pioteui  and  its  salt.  The  ttsnal  method  for  u  the  nrotem  of  the  thyroid  gland  which  con 


separating  from  ono  another  proteins  which 
are  soluble  in  water  is  that  of  fractional  pre- 
cipitation by  salts.  For  evecy  protein  in  a 
given  oonoentration  there  in  a  particular  degree 
of  saturation  for  each  prtcipitatiuy  salt,  at 
whirh  the  protein  commenccfl  to  separate  from 
stilution.  and  a  certain  degree  of  satoration  at 
whidi  the  precipitation  is  eompJetft.  Tiiis 
nieilir.d.  which  has  ^H•en  already  dismissed 
p.  406).  is,  however,  very  imperfect,  and  it  is 
probably  impossible  m  most  oase^  to  obtara  a 
complete  separation  of  two  soluble  proteins. 
A  ornde  separation  of  such  substances 
globulins  from  albumins  can,  however,  be 
sooomidished  (c/.  Wiener,  Zeitsoh.  phwiol. 
Cawam.  74,29). 

The  Identlflcation  of  Proteins.— The  chief 
characteristic  of  individual  proteins  is  the 
number  and  quantity  of  the  Tarious  amino 
acids  which  arc  yielded  on  hydrolysis,  A 
quantitative  hydrulysia  experiment  ia,  however, 
only  possible  when  relatively  laife  amounts  of 
material  are  available,  and  is  an  operation  re- 
quiring a  long  time  for  lU  performance.  It  is 
therefoie  iKcessary  in  most  cases  to  find  some 
physical  and  ohemioal  oonstanta  which  may 
serve  for  identilloation. 

A.  Physical  constants.  Such  well  defiiuHl 
constants  as  boiling-i>oint,  melting-point,  which 
are  used  for  identifying  simpler  substanoes, 
are  not  found  in  the  clsc  of  the  pn^teins.  The 
temperature  of  heat  cuaguiatjou  (p.  404)  has 
been  ahcady  discussed,  and  as  mentioned  above, 
oaonot  be  regarded  as  a  reliable  constant. 
Neither  can  the  optical  rotation,  although  most 
T)rot(.in.s  are  optieally  aetive.  This  is  duo  to  the 
lar^o  molecular  weight  of  the  proteins,  and  also 
their  amphoterie  eharaoter.  whieh  allows  them 
to  form  salts  in  moht  cases  with  acids  or  Lasts 
in  bolution.  A  small  quantity  of  an  acid  or 
base  can  therefore  convert  a  relatively  large 
amount  o£  orotein  into  salt,  and  thus  consider- 
ably alter  the  physical  prujxrtiesof  itasoluLiuu. 
A^.  furtlu  rniorr.  it  is  difficult  to  free  entirely 
protein  solutions  from  electrolytes,  even  after 
]m>longed  dialysis,  it  may  bo  readily  understood 
that  few  determinations  of  physical  constants 
of  protems  are  reliable.  The 


^^  -   most  reliable,  ,  v^. 

perhHi«  as  It  IS  to  a  great  extent  independent '  repeatedly  injected  into 
tiiiff  u  just  mentionrd,  is  (lie  precipi-  yen.  rallv  employed),  th 
taoility  by  Halts,  and  as  has  U-t  i»  i,u«gcsted.  the  .    .    .  r  / 

capacity  for  protcctinK  colloidal  gold  from  pre- 
cipit*tion  (*  gold  numlK-r  ')  {sec  p.  406).  On  the 
whole  the  chemical  methods  arc  the  more  truat- 
worthy  for  identification. 

B.  Vhanical  cowstanU,  The  differenoea 


tains  iodine  ;  this  clement  is  ^Iso  contained  in 
gorgonin,  and  iodine  and  bromine  have  alao 
been  isolated  £rmb  several  otbsr  sobroprotciaa 
derived  from  (he  snppoitaBg  syslem  el  marine 
animals. 

Another  series  of  chemical  constant*  which 
can  be  readily  determined  vi  ith  small  quantities 
of   materials    arc   the   nitrugeu  distrjljuti(»n 
nuiniKTs,   which   are  sometimes   called  the 
*  Haussmann  numbers.'  It  will  be  tememben^ 
that  the  rehtiTe  amounts  of  mono*  amino  and 
diamino  acids  vary  very  Iar^;ely  in  the  di fit  rent 
aii  I  proteins.   The  diamino  acids  are  precipitated 
from  the  hydrolysis  mixture  by  pbosphotungstie 
acid.    Proteins,  furthermore,  yield  on  hydroTyns 
small  quantities  of  ammonia,  which  is  suppmed 
to  be  derived  from  nitrogen  combined  as '  amide,* 
and  which  can  be  readily  estimated  by  niakin<T 
the  hydrolysis  mixture  slightly  alkah'no  (with 
maancsium  hydroxide)  and  distilling  off  in  vacvd. 
The  diatnbution,  therefore,  of  the  total  nitrogen 
of  the  protein  between  the  *  amide'  nitrogen, 
which  can  be  distilled  off  as  ammonia,  the 
amino  acid'  nitrugtn,  which  is  precipitated  by 
phosphotungstic  acid,  and  the  '  mono-amino 
acid    nitrogen,  M'hich  remains  in  the  filtrate 
from  this  precipitate,  is  the  chemical  constant 
of  proteins  which  is  most  readily  detevnined 
and  is  most  characteristic* 

Other  chemical  constants  have  also  been 
8UL:;^c.sted,  as,  for  example,  the  t\Tosino  factor, 
or  the  amount  of  tyTosino  which  a  given  protein 
yields  on  tryptic  digestion)  and  which  is  esti- 
mated by  titration  with  pitaesium  broniate 
bulution,  whereby  the  bromu-t>Tosine  is  formed. 
Histidine  probably  also  reacts  with  bromatOi 
and  the  method  has  not  1>een  found  go  far  to  bo 
entirely  satisfactory.  The  acid  and  basic 
properties  of  the  proteins  also  vary  considerably. 
Except,  however,  in  the  case  <tf  each  st^ngly 
basie  substances  as  the  protamines,  and  such 
stroriLdy  acid  substances  as  easeinogen,  the  acid 
and  basic  functions  can  only  be  determined  vnMx 
difficulty.  Mid  for  this  purpose  phydoal  methods 
must  be  generally  employed  (v.  van  Slj-ke'a 
method  for  estimating  the  hozono  bases  pro- 
duced by  hydrolysis). 

C.  Biological  reactions.    If   a   protein  be 

an  animal  (rabbits  are 
the  serum  of  that  animal 
acquires  the  property  of  precipitating  that 
protein  (antigen).  Tlus  reaction  is  known  as 
the  '  iirecipitin  '  reaction.  The  precipitin  yield- 
ing serum  will  give  the  reaction  only  with 
the  protein  wfaioi  produced  it,  or  ptoteins 
*  See,  however,  footnote,  p.  408. 
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closely  allied.  The  reaction  is  chriractcristic 
rathiT  of  tho  apeoies  of  tho  aniiual  from  which 
the  antigen  is  derived  than  of  its  actual  ohenii< 

cal  chaiaclcri-'tics.  Thus  n  prf'fipitiii-yirl'iinpf 
serum  obtained  by  the  injectiou  of  numan  liltKjd 
into  rabUta  will  give  a  precipitation  witli  uny 

of  tho  proteins  derived  from  the  human  body,  _      ^  ... 

and  if  tUe  rabbit  had  been  properly 'imrauniaed  '  j  alcohol,  whtruby  sodium  nucleate  is  prccipi- 
with  a  Bufficient  number  01  injections  it  will  tated ;  this  is  purified  by  solution  in  wnU-r  and 

repceoipitation  by  akohoL  Tbu  free  acid  can 
be  obtained  from  the  aodinin  tMlt  by  afoohobo 
hv.lrtK-hloric  ;i<i(l.    Nucleic  acid  ia  a  strung 


and  in  now  Lrcm  rally  prepared  directly  from 
tiiwucs,  &o.,  without  previouflly  isolating  tho 
nuclcoprot^in.  Thymua  gland  gives  the  largest 
yield.  Tlie  'j^liMd  ia  boilfxl  with  alkali,  tho 
h  \  drul y  sii*  uiixlurc,  after  solution  of  tho  protoinw, 
nt  utraiiscd  with  acetic  acid,  an<l  tho  filtrate 
from  tho  pn  cipitato  thus  obtained,  tbrowTi  into 


precipitate  theee  proteins  in  very  diluto  solutions. 
Ptoteins  derived  from  a  species  zoologically 
allied  to  a  man.  niuh  as  atUlirojx)i<I  ajx.",  it  will 
precipitate,  but  only  in  more  concentrated 
solutions  than  are  necessary  to  prodvoe  a  pre>  ' 
cipitrtt""  in  I  ho  cn.so  of  protfins  of  human  origin. 
This  '  precipitin  '  reaction  has  been  employed 
praetioally  m  meat  inspsotion  to  determine  the 
rtricrin  of  thn  mnat  in  «ausatjcs  and  other  mrat- 
coutaiiuiig  material,  wlieii  tlio  origui  cannot  be 
aaoertainod  by  direct  inspection.  As  to  the 
ohemical  or  physical  nature  of  the  pceoipitin 
teaotion  little  is  known. 

V.  The  Cokjuoateu  Fboiiimi* 
(a)  The  Nudeoproteins. 

This  important  class  of  pfoteinn  is  found  in 
most  tissues,  the  nudeoproteins  being  generallv 
assumed  to  bo  the  cfili  f  constituent  of  the  cell 
nuclcoa.  They  wcro  iirat  Byatematically  in- 
vestigated by  lliesoher,  who  showed  that  the 
KjMTmatozoa  of  Halmon  and  various  r)ther  fii«h 
were  composed  chieiiy  of  compounds  of  the 
strongly  basic  pnjtamines,  with  an  amorphous 
aei'I  called  nucleic  acid.  Nucleic  acid  is  the 
etwential  uuii-protein  group  in  this  class  of 
omjugatod  proteins,  ami  ia  found  in  combina- 
tion with  other  proteins  than  the  stronglv  batiic 
protamines.  The  nuoleo-proteins  can  be  ex- 
tracted fr(jm  tissues,  ilr.,  Iiy  dilute  salt  siAu 
tiODS  or  very  dUute  alkali.  Frt»m  the  scdutiun 
tllQS obtained  they  can  beprecipitatc<i  by  dilute 
acetic  iicid.  It  is  snmrtimes  advisaMe  to  tiry 
the  tiiiwuerf  before  extracting  by  treating  with 


acid,  which  gives  soluble  alkali  i^aUs  from  solu- 
tions of  which  tho  free  acid  can  be  precipitated 
by  mineral  aciil.<,  but  not  by  acetic  acid.  A 
5  p.o.  feoluliun  of  sodium  nucleate  forms  a  gel. 
On  hydrolysis  with  acids  it  yields  the  follow  nig 
groupsof  substances:  (a)alloxuricba8ee(guanine, 
adenine,  xanthine,  and  hypownthine ;  (b) 
p\Timidino  bases,  cytokine,  uracil,  and  thymine  ; 

Jc)  carbohydrate  deri \  at ives,  formic  and  leovu- 
ic  aoidm,  dccijmposition  prodnets  of  hexose; 
(d)  phosphoric  acid  and  ammonia.  Of  these 
proihictji,  xanthine,  accordmg  to  Steudel,  ia 
a  secondary  decomposition  ^oduet  produeod 
by  tho  action  of  aeicl.s  on  guanine,  with  scission 
ut  ammonia,  and  hyjxixunlliiinj  and  uracil  arc 
in  a  wimilkr  \*'ay  produced  from  adenine  and 
cytosine  respectively.  Steudel  represents  tho 
hydrolysis  of  nucleic  acid  as  follows : 

C«n,|N|40„P4 +8H,0 +  20=CjH5NbO +CgH  ,N  5 

(Guanine)  (Ad  nnn  ) 
4C«H,M«Oa'i-C4H»N,0 +4C,HijO,  +  411^0, 
(Thymine)  (Cytodns)  (Uexoie). 

According  to  this  seheme,  nucleic  acid  is  a 

tetra-n.cta]>ho8phoric  acid,  eontainiiii:  for  each 
atom  of  phosphorus  a  hexose  prou]»  i  convp*iic  the 
glyceropnoapnatcs)  and  one  n;o!e(  ido  of  a  bafic. 
I'.ecent  researclif  s  of  Tievenc  and  ius  pupils  indi- 
cate that  the  ordniary  nucleic  acid  is  formed  by 
the  coupling  up  of  single  groups,  terni<  d  n>u  1«  o- 
tides,  each  of  which  oonaiatsof  a  phosphoric  acid 
residue  combined  with  a  carbohydrate  and  a 


gradually  increasing  concentrations  of  alcohol,  |  »>a»e.    Tho  nucleic  acid  of  tliymtis  woulU  bo 


and  finally  with  absolute  alcohol  and  ether 
On  digesting  nuclooprot<^ins  with  (>nzyme«,  the 
protein  part  of  tho  molecule  ispartially  hydrolysrd 


formed  from  four  such  grouois,  each  containing 
a  different  base.  The  nucleotides  themselves 

can  bo  broken  douii,  acrorflinc;  to  the  meiht)d 


and  a  iesidue,  soluble  in  alkaUs,  but'insohiW©  I  of  hydrolvMs,  into  cumpkxc8  cuniaming  phos- 
—    "        1,  which  is  termed  I  photic  acid  and  a  carbohydrate,  or  mtc 


in  dilute  acetic  acid, »  obtained 

anuclein. 

MudelO  acid.  It  is  important  in  tins  article 
to  give  a  short  account  of  this  aci<l.  which, 
althouL'h  not  a  protrin,  is  found  only  in  com- 
binatiua  with  proteins  to  form  .sul»tancea  of 
great  physiological  importance.  As  to  th(> 
number  of  nuelcic  aoi(ls  and  tho  identity  of 
tho  nucleic  acids  from  various  sources,  nothing 
quite  definite  can  h<-  .si  ited  nt  the  ])ie mt 


  to  com- 
plexes containing  carbohvdrate  and  base  (Ber. 
1908,  41,  llHlii,  U703  ;  1909,  42,  335,  1198,  2474, 
2469.  2703). 

Nucleic  acids  from  yeast,  wheat  embryos, 
and  other  pourecs  have  also  been  inTe«tigat<^. 
C«'rtain  ot!i  r  allied  .substaneeH.  such  Ji^  l'h  >n%  lie 
acid  (from  pancreas)  and  inu^inic  acbd  (trom 
meat  extract)  have  been  dcBcrib^  d,  which  yichl 
on    hvdrolv^i.H   pento'c.^   instead   of  hexo.'^es. 


time,  although  Stoudcl  aflirma  that  the  nucleic  i  These  arc  po««ibly  nucleotides  Uce  ijapera  ol 
acid  obtamed  from  such  different  souxces  as  -i— "i^  ^v^wuV 
fi.h-H]x  rmatosoa  and  thymus  gland  of  calf  axe 


identical 

Nucleic  acid  was  originally  obt>iined  by 
Mieschcr  by  tn-atinc»  the  nucleoprotein  from 
fish  epermato7/)a  with  80<iium  liydroxide  solu- 
tion and  throwing  the  solution  of  t-odium  nucleate 
thiis  obtained  into  an  ioe-oold  solution  of  hydro- 
chloric acid  in  alcohol.  The  operations  muBt 
be  carried  out  rapidh .  as  tlie  nucleic  arid  li 


Levone  already  quoted  above). 

b.  The  Glycoproteins. 


In  thi.s  group  is  included  a  large  number  of 
mucilagenous  substances,  which  are  widely  dis- 
trd'Uied  in  the  animal  kin^'dom.  Included 
amongst  them  are  the  mucins  of  egjj- white 
serum,  salivary  i^ands,  ascitic  flui<l«,  &c.  Thoy 
ire,  for  the  most  jwirl.  precipitated  from  sf.Iu- 


readily  decomposed  by  mineral  acids.  The  acid  tK.ns  by  very  weak  alkali.  i'roiM  rly  s|Kaking 
U,  however,  more  sUble  m  the  proacncc  of  alkalis,  they  should  not  perhaps  he  clawwl  as  conjugated 
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protrinf?.  as  they  yield  on  vigorous  hydfoljrais 
the  umiuo-sugar  glucoiwinmc — 
H  H  OH 

CHt(OH)C— 6-6— CH(NH,)CHO 

du  OH  u 

Thi«i  U  !\  reducing  suUstance.  and  i>  )>rnl)aK?y 
.eombintHl  in  the  molecule  in  a  .similar  way  lo 
that  in  which  the  amino  acids  are  combined, 
and  cannot  bt;  Heparated  from  the  oonjugAtod 
amino  acid  jjroups  by  gentle  treatment  in  the 
5iame  manner,  for  example,  as  globin  can  be  sepa- 
rated itom  iuBino-globin.  It  has  been  already 
titated  that  maily  crade  proteins  give  reaotioiu^ 
characteristic  of  a  carbohy<lraic  ;.'iunp  (icr  Pro- 
tein rtactions).  This  ia  due  to  the  fact  that  the 
erode  proteins  are  often  ooataminated  with 
thci^c  nnir-in-lilco  glyroprtiteins. 

Jn  addition  Uj  these,  another  cla^  of. nub- 
stance  is  also  included  amongst  the  glycoinoteins, 
which  are  derived  chiefly  from  cartilage  and 
tendons.  These  contain  the  group  chondruitin 
sulphuric  acid.  The  constitution  of  this  sub- 
etauoe  is  not  known,  and  very  few  additions  to 
the  knowledge  of  the  chemistry  of  the  cartilage 
substances  has  been  m\i\c  sinre  Si  |uiiii  (M>org  s 
classical  paper  on  the  suliji  «  t  (.Vicluv.  i.  cxp. 
Phth.  Pharm.  1891.  28. 

The  ehemis^try  uf  all  s<uhstances  included 
amongst  the  glycoproteins  may  be  statfd  to  be 
Still  in  a  very  eUnentary  condition. 

c.  The  Hfiemoglobins. 

These  contain  the  pr  .sth.  i lo  frronp  hsemin, 
which  can  be  sepiuatid  m  the  lorm  of  the 
bydioehloridc  hieniittiii  from  the  protein  globin 
by  very  dilute  acid.  The  hasmins  are  appar- 
ently elosely  allied  to  other  natural  pigments, 
ospaoially  chl<»ophyU. 

VL  TBOE  I>xaiVBD  PnOTBINS,  AKD  THE 
HTDBOLYaiS  OF  PbOTBIMS  BY  EnZTHBa. 

Whiht  hydroljniis  with  stronp^  hot  add 

pnlut  ions  Irail-^  to  the  tk-prail  it  ion  i  if  pn  )t t  ins  into 
simple  ammo  aoids,  hydrolysis  with  more  dilute 
aoidd  or  alkalis  at  lower  temperatures  leads  to  the 
formitirm  tif  prnrhirts  in  ivhirh  two  cir  iiKnr 
amino  nculs  remam  conjugated  together,  form- 
ing, according  to  the  d(^[ree  of  oomi^zity, 
peptides,  peptones,  proteoses  (formerly  enllrd 
albumoj<eH),  and  pnitrans  (acid  and  alkali 
albumens).  These  pn.iduets  can  also  be  obtained 
by  hydcolyaifl  with  proteocJastic  enzymes,  which 
are  widely  distributed  both  In  the  animal  and 
V(L'(t iiM''  kiiiL'ilo.-n-.  Tlif  principal  amongst 
the  former  are  p«'P--)in.  from  the  glands  of  the 
stomacht  which  acta  in  acid  solution ;  trj'psin, 
from  the  piTT^rpfi".  «iii<  h  arf<  in  alk-ilinr  solu- 
tion ;  and  er<'i)su),  from  tiu'  siuallnit*  .^ime,  which 
acts  boat  in  nearly  neutral  solution.  Th<> 
different  enzymes  pro<hice  ditferinir  riegrees  of 
hydroly.«is.  each  enzyme  producinj;  a  complex 
mixture.  In  i  I'  v  (  i-cs  only  lui^  a  homo- 
geneous product  formeil  from  the  conjugation 
of  tiro  or  more  amino  acids  been  iaolatecT  from 
tVi<  tll  i  rion  pro<luct>i.  The  hydrolytit;  action 
ut  i>ei>Min  in  the  leai^t  of  the  proteocla^io 
enzymes  of  the  digestive  toact ;  trypsin  has  a 
stronger  hydiolytio  power,  whereas 'eropsin  can 


convert  the  alread}'  relatively  simple  peptones 
into  simple  amino  acids.  The"  separation  of 
the  enrymatic  hydrolysis  products  into  aeparntf 
fractions  is  a  purely  arbitrary  one,  depending 
on  the  precipitation  by  salts  of  variona  con- 
cent mt  [1  ill  -.  TIius.  for  example,  Witto's  pep- 
tones, a  commercial  product,  obtaine<l  l»y  the 
action  of  pepsin  on  jibrin.has  been  separated  into 
the  following  fractions  by  zinc  sulphate  :  frctm 
(2  p.e.  solution):  Fraction  J.,  precipiUiiiu;. 
commences  with  30  p.c.  saturation,  and  is 
complete  at  46  p.e.  ;  Fraction  II..  precipitate 
between  iiS  and  64  )).e.  saturation  ;  Fraction  III., 
jincipiiateil  between  72  and  82  p.e.  sal  urat  inn  ; 
Fraction  IV.,  precipitated  bet^'een  8(i  and  ICKi 
p.e.  saturation.  In  addition  to  these,  the  pro- 
duct also  contains  fraetions  which  are  not  pre- 
cipitated by  salts,  and  gimple  amino  acids.  As 
already  stated,  sepamtion  by  salt  fractionatiott 
is  a  vcrj'  incomplete  process.  Various  namei? 
have  been  given  to  such  fractions  (jinniary 
albumose.  secondtiy  albumoses  A,  B,  and  C  ). 
Similar  arbitrary  sepaiations  by  gra<led  streugth 
of  alcohol  have  also  been  effected.  The  more 
(■()in]>lrx  the  liydruly-^iK  jiroduct^.  the  more 
readily  are  they  precipitated  by  salt  solutions  ; 
hut  little  progress  can  be  expected  in  the  iMla> 
tion  of  tlie  cornplev  intermediary  hydrolysis 
products,  which  still  {xj^tsesa  the  distinct  cha- 
raeteristies  of  proteins,  until  new  methods  for 
the  sepamtion  of  colloids  have  been  discovered. 

Other  methods  for  following  the  course  of 
protein  degradation  by  enr.ymes  have  been 
employed,  amongst  which  may  be  mentioned 
the  meaimremente  of  changes  of  viscosity  and 
electrical  conductivity  of  the  liydrulw^is  mix- 
tures, and  above  all  Sorcnsen's  titration 
method.  V^en  an  amino  aoid  is  treated 
with  formaldehyde,  the  liittrr,  according  to 
Schiff,  acts  on  the  amino  group  to  form  a 
methyteneiniitio  derivative.  This  is  a  fairly 
strong  acid,  owing  to  the  elimination  cf  the 
amino  group,  anfl  cfin  be  titrated  with  aLkalia 
in  the  presence  of  ])henolphthalein.  As  hydroly- 
sis of  tlie  protein  proceeds,  scission  of  amino 
aoids  takes  place  according  to  the  soheme— • 
-CH- NH  CO  T  H  ,0=  -CH-NH,-j-COOH- 
The  hydrolysis  pro<lucts  increase  in  acidity  after 
treatment  with  formaldehyde.  In  this  way  tht.' 
relrttive  nnnil)er  of  amino  groups  set  free  bv 
hydrolysis  can  bo  determined.  Also,  witii 
inereasini^  hydrolvfiis,  the  viscosity  and  eleotnoa] 
conductivity  of  the  mixture  iiHer. 

The  enzymes  liave  a  s>pecial  predilection  for 
c^tain  groups;  thus,  for  example,  the  trjmtie 
enzyme  causes  a  rapid  scission  of  the  tryptophan 
group.  This  specific  action  depends,  furthermore, 
not  only  on  the  chemical  structure  of  the  group, 
but  also  on  the  stereo-cbemieal  configuration  of 
the  groupand  of  the  whole  molecule.  The  action 
ofvarious  proteoclastic  enzvnies  on  the  sjaithetic 
]>olypepticles  has  formed  t)io  subject  of  exhaus- 
tive study  by  Abderhalden  and  his  pupik, 
which  are  descri  bed  in  numerous  IM^peis  (^tach, 
physiol.  Chem.). 

Other  derivatives  of  proteins  have  been 
described  which  are  (  !  ♦  '-ned  by  the  action  of 
chemical  reagents.  Ihtis  the  halogens,  especi- 
ally chlorine  and  bromine,  readily  react  with  the 
proteins.  Nitrous  aeid  also  reacts.  It  is  difficult 
to  say,  however,  whether  the  varioi^  substances 
thus  obtained  are  chemical  entities. 
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Although  genend  protein  ohenustry  may  ho 

still  oonsidcml  in  it*  infancy,  the  litora'ui  r  of  the 
subject  ia  already  ext«osive.  Varioufi  iispecUi 
hATtt,  however,  men  samnKUribed  in  a  largo 
number  of  recent  monographs,  to  M  int  h  the 
reader  is  referred  for  mure  tletaiN-d  nilnrination. 

Bibliogmphy. — -Abderhalden  :  Biochemischo 
Arbcitamethoden,  Berlin,  1010.  Numerous 
articles  on  (ho  methods  of  pruuaration  and 
<.HiiorHl  chemutiy  of  aimple  «na  ccngugated 
pn.)t<'iiis. 

Opp-nhoiflMT :  Handbtieli  dor'  BiodiBDiie, ' 
Jena,  1908.  Also  oontahu  artielei  by  various 
authors. 

Aden  Plimmcr  and  Hopkins  (cilitrd  by), 
Mono<Traphs  on  Binchcmistry.  1908.  R.  H.  AiUt-s 
I'ljmmcr,  ( liumioal  CotuilituUuu  ol  the  I'rott'ins 
(two  partH) :  0«bome,  The  Vegetable  Proteins  ; 
Uchxyver,  The  Geneial  Charaotenof  the  Proteins. 

Soil  Fischer's  oolleoted  papers  (Unt«r- 
mtchunuiri  iilx  r  Ainino'-aun-n,  kv.,  Berlin,  1910) 
deal  chietly  with  the  isolation  and  sytitiiesin  of 
amnio  aeios  and  the  synthesis  of  the  pvptideo. 

S.  S. 

PROTOCAT£CHUI0  ACID.  Six  dihydrozy. 
hensoio  aoids  aro  poisible  tbeoietioally,  and  ul 
an*  knou  D.   Of  tbeee  protooateohuic  aoid  is  the 

most  important.  i 
ProtoeiUeehnie  add,  Z'.^Dihydrox^nzok  ' 

acid.    This  acid  is  of  intcre.><t  from  the  number  . 
of  vejrrtable  prirtciples  from  which  it  may  i 
he  ol)tnined  and  which  may  therefore  be  I 
regarded  as  containing  the  same  grouping  of  the  ^ 
substituted  radicles  in  the  benzene  nucleus. 
It  is  formed  by  fusing  with  potM.-h  nil  of  cloves, 
vaoilliu,  pipcric,  ca£bio,  ferulic,  hemipinic, 
other  ainds,  apiin  (a  snbstanoe  present  m 
parsley),    qucrcetrin,    kalutannin.  Quebracho 
Colorado  gum,  and  a  large  number  of  natural 
resins  (Barth,  Annalen,  154,  364;  150.  232; 
Hlasiwotz  and  Barth.  Hid.  13n.  31fi  ;  134,  277  ; 
139,   78;    Hlasim'tz    and    (irabuvv.ski,  ibid. 
1.39.   9ti;    Hlasiwetz  and  I'fandler.  ibid.  127, 
357;  Hesse,  ibid,  112,  52;  122,  221:  Fittig 
and  Macalpine,  ^vi.  168,  111  ;    Fittig  and 
Remson,  ibid.   159.  129;  Strwker,  ibid.  IIH. 
311;  Ofiermann,  ibid.  280,  24;  Bookett  and 
Wright.  J.,  lB7ft.  SOB;  Kraut  and  BeOder. 
Annalen.  128,  285;   Malein,  ibid.  134,  IIS; 
Perkin,  CTiem.  Soc.  Trans.  1897,  811  ;  1900, 
424 ;  Knox  anrl  Prescott,  J.  Amer.  Chem.  Soc. 
180H,  20.  34;  Arata,  Chcni.  So-,  .\bsfr.  1878. 
986).    It  la  also  formed  by  treat m;^  quinic  acid 
with  the   mould   Micrococcus  chinirua  (Ixiw, 
Ber.  1881,  4fi3;  Emmerling  and  Abderhalden, 
Oeitfr.  Bakt.  P*r.  1903.  10,  337).  Fkotocate- 
ehiiie  Rcid  ma%  l>e  prepart  d  by  <:radtially  adding 
East  Indian  kino  a.«  a  tine  powder  to  3  parts 
of  fused  potash.   ^Vhen  the  mass  becomes  light 
eirarme  in  colour,  it  is  poured  on  to  a  rf>Id  p!afe 
tocoul,  tiun  bruken  up  and  dissolved  in  hot  water 
containing  a  little  dilttto  ea]|lhttric  acid.  After 
Htanding  for  24  hours,  sodium  sulphate  cry«tal- 
liscji  out.    The  liquid  is  fillen-d  off  and  extrncted 
with  ether.  The  ether  is  evaporated  off  and  the 
crude  acid  recrystallised  from  hot  water  (iStea- 
house,  Chem.  8oe.  Trans.  1875.  8).  Acoording 
to  Tfl,i..iw<  f/.  mid  BarUi  ( Anniilcn.  1.30.  3}0).  tlic 
acid  is  best  puritied  by  })re<npitating  the  lead 
■alt  with  lead  tartrate  and  ^ulm-quentlydecom* 
posing  the  salt  with  ^^lllplltlretted  hydrogen. 
It  may  also  be  prc|»arvU  t>^v  heating  1  part  of 


I  eateohol,  4  parts  of  ammonitun  carbonate,  and 

5  parts  of  water  in  sealed  tubes  at  ISO^-HO* 
(Miller,  Chem.  Soe.  Trans.  1882,  399);  by  the 
!  action  of  pota.';siuin  persulphate  on  p^hyditOXV- 
I  benzoic  neid  in  alkaline  solution  (Chem.  Faro, 
j  Scherin^.  D.  li.  P.  812U8;  Frdl.  iv,  121);  by 
!  condenamg  chloraeetic  acid  with  eugenol  and 
I  boating  the  product  with  caustic  alkali  at  230"- 
!  260*»  (Eederer.  D.  R.  P.  80747;  FWl.  W.  151);  by 
j  fusing p-chlor- or  p-brom-m-hvdroxv  benzoic  acid 
I  with  caustic  alkali  at  180^-200^  (Merck.  D.  R.  PP. 
712e0,  744IO;  liVdl.  iti  840;  Ber.  Bef .  18M. 
631).    Protocatechuic  acid  crystallises  in  cr>]'  i:r 
'  less  prismatic  needle.-,  m.j).  199°.  Readily  soiuijie 
i  in  boiling,  li-.-*."*  .m>hible  in  cold  water:  very 
soluble  in  alcohol. less  soluble  iti  ether.  Crystai- 
li.se.<i  from  hot  ^vatcT  with  1  niulceule  of  water  of 
I  crystallisation,  which  it  loses  on  heating  to  105°. 
Heat  of  solution  of  anhydrous  acid.  —5-82  cal. 
(Massol,  Bull.  Soe.  ohim.  lOOO,  [iii.]  23,  231  ; 
Imbert,  ibid.  832  ;  Berthelot  roTiijit.  rend.  101, 
541 ).   Decomposes  on  distillation  or  on  heating 
with  potash  into  carbon  dioxide  and  pyro* 
rat  vJimI.    Bromine  in  the  cold  reacl.i^  to  yield 
broiuuprotocA technic  acid  (Barth,  Amiuleu,  142, 
246),  W  exoew  of  bromine  at  100°  yields 
hydrojipn  bromide,  carbon  dioxide,  and  tetra- 
brumup\TOcatechol     CjH.Br^O^  (StenhouHC, 
Chem.  News.  29,  95 ;  Chem.  Soc.  Trans.  1875, 
7).  l^itcous  aoid  converts  protooatechuic  acid 
into  oxalio  andoarboxytartranicadds(C4H,Og), 
small  quantities  of  jiicric-  ac  id.  2:  l-dinitrophenol, 
3  nitro-p-hydroxy benzoic  acid,  and  djnitru> 
hydroxyquinono  (Gfcmbe,  Ber.   12,  614).  By 
eletrolytic  oxidation  in  dilute  sulphtiric  acid 
solution  oatellagic  acid  is  lurnuil  (A.  ii.  and  F.  M. 
Perkin»  Chem.  Soc.  Trans.  1908,  1196).  By 
heating  protocatechuic  acid  with  2  parts  of 
Ix^nzoic  acid  and  50  of  sulphuric  acid  (66°B.)  at 
140°,  a  deep  lirouri  substance  is  obtaiiieil.  ])ro- 
dttcing  with  mordants  almost  the  same  shadee 
as  wiui  alisarin  ;  it  is  probably  rafiopine 


C,H,(OH), 


:^;g>C.H,(OH), 


(Noelting  and  Bourchart,  Bull.  Soc.  chim.  (ii.] 
37,  394).  By  hi  ititiL'  it  \\ith  pjTocatechol  or 
reaorcinol  and  zinc  chloride  at  150**,  isomeric 
tetrahydroxvdipheTiylketones  are  obtained, 
which  can  be  us.  <I  to  dye  an<l  print  chrome 
monlantcd  cotton  (Farb.  Meister,  Lucius,  and 
Briinmg,  Eng.  Fat,  19847 ;  J.  Soe.  Chem.  Bid. 
1892,  902). 

Protocatechuic  acid  gives  with  ferric  chloride 
an  intense  bhiish*green  colouration,  which  on 
addition  of  sodium  carbonate  changes  to  deep 
red  (r.  slso  PYBOrATBCHOL)  (Lutz,  Chem.  Zeit. 
31,  57  » 

a-Resorc>iiO  acid,  3 : 5'Diiiydroiybenzoic 
add,   Pkepued  by  fusinff   1 :  J» ;  S-disulpho- 

b<'n7oic  acid  with  ]K»t.a.'<h  (Barth  and  Senhofi  r, 
.Annalen.  159.  222;  Hopfgartnor,  Monalnh.  14, 
(585);  m.p.  232°-233°(B.  and  S.),22S»-227°  (If.); 
sparingly  soluble  in  coiri  vsatrr,  v«'rv  w.duble  in 
hot  water,  a|eoht>l,  or  etht  r ;  uive.s  no  colouration 
with  fi  rric  chloride.  On  wnrmin^^  o-rc.«ori  \  h< 
acid  with  4  parts  of  sulphuric  acitl  at  140°,  it 
di.x.'solvefl  wtn  a  deep  red  colour,  addition  of 
uati  r  changes  (he  colour  to  green,  lloeks  of 
anthrachrysonc  C,.IigOg  being  ioruied.  and  if 
It  it  heated  with  benzoic  acid  in  addition  to 
sulphuric  acid,  xrinfhopurpurin  C,  ,H„()  in 
also  iormud.    (Jxidatiuu  with  persulphate  in 
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PROTOCATECHUIC  ACID. 


concontmtod  snlpluiric  acM  ^irca  a  vollow  dye- 
stuff  (Bad.  Ami.  urid  Soda  Fab.  1).  li.  P.  853<J0 ; 
Erdl.  iv.  860).  Azo  dycMtufl^  with  amino-car- 
boxylic  acids  v.  Bayw  aad  Co.  D.  R.  P.  60600 ; 
Frdl.  iii.  620;  bine  oxazine  dyestu&i  with 
nitrosodialkrlanilini's  v.  Bad.  AniL  und  Sodft 
Fab.  D.  a.  P.  67038 ;  Frdl.  iii.  370. 

Pynwatodiol-o-MrboiyUe   mM    2 1  S*Di- 

htjdroxybenzoic  acid.  Prepared  by  fusing  3-i<)<lo- 
saiicylio  aoid  with  potash  (Miller,  Auualen 
220,  126)  or  in  small  quant itiea»  together  with 
protocatcchuic  acid,  by  healing  catechol,  am- 
momum  carlxmato  aad  wausr  at  140*  (Miller, 
■6mL  116},  m.p.  204*. 

Z-meiht/l  ether  (guaiaeolcarhoxylic  acid).  Pro- 
pared  by  the  action  of  carbon  dioxide  on  the 
hot  alkali  salts  of  guaiacol  (Ilfvden.  Nachf.,  D. 
B.  P.  61381 ;  Frdl.  ii.  132) ;  mlp.  162°  (Fritaoh, 
Annfttea,  301. 364). 

/3-ResorcylIc  add,  2  :  i-Dihydroxj/bcn-ok 
acid.  PropariMl  by  fuaing  p-crosolsulphonio  aoid 
with  potash  (Archer,  Annalen,  161,  11);  hf 
hfatin;;  rrsoroiriol  with  amiriDiuiini  carhfinate 
aad  watiT  at  ]20°-13U°  (Bruuiitr  and  ijuuhufcr 
Bor.  1880,  2356) ;  by  fusing  /S-rofwroylaldehydo 
or  umbelliforono  with  potMh  (Tiemana  and 
Reimcr,  Bcr.  1879,  907  ;  Tiemann  aad  Barrmtu. 
»6»<i.  1S80,  23r)S)  ;  by  h«'atiiij^'  20  grms.  resoreiiiol 
vrith  100  graiii.  pota^isium  bicarbonate  and  200 
gms.  water  for  1^  hours  on  the  water- bath, 
saturating  with  hydrogen  chloride  and  extract- 
ing with  ether.  The  ethereal  solution  is  shaken 
withsodium  hydoxide,  the  aqueous  layer  drawn 
off,    noiflifi'd.    and    r«-exf  riclt-d    witli  othor 

iBistrzycki  and  Kustanocki,  Ber.  lUSi5). 
Lp.  (anhydrous)  213*  ;  readily  soluble  in  warm 
wafeer»  almhol,  or  ether  ;  aqueous  aolatioa  iii 
oolonred  violet  on  addition  of  a  little  oaldvm 
ohl  >rid(v  solut  ion,  thf  culoiir  idi muring  to  yollow- 
browa  on  addition  of  more  calcium  chloride. 
For  methylation  v.  Gregor,  Monatah.  16,  882. 

OentislC  acid.  H ifdmiui nontwarhotifUc  acid, 
Quinokarboxijlic  (icid,  '2  :  o  Dihi/drory'jrnz'iicacid. 
Proparod  by  fusing  S-iodosalicyiic  iMjid  with 
potash  (Lautemmn,  Annalon,  12,  311;  Liochti, 
ibid.  Suppl.  7,  144;  Domoli,  Ber.  1874. 
1438;  GoldlKT-.  .1.  pr.  Cin-m.  [n.]  I'j,  :i71  ; 
Miller^  Annalen,  220,  124),  and  similarly  from 
the  bromo  oompound  (Rakowaki  and  ]>ppcrt. 
Ber.  IS".'.  7S91 ;  by  tho  action  of  nitrousariil  on 
6-amiiiu^«iii€yiiti  aeid  (tioldbui^,  l.c) ;  by  fu-sing 
gentisin  with  pota-sh  (HIasiwetz  and  Habermana, 
.\analon,  175,  66);  by  hoatin«;  hydroquinonp, 
potassium  bicarbonate  and  4  part-i  of  water  to 
130*  and  MubBcquenily  treating  it  with  potassium 
sulphite  (SeuhoferandSarlay,  Monatsh.  2,  448); 
by  treating  p-dihydroxyphthalimido  with  strong 
liV'lri I'lilnri"'  ai'id  (Thiclcr  and  Moiaenht-inn-r, 
Bj)r.  1900.  07(1) ;  and  by  oxidising  salioylio  acid 
with  xiobMsiiim  persulphate  in  alkaline  solution 
(Chem.  Fabr.  Schoring.  J).  R.  V.  SI 207:  Frdl. 
iv.  127),  m.p.  200*;  readily  «  )l'il  lr'  in  wattn, 
alooboU  or  ether;  in«>liib|<-  in  chl  'i-jform  an(l 
bonzono  (Tierainn  and  Muller.  Bor.  1S81.  lOSiS). 
Dry  distdlation  yields  carbon  dioxitlo  and  hydro- 
quinone.  Furric  chloride  giviw  a  d-.-ep  blue 
colour;  when  heated,  gentisio  aoid  reduces 
Fehling*s  solution.  Oxidation  with  m^ncr  incsu 
dioxid'-  and  Hulp'i  iri  •  acid.  v.  Juch,  Monatnlj. 
191)5,  2tt.  h:V.}.  Brjmo  derivatives,  v.  liemmel- 
m\vr,  M  *natsh.  1009,  30.  255. 

S'lnet^kthtr  is  propwed  by  treating  the 


'  acid  with  2  mob.  of   potassium  hydroxide 
and  2  moLs.  of  methyl  iodide  (Kostanecki  and 
Tambor,  ibid.  16,  920) ;  m.p.  141*-142^ 
2  :  6-DihydroxybenzoIe  acid.   Formed  to- 

g ether  with  2 : 4-dihydroxy benzoic  acid  by 
eating  ri'sorcinol  with  4  parts  ainrnoiiium 
carbonate  and  6  parts  water  at  120*-130^ 
(Senhofer  and  Branner,  Ber.  1880,  2366); 
decompoiW?  witliout  in'-ltinc;  at  MS'-IH""  into 
carbon  dioxide  and  rcsorciool.  On  adding  a 
small  quantity  of  ferrio  ofaloride  a  Ttolet  colour 
is  producc-d,  ch inching  to  btoa  With  a  further 
quanlitv  of  tlu'  rt.'  itjrnt. 

PROTOSAL  r.  .Sv.VTHETIC  DBUOS. 

PROUSTITE.  or  light  rod-silver  ore  (Ger. 
Lichtes  Ratkgiltigerz :  Spin.  Raider  elaro). 
Silver  sulpharsenite  AgjAsSs  crystallised  in  tho 
rhombohedral  system.  It  iorms  transparont 
soarlet  crystals  with  a  brilliaat  adamantine 
lustre,  which  soon  blacken  on  cxpjsure  to  stin- 
light.  Tho  scarl -t.  streak  serves  to  distinguish 
proostite  fro  m  t \vj  closely  allied  mineral  pyrargy- 
rite  (7.P.).  Hardness  2J;  sp.gr.  ."S-ST.  It  occurs 
in  motaliifurous  veins,  and  at  Chanan  illo  m 
Chile,  and  is  of  importance  as  an  ore  of  silver 
(Ag  65*4  p.c).  Named  after  the  French  oluimist 
J.  L.  Proust  (1754-1826),  who  distinguished  it 
froni      iM  rgjTite.  I*  J,  S» 

PRULAURASIK  v.  Glvcosidks. 

PRUNETIH.  The  bark  of  tho  Prumis 
aerotina  i;  rli.)  contains  a  glucoside  prunitrtn 
C,2H,,0,),41i,0,  fine  neetfies,  which  whoa 
hydrolysed  with  boiling  dilute  hydroohlMie  aeid 
yields  prnnctin  and  glucose. 

Prunetin  CijH^OvOCH,.  colourless  notdlus, 
m.p.  2tt.  dnsotves  in  alkalis  with  a  slight  yellow 
colour,  and  is  srparingly  soluble  in  all  the  usual 
solvents.  Monacfiylprwieiin  C,eH, ,0,1 0^11,0), 
pile  yellow  needles,  in.pw  190  :  diacetylprufutin 
C,,H,«Oi(CjH,0),.  m.p.  224*-226*;  benzojft- 
prundin  Ci,HioOi{CjUsO)t,  needles,  m.p.  216* ; 
mtthylprututin  CisH^O^iOt  II,),.  needlaa  nup. 
146  :  and  arrhilmcthyl  pruneiin 

Cj,ll,0,(OOIi,),C,H,0 

have  been  prepared. 

Fused  w\x}\  raTi=tic  potash  at  250*,  prunetin 
gives  phkirujlu.:inol  and  •p-kydroxyphcnylacetic 
acid. 

Praneld  CtgII(fO«,  oolonrieas  needles,  m.p. 
290*,  is  formed  by  the  demethylation  of  moiMton 
with  hydriodic  acid,  and  yields  aceiyiffUllielol 
CMU,0^(UaU,0),,  and  pruneiol  tiUphate 

C,,H,oOj-lI,SO. 
yellow  needles.  On  methylation  with  methyl 
iodide  pruneiol  dimethyl  ether  identical  with 
prunetin  monomethyl  ether,  and  a  sparingly 
)hible  methyl  ether,  the  acetyl  derivative  of 
which  melts  at  about  186*,  arc  produced  (Fmao- 
more,  Ghent.  Soo.  Trans.  1910.  96,  1102). 

A.  a  P. 

PHUNTSIN  t'.  Gr.rcnsrnBS. 
PRUSSIAN  BLUE  .  .'V AXIOM. 
PRUSSIAN  BJiOWN  0.  Pm-WKXTS. 
PRUSSIAN  RED  or  VENETIAN  RED  v. 

PrOMEVTS. 

PRUSSIATE  OF  POTASH  v.  Cvaniobs. 
PRUSSIC  AOID  V.  CraviDKS. 

P3EUD0CAPR0IC  ACID  v.  CvPROIO  ACIDS. 
PSEUDOCUJttENE  v.  Cumenks. 

PjBDDOflirintfOL  9.  pjtBKoii  ABtn  m 

HoHOLOQirBS. 
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PSILOBUBLANE.  An  aJmntknt  ore  of  nmn- 
gMiete,  zeadUy  dirtinguiahed  from  the  other 
lladcozide8ofiiiMigan«iw(p3n»liinte,in«ngam 

Md  wad)  by  ita  great*  r  hardnew  (H.»m)  and  i 
its  ohanoteristio  mamillaUH),  botryoidal,  and  ' 
stalaetitio  fornu.  It  is  variable  and  complex 
in  composition,  containing  MnO,  MiiO 
3-8,  HjO  3-6  p.c.,  togetner  with  smaller  but 
wi^y  TUjring  amounts  of  barium  (BaO  up  to 
16  pc).  potassium  (K,0  to  6  p.c.).  &c.  Sp.gr. 
3.7-4.7.  Adopting  the  suggestion  of  Laspoyres 
(1876)  of  the  hypothetical  acid  H^MnOj,  L.  L. 
JVomor  (Mem.  GeoL  Survey,  India,  1909, 
xxxviL)  Ngards  the  mineral  as  a  manganate 
with  uie  general  formula — 

mR;'Mn05  +  ?iK;"(MnO,), 
where  R^=Mn.  Ba.  Kj.  H«,  (Fo,  Ca.  Mg,  Na^, 
Co,  Ni.  Cu,  Zn).  and  E"'=Mii,  Fe,  (Al).  L  icroix, 
on  the  other  hand,  places  the  mineral  in  his 
group  of  manganitcs  and  separates  mnaneehite 
(from  RomaiK'chc,  Franco)  as  a  di  tii  Lt  sjH'cies 
with  tho  formiUa  Ut(Mn,Ba)Mu20«,  that  of 
ordhiaiy  pdlomelaae  behig  given  aa 
a;R0yMn0a-2H,0. 
The  name  p^ilomclane  (from  4'jAo's,  naked, 
and  niKas,  biack)  is  descriptive  of  the 
smooth,  black,  and  diiiing  siirfacos  of  the 
mineral,  and  the  German  name  8ehw»rzer  QUu- 
kopf  also  refers  to  this  charaoteristto  appearance. 
The  mineral  has  a  brownish-black  streak,  and 
hcealcB  with  a  smooth  fractuio,  with  sometimes 
indioations  of  a  fibroin  erystalline  straotnre. 
Fcrmor  has  scpaiatod  diatinctly  crystallised 
varieties  of  tho  Indian  mincrul  under  the  name 
hoUandite  (f.*^)*  Bailomolanu  haa  the  same 
mode  of  occurrence  as  pyrohisito  {q.v.),  and  the 
two  mmer^lii  aru  mined  together  in  large  quanti- 
ties.  In  India  it  is  the  most  ahondant  of  the 
mamawMeOTBS.  L.  J.  8. 

niTTACINkTE  V.  Vanadtom. 
PTERITANNIC  ACID  v.  Filix  mas. 
PTOMAUiES.  The  word  'ptomaine'  was 
first  intfoduoed  by  Sehni  to  signify  the  poisonous 
products  of  putrefaction  giving  tho  roictiona 
which  had  hitnerto  been  looked  upon  as  charac- 
teristic of  the  vegetable  alkaloids.  Tho  term 
*  alkaloid  '  was  applied  to  basic  substances 
which  gave  prccipjtttt^'s  with  certain  reagents, 
c^.  potassium  mercury  iodide,  phosphotungstic 
&o.  (*u  art.  V»ibto-auulou>s),  and  a 
ptotnaine  was  a  poisonous  atkal<M  derived  from 
the  action  of  bacteria  on  the  anirnal  lisjiucs  after 
death  ;  many  of  tho  substances  described  under 
the  name,  now&ver,  are  non-poisonous,  and 
though  basic  would  not  be  includc<I  under  tlie 
present  definition  of  alkaloid  as  *  a  basu  which 
contains  a  cyclic  nitrogenous  nuoleos.' 

Ail  early  as  1856,  ranum  had  found  that  a 
toxic  substance  which  was  not  destroyed  on 
boiling,  and  which  was  similar  to  curare  in  its 
phyaiokMnoal  ofoots,  was  present  in  oeitain  septic 
flnids.  Dapri  and  Benoe^Jones  (Zeitsoh.  Chem. 
Pharm.  1800)  deseribod  a  substance  exlracfcd 
from  tho  animal  body  which  gave  the  reactions 
of  an  alkaloid,  and  a  blue  fluorescence  in  sul- 
phuric acid  solution,  and  whiili  tiny  called 
animal  quinoidine.'  About  the  same  time, 
Marquardt  described  an  alkaloidal  sut^tancc 
*septicine,'  which  he  obtained  from  a  corpse, 
and  wliich  gave  reactions  similar  to  tiioso  of 
— -* —    Among  otbnr  wotImtb  vne  Sohmidt* 


andBergmannand  Sell miedelK-rg.  who  deserilxnl  a 
toxic  cmtaJline  substance  '  sepsin,'  which,  when 
injected  into  the  body,  prodnoed  symptoms  of 
8eptica>mia  ;  Zuelzer  ana  Soiinenselu  in  (ISGO) 
who  obtained  a  very  isinail  quantity  of  a  sub- 
stance  resembling  atropine  in  its  phyaiologioal 
action;  and  Roersch  and  Fasbender  (1871)  who 
isolated  a  non-crystalline  substance  with 
properties  similar  to  those  of  digitalm.  Sehni* 
Irom  1873  onwards,  obtained  irom  putrefying 
corpses  and  from  various  proteins  a  number  of 
substances  similar  in  their  physiological  action 
to  the  vegetable  alkaloids  delphminc,  mor- 
phine, muscarine  and  stiTchnnie.  Nenoki(187S) 
isolated  collidino  from  the  putrefactive  products 
of  gelatin  and  pie^area  and  aual^aod  the 
platmidhlofide.  Gautwr  and  Etard  prepared 
the  same  substance  from  putrid  mackerel, 
together  with  another  base  of  formula  C,llijN, 
isomeric  with  parvoline.  The  chief  worker  on 
the  subject  was  Bticmr  (Die  Ptomaine,  Farts  L, 
IL,  III.,  188S  and  1886),  yiho  eUbormted 
methods  of  isolation  and  was  sucoesKful  in  ob- 
taining a  large  number  of  bases  from  putrefying 
horse  and  ox  flesh,  from  various  Idnds  of  fish, 
and  from  corpses.  Among  those  are  included 
mono-,  di-,  and  trimethylaminee,  diethylamine, 
choline,  neurioe,  nsnridine,  gadinine,  cadaverine 
and  putrescino,  saprin  and  muscarine.  Ho  also 
obtained  typhotoxino  from  the  flesh  of  a  victim 
of  typlms  fever,  and  "tetaninc"  from  the  body 
of  a  man  who  hhd  died  of  tetanus. 

There  is  very  little  evidence  that  the  so- 
called  "ptomaine  poisoning"  is  in  general  duo 
to  the  presence  of  poisonous  bases  derived  from 
tho  putrefaction  of  meat  and  other  foodij. 
Vaughan  found  in  cheese  which  ha<l  produced 
pathological  symptoms  in  those  who  had  (lur- 
taken  of  it,  a  poisonous  subetanoe  which  ho 
separated  in  a  crystalline  condition  and  which 
when  injected  into  tho  animal  body  prodnoed 
the  same  symptoms  as  did  the  cheese  from 
which  it  was  derived.  He  called  the  subntanco 
t3rrotoxicon,  but  made  no  analysis  of  it.  Brieger 
i»>latod  from  poisonous  mussels  a  ptomaine 
which  ho  called  mytilotoxine.  In  most  of  tho 
cases  of  ptomaine  poisoning,  liowever,  no 
chemical  examination  of  the  foods  in  question 
has  iK'cn  made,  and  the  diagnosis  has  been  based 
maitdy  on  the  symptoms  or  on  tho  results  of 
bactorial  examination.  The  toxicity  of  extracts 
of  foods  which  have  caused  epidemics  of  poison- 
ing is  geneniM'.-  ii moved  V>y  boiling  (Durham, 
Brit.  iW.  if.  ly'JS).  Brieger  isokted  cadaverine 
and  putroscine  from  pure  onltures  of  pathogenio 
bacteria  ;  these  snbstaooes.  however,  ate  not 
poisonous. 

Of  the  origin  of  ptomaines  in  the  body  very 
little  is  known.    Lecithin  soema  to  be  looked 
upon  as  an  intcrmediato  substance  between 
proteins  and  ptomaines,  and  neurino  and  choUne 
have  been  obtained  as  decomposition  products 
of   lecithin.   Brieger    found    that  different 
pfomaim  s  were  obtained  acconling  to  the  length 
of  time  allowed  for  putrefaction.    Thus  corpses 
which  l»d  ))«H>n  allowed  to  putrefy  for  three 
days  gave  ehieflv  nenridine  ;  after  seven  days 
mcthylamiiio,  and  after  elev<"a  day;*  e,a<laverine 
i  were  the  chief  products.  It  seems  j)roK  i  hie  from 
I  these  resulbi  that  prolonged  treatment  brings 
about  tho  conversion  of  one  baeo  into  another. 
Qautier  separated  ffOQ  fceeb  tissues  a 
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number  of  ttasos  of  the  uric  acid  and  creatimne 
groups,  suinu  of  whioh  have  a  marked  toxio 

effect.  Til  these  subiStAnccH  which  ftrf»  present 
in  tlie  Uniy  as  the  result  ot  ordinary  meta- 
boliam,  he  gave  the  name  leiicomaines,  to 
distinguisli  them  from  the  8ubstance«  fortiKMl  bv 
bacterial  action.  The  cliief  of  thtm  are: 
caniiiie,  adenine,  guanine^  xanthine,  hypo- 
xauthiue,  paeadoxantlune,  oroatinine,  xantho- 
oreatinine,  oruflooreatinme  and  amphkvestiiime. 

Method  of  i«olfiti(/n.  The  methods  used  by 
the  earlier  inveatigatora  were  those  by  which 
the  vegetable  alkdbidii  were  extracted*  the  chief 
of  v  liich  is  known  as  I  ho  Stas-Otto  prorrss  l^rc 
art.  V  KUBTU  A i.K.\LOii>«>).  Brieger's  method,  how- 
ever, seems  to  lx»  the  moet  satisfactory  for  the 
extraction  oi  ptomaines.  The  putrefying  flesh 
is  minced  aa  finely  as  possible  and  boiled  wit  h 
watn .  The  aqueous  extract  is  treated  with  lead 
aootatu  and  hltered,  and  the  filtrate  is  treated 
with  hydrogen  sulphide  to  precipitate  the  exoess 
«»f  Inad.  It  is  ihon  rvfiixirated  and  i  xfnictcd 
with  amyl  alcohol.  The  extract  aft<;r  repeated 
washing  with  >«-ater  iH  concentrated,  naade 
strongly  acid  with  stdjihuric  acid  and  .shaken 
with  ether  to  remove  oxyacidB.  The  buluUun  its 
then  evajKirated  and  volatile  fatty  acids  are 
thus  removed.  The  sulphuric  acid  is  removed 
by  baryta,  and  the  excess  of  baryta  precipitate<l 
by  carbon  dioxide.  Tlie  ptomaiiu  s  are  then 
precipitated  by  addition  of  mercuric  chloride 
with  which  they  form  compounds,  the  preeipitAte 
ih-  fh»r(irnpo-;f-d  by  hydrogen  sulphide,  filtond, 
and  tlu-  Jilt  rate  concentrated.  Inorganic  sub- 
stmces  crystaUise  out  tirst,  and  the  ptomaines 
crvHtalliije  from  the  residual  liquors  or  are  left  as 
nyruiw  on -evaporation.     The  separation  of  the 


1>tomaines  from  one  another  in  accomplished 
»y  fraotjonal  precipiution  or  crystallisation  of 
the  platinichlorides,  *urioUoridee,  or  mercuri' 

chloride.**.  Baumann  and  Udraneky  (Zeitsch. 
physiol.  Chem.  13,  562)  Hcjtaratcd  oadaverine 
and  putreseine  by  the  different  solubilities  of 
I [h  ir  IwnzoyI  drri\ atircs  in  alcohol  and  ether, 
and  this  UKlhtfd  hdn  been  used  by  other 
wjrkerf.  [ 

Of  the  substances  <lc'»oril>e<l  as  ptomaines  by  ^ 
their  discoverers,  the  methyl-  ethyl-  and  propyl  i 
amines  are  de^crilK'd  in  special  articles,  a.s  are  ! 
also  choline  and  the  pyridine  bases  oollidine, 
hydrocoUidine,  and  others  (see  art.  Boim  oil,  i 
vol.  I.).     The  «*arlif  r  known  substances,  unimal 
(|iiuioidine,    scpticine,    ticpsin,    and  various 
others  described  by  later  authorities,  have  not 
Ih'vw  obtained  in  a  p^iro  rf>ndition  and  their 
eomjxisition  is  unknown.    Uf  the  others  the 
foil:  I  winy  are  (he  most  important. 

Cadavsrine  C,Hi4N,.  Ptntamethyhm  di- 
amine. Non -poisonous.  Tsolated  by  Brit-ger. 
J8S5.  Found  also  in  urine  and  in  fa-ces  in  cawn  of 
cystinuria.  Prepared  sptthetically  by  Laden- 
burg  (Ber.  19.  2585)  by  treatment  of  an  ethereal . 
s«iIiitton  nf  trinjethylene  cyanide  with  zinc  ami 
hydrochloric  acid.  Syrup ;  b.p.  17H-V).  Jii.sily 
aolubb  in  water  and  alcohol;  with  ditticulty  iii 
ether.  Forms  well  drline<l  hydrochloride,  , 
mmurichloridcH.  a?id  |>latinichlori«lc ;  also 
oxalates. 

GadlnilW  C;U^«NOt.   Non-poisonouK.  (U. 
tained  together  with  musoarino  from  putrel  ying 
ct)d  (Briefer).    Formula  obt*ined  from  ftnai^*sts 
of  its  piatiutcbloride.  | 


Muscarine  C.HuNO^.  Poisonous.  l>i.s- 
oovered  by  Schmiedeberg  and  Koppo  in  toad- 
stools, and  by  Brieger  in  putrefying  ti>«h.  Has 
been  prepared  synthetically  by  action  of  mono* 
chloraoetal  on  triraethylftmine ;  also  by  oxida- 
tion of  chf)line  bv  nitric  arid.  Henoe  formula 
ubumed  is  CHO'CH^NMcjOH. 

Neuridine   CjHjjNj.    Non-poisonous.  Iso- 
meric with   cadaverine.    Free  ha.«e  vrrv  un- 
stable.   Found  in  fresh  tissues  a«  well  as  m  the 
pnKiucts  ot  putrefaction  of  fish,  cheese,  and 
I  gelatin,    ilydruchloride,  platinichlorides  and 
I  auriohlorides  erystalUse  .Slightly  soluble 

cr;  r  il'i^  ■   picrate  known. 

Neurine  C^Hi^NO.  Poisonous.  Triineih^l 
dntjl  ammoniim  ^fdnxcUe.  Syrup.  Gives 
mtII  crystnlltT^ed  platinkhlortde,  piczate»  and 
mercurichlonde. 

PutresetaeC«H,jN,.  Tdratnetht^ne  diamine, 
CJenerally  found  \nth  cadaverine  in  pntrcf\inf 
tissues.  Preparcil  by  the  action  ot  sodium  on 
alcoholic  ethylene  cyanide.  Crystalline  •  in  p 
27°-2»''j  b.p.  168"-] *K)^  Gives  weU^lefinod 
anrate.  plattniohloride,  and  picrate. 

Saprin  C  Hj^X..  Xon-j^nixHmns.  Isomeric 
with  cttdavcnnc,  from  which  it  differs  by  the 
different  solubility  of  its  platiniohloride. 

Mytilotoxlne  (\}1,,y;0,.  Foun.l  hy  T^rieger 
and  Salkowski  (1887)  in  jjoisotious  mussels. 
Formula  found  from  analvsis  of  its  aurichloride. 

TyphotOXhie  C;H,,NOj.  Obtain*  d  from 
pure  cnltiirr^  of  typhoid  bacillus,  (.iives  auri- 
ciil  i  i'i-  \,  liich  melts  about  176°. 

Tetanine  C.»H^tN,04.  Strongly  alkaline 
yellow  syrup.  Obtained  from  the  flesh  of  a  case 
of  tetanu-.  Ciivrs  deliquescent  platinu  Idorido 
which  dec  >m{)u8es  at  107".  M.  B.  T. 

PTYALIN  V.  DiASTASB. 
PUCHERITE  V.  Vanadii  m 
PULEGENONE,  PULEGONE  v.  Kjjtonks. 
PULMOFORM  V.  Synthetic  dhuos. 
PUMICE,  or  Pumlee-stone.  A  fn  tln  form 
of  volcanic  glass,  formed  by  tbu  i  .xpaufoiun  of 
occluded  u att  r  \ ajMnir  when  the  molten  lava 
flowed  out  at  the  earth's  surface.  The  glass v 
obsidian  (q.v.),  invariably  associated  with 
puniin-.  n  presents  the  same  magma  which  had 
consoltdttt(  d  under  a  somewhat  greater  pressure. 
This  is  prnv(  li  by  the  faci  that  fragments  of 
obsidian  when  he.iti'd  in  a  crucible  to  (he  jxiint 
of  fusion  sudtlenlv  iiwell  up,  and  aro  converted 
into  pumice.  An  artificial  pumice  may  be 
nia<le  iiy  blowing  steam  or  air  through  nuiltrii 
slag  or  glass.  Volcanic  lavasof  various  kinds  amv 
assume  the  pumiceous  form,  but  it  is  only  those 
richer  in  silica  (corresponding  with  rhvolitc  and 
obsidian,  v.Lava)  thatsrteld  a  pnmiceof  economic 
value.  The  following  analyses  arc  given  bv 
C.  P.  Merrill  (The  Non-Metallic  Minerals,  2nd 
etiit..  iniO;:  I.  of  pumice  from  Capodi  Costagna, 
Lipiiri  r-!pinds :  IT.  of  pumice«du8t fitosi  Orleans' 
Harlan  t  o..  >iebra»»ka  : — ■ 


g 
in 
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I.  7i'70  l'££7  £31  0-65  (TM        ♦'25  ItZ  99'42 

II.  60*12       17  t\i      0-80  0-24  e-M  l-«9  4  05  100-24 

Owing  to  its  cellular  stmrtTire,  pumif  e  Roats 
on  water,  but  the  sp.gr.  of  ihe  jiowdered  material 
is  2*3  to  2-4.  Th<!  vesiculea  are  either  round  or 
eiougatcd  (due  to  the  flowing  of  the  lava),  aod 
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the  glass  has  the  form  of  thin  partition!  or 
threads.  It  is  on  this  peculiarity  of  structure 
that  the  abrasive  qualities  of  tho  niiitcrial 
depend.  The  presence  of  minute  crystals  ol 


these  produce  scratehos  on  the  work.  Blocks 
of  pumioe  are  used  for  oleaning  and  smoothing ; 
biat  with  ooaoh-bnilders,  fto.,  i%  is  now,  to  a 
certain  extent,  replaced  by  an  artificiallj"  pre- 
pared stone.  Powdered  pumice  or  punjioe-uust 
la  used  in  the  numufacture  of  metal  polishes 
and  flooming  flOftpa.  This  is  often  mistaken  for 
diatomaceous  earth  or  kiesilgulir  (7. v.),  from 
which  it  may  readily  be  distinguished  under 
the  microscope  (pumioe  powder  consisting  of 
ifvegular,  glassy  fragments)  and  bv  chemloftl 
test«  (kieselguhr  beine  a  hydfated  nam  aolnblc 
in  caustic  soda  solution). 

Pumice  is  found  in  several  volcanic  districts, 
hut  thf  chif'  r  imniercial  source  for  the  better 
ijuaiilies  ui  iiiaLi  rial  is  in  the  Lipari  Islands 
north  of  Sicily.  The  best  material  is  from 
Campo  Bianco,  Monte  Pelato,  and  Monte 
Chinca  on  Lipari.  On  this  iaumd  there  are 
.sttnu;  170  quarries  and  mines  producing  alxjut 
GOUO  tons  of  pumice  per  annum.  The  price 
▼aries  iiom  90  to  3000  lue  per  ton,  being  usually 
35(>  to  500  Ite  for  assorted  material.  An  in- 
ferior grade,  called  '  alt^sandrina,'  is  used  in 
brick-shaped  pieces  for  smoothing  oilcloth. 
SniuII  quantities  of  puniioe  are  also  exported 
from  Teuerifle.  In  the  United  States  enormous 
beds  of  pure  white  pumiee-duat  are  found  over 
wide  areas  in  Nebraska*  Kansas,  California, 
Idaho,  Utah,  South  Dalcota,  Wyominsr,  Oregon. 
Colorado,  Oklahoma,  and  lowa.  'I'lii  nnnual 
produtitiun  amounts  to  about  1U,000  tons,  and 
comes  chiefly  from  Harian  and  Lincoln  counties, 
Nebratika.  This  material  is  of  the  nature  of  a 
volcanic  ash  or  dust,  the  lava  having  been 
Mown  into  lino  fragments  by  the  expanding 
iratcr- vapour  and  scattered  by  the  winds. 
It  is  largely  used  for  polishing  ]xi\\cler3  and 
soaps  ;  other  suggested  ai)plications  are  for  non 


The  entire  seed  yielded  to  li^t  potrolenm 
34*3p.c.  of  oil,  which  was  optically  maotive,  hada 

sp.gr.  of  0-9220  at  20"20"-,  acid  value  3-4,  saponi- 
fication value  lbi^4,  iodine  value  110*7.   It  con- 


felspar.  &o.,  is  detrimental,  since,  being  huder,  |  dated  of  the  glycerides  of  UnoUo  add  (45  p.c), 

oleic  acid  (25  p.c),  md  palmitic  and  stearic 
acids  (30  p.c),  together  with  small  quantities 
of  a  phytosterol  l^,H«,0,  m.p.  162M68*  and 
a  similar  substance,  m.p.  140*. 

From  the  press  cake,  &itei  removal  of  Iho 
oil,  they  obtained  some  soluble  proteid  material, 
siigar»  traces  of  salicylic  aoid  aod  of  copper  and 
about  (VOO  p.0.  of  a  nabu  in  which  th^  found  an 
acid,  CjjH.iO  COOH,  m.p.  99*.  soluble  in  hot 
alcohol  ana  in  ethyl  acetate.  It  yielded  an  ethyl 
ester  melting  at  61*.  Physiological  testa  ^vith 
both  the  fatty  oil  and  the  resin,  showed  that 
neitlier  ]K).4ses^'d  any  value  as  a  tonifu^.  ^ 

PURGATIN  '  Syxthetic  drugs. 
PURINES,     ihe  purines  form  a  group  of 
compoimds,  chiefly  of  animal  or  vegetable 
origin*  containing  the  complex 

I  combination  of  the 


HC— NH 


which  may  l)e  regarded  as 
two  simpler  ring  compounds,  the  pyrimidine  or 
mdaiiazint  and  the  imMiosofe  or  ffijfotMnt 

N=CH 

CH  I'll  U  xCH  »^xinv 

:     I       HC  W  II    II  >CH 

N-€H  C  

Pyrfanldlne.    Imlnssoto.  Poriae. 

The  name  purine  (from  puntm  and  ttn'cum) 
waa  given  by  flsoher  (Ber.  1898,  31,  2560)  to 
the  simplest  member  of  the  series,  obtained 

from  uric  acid  by  a  j)ro(  e.ss  of  reduction.  The 
naturally  occurring  purines  contain  hydroxyl 
or  amino  or  methyl  groups  in  place  of  the 


Water 
90-3 


Protein 
M 


Fat 
0-1 


Soi^r 


other 
N-fr«e 
extraot 
ff-2 


Cnide 
flbte 
hi 


substituted  derivatives,  the  keto  formula  1.  is 
I  >  r  snitafale  than  tho  tantomeiio  enolio 
formula  IL 


conducting  packings,  fireproof  material,  cci^ute.  1  hydrogen  atoms  of  the  purine.  For  the  h yd r. , x  vl 
and  olieaper  glassware.  L.J.  S.      1..  ... 

PUMPKIN,  Cucnrbita  Pcpn  fLinn.).  A  plant 
growing  in  warm  climates,  yielding  largo  fruits 
which  are  used  as  a  vegetable  and  for  stock 
fee<ling.  Mnnj'  varieties  are  known.  Of  the 
whole  fruity  from  50  to  70  p.c.  consists  of  rind 
aad  ssedi^  wliidi  are  not  edible.  Kdnig  gives 
as  the  aveiragie  oompoaition  of  the  fle^h — 


Ubxo  Acid. 


Ash 
0-7 


HN— CO 
0(J  (l-NH\ 

1. 


N=COH 
I  I 


CO 


.VmtTican  analytics  show  a  liigher  water  content, 
93  or  94  p.c. 

Pumpkin  seeds  contain  from  26  to  35  pi.o.  of 
oil.  Power  and  Salway  (J.  Amer.  Chem.  Boo. 
1910,  32,  3*10)  have  examined  the  seeds 
with  a  view  of  discovering  the  constituent 
to  which  the  action  as  a  vermifuge,  which  the 
seeds  posscR'',  is  due.  They  showed  that  no 
constituent  of  ilm  seeds  possessed  any  marked 
physiological  activity  and  conclude  that  any 
medicinal  value  which  they  may  have  mu«t  be 
attributed  to  a  mechanical  effect.  They  found 
(lie  ^eed.4  to  consist  of  20*8  pi.0.  of  husks  and 
'  79*2  p.0.  of  kernels. 
Vou  IV,— T. 


H0<;  C— NHv 
II. 

whilst  the  amino  formula  IIL  is  adopted  for  the 
amino  nilMtitated  derivatives  in  prefexenoe  to 
the  imino  fonnnla  IV. 


N-iC-NH, 

;  i 
HC  C— NH 

1^  II 

N— C  N 

III. 


HN— CtNH 

I 

HC    C— NH 


N— C- 
IV 


CH 


Purine  itself  is  reprceented  by  the  formula  V. 
in  preference  to  formula  \  I.,  and  a  similar 
convention   is   adopted  in    respect   of  its 

2  B 
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derivatives  mibatituted  in  po«Uoiu  other  tb«n 

7,  8,  or  9. 
K»CH  N=CH 


Hc  c—^n 


c — 


CH 


HC 

II  II 

 H  N— O-NU^ 

V.  VL 

The  soune  of  the  natuimlly  oooarriDg  purines 
ia  the  nucleoprDtcinn  of  the  cell  nuclfu^.  Tln'.-'e 
axe  oompounds  of  nucleic  acids  with  Uitlereat 
ptoUboMt  yielding,  on  partial  hydrolyuiH,  the 
protein  and  the  nucleic  acid.  The  nucleic  acids 
are  regarded  as  mono-  ur  poly-nucleotidcs,  i.e. 
oompooilds  of  phosphoric  acid  conjugated  with 
a  complex  oompound  of  a  carbohydrate  (hexose 
ur  pentose)  and  a  base  (purine  or  pyrimidine). 
The  moleeiile  of  yeast  nucleic  acid 

ia  composed  of  four  such  nucleotiilcs  (Levene 
and  JmmIm*  Ber.  1011.  44.  1027).  The  mono* 
inif  lcntido  itumc  arid  (',oHj3\|PO,,  is  n  com- 
pound of  phosphoric  acid,  d-hbme  and  hypo- 
xaathine,  and  oan  be  vepresenled  by  the  formula 
NH— CO 

Js  C—H  C  C— C  O  CH,-0-PO(OH), 

 C— 


H  H  H  H 


I  HO  HO 
1—0 


or 

NH-CO 


H 


C-NH^     ?  ? 


H  H 


c! 

O—N^     ,  HO  HO  I 


o 


(Xicveno  and  Jacobs,  ibid.  7i(i). 

Daring  metaboliNmthe  nudeoprotcids  under- 
go complete  disruption,  yielding  tlir  purine  leases, 
guanine,  adenine,  xanthine  and  li ypoxanthino ; 
and  the  pvtiuiidino  bases,  thymine,  cytosino  and 
onoiL  As  a  resulfc  of  tissue  metabolism, 
every  normal  adult  excretes  a  certain  oharac- 
toristio  amount  (0  1  tn  0  2  szrms.  daily)  of 

Sonne  substauoes  which  is  independent  of  the 
iet,  and  this  may  be  termed  *  endogenous 
urinarj-  purinf  .'  On  ordinary  diet  the  amount 
is  incic.i^ed  by  a  part  of  the  '  nutrition  purine  * 
and  this  may  \)o  termed  '  exogenous  urinary 
purine.'  The  nutrititm  purine  does  not  pass 
wholly  into  the  uunc,  a,  certain  fraction  remains 
in  the  organinm,  the  purine  double  nn;^  being 
broken  down;  thus  on  a  diet  ai  calf's  thymus 
that  contains  0'4  p.c.  of  purine  ettbstances,  the 
percentage  of  'exogenous  miliary  jnuiiu!  '  is 
U'l  p.o.  (Buhau  and  iShur,  Pfliigoc's  Aruhiv. 
1000,  80,  241). 

The  amino-  and  oxy-  piTriiics  occur  in  both 
the  animal  and  vt  gftjiMe  ccuiioiiiv,  but  in  plant 
tis-sut's  there  are  found  ul^i  mt'thyloxypurines 
(caffeine,  theobromine,  etc.).  T\n-  iii<  thvL.xy- 
purincs  (hct<^'roxauthino,  parujuiiithmu)  pre- 
sent in  urine  ia  part  of  the  *  exogenous  urinary 
puhne  '  derived  from  a  vegetable  diet.  Only  a 
small  pro])ortion  of  the  methyl  purine  present 
ill  tlii  food  is  .  xi  rcf<  d  unchanged,  most  of  it 
untiergoc.H  demelhylution  by  a  process  of  oxida- 
tion and  appean  in  the  unne  as  a  lower 
metbylpurine. 


Relation  hetwfen  the  s  ruciure  and  Ihe.  physical 
properties  of  the  purinet.   The  subetitation  ol 
hydroxyl  or  the  amino  group  for  the  hydrogen 
atoms  of  purine  cause«$  an  increase  in  the 
melting-point  and  a  diminution  in  the  solu- 
bility of   the  rnmp<nind  :   thiib  purine  nults 
at  21U%  S-uxypuriiiu  at  UiT  ',  0-amiijopuriue 
(adenine)  at  360*.     Purine  is  readily  soluble, 
(V-03mpurine  (hypoxanthine)  disaolves  in  69*5, 
2!6-dioxypurine   (xanthine)   in    1400,  titS- 
dioxypurino   in   270,  und   trioxypurinc  (uric 
acid)  m  1850  parts  of  boiling  water;  whilst 
6-aminopurine  (adenme)  ia  very  readily  soluble 
in  boiling  water,  6-amino-2-oxypurine,  2-amino- 
6-oxypurine  (guanine)  and  2-amino-0 :  8-dioxy- 
purine  are  very  sparingly  .noluble,  and  2 :  G- 
diamino-8-oxypurine  is  soluble  in  350  parts  of 
boLUng  water.    The  introduction   of  methyl 
groups  causes  a  marked  increase  in  the  solu- 
bility and  a  lowering  of  the  melting-point,  thus 
whibt  xanthine  is  soluble  in  1400  parts  of 
boiling  water,  and  dcromposes  ^^ithout  melting, 
caffeine  (I ;  3 : 7-tnmcthylxanthine)  dissolves  m 
2  parts  of  boiling  water,  melts  at  2S4*->235% 
and  sublimes  with  alight  dcrompofntion  rit  3H4°. 
The  methyl  substituted  purines  aru  also  much 
more  readdy  hydrolysed  than  those  that  are 
not  so  sub.stilutod,  thus  uric  acid  can  be  boUed 
with  e.vccs3  of  normal  alkali  for  a  long  time 
without  undergoing  much  decomposition,  but 
tetrametbylnrio  acid  ia  rapidiy  deoomposed 
even  in  the  oold,  the  mono-,  di-,  and  tri-methyl- 
uric  acids  standiui:  in  int«rinfdiatc  ]K>-<itii>n 
between  the  extremes.    The  {iosition  of  tiio 
methyl  groups  in  the  compound  also  appears  to 
afTcrt  the  ease  with  which  the  dei  omposition 
occurs,  the  1 :3 :9-trimethylunc  acid,  for  example, 
is  much  more  readily  decomposed  than  the 
l:7:9-derivative  (Fischer,  Ber.  1898,  31,  3206). 

Phynclogicnl  action  oj  the.  purines.  The 
action  of  caffeine  and  theobromine  is  twofold, 
in  the  first  place  they  act  on  the  central  nervooa 
system  producing  an  incieaaed  aensilrility  to 
external  .stimulus,  developing  into  tetanus  as 
the  dose  is  increased  and  culminating  in  para- 
lysis when  the  dose  is  large.  Seoondly,  tiiey 
ai  l  on  the  muscles,  facilitating  the  contracti(m 
ui  these  at  first,  but  producing  muscular  iigur 
when  die  dOM  is  larger.  Parallel  with  the 
action  on  the  muscles  is  a  diuretic  action,  the 
two  increasing  together.  The  nervous  acftion 
de]}ends  on  the  presence  of  nitrogen  in  the 
molecule,  for  it  is  exhibited  also  by  ammonia 
and  its  ealts ;  the  muaculaT  action  is  oharacteiis- 
tic  of  the  purine  rin;.'.  Purine  itself  exhibits 
both  actioHK.  Introduction  of  oxygen  or  alkyl 
groups  a  fleets  the  degree  of  the  two  actions 
both  absolutely  and  relatively;  no  re).Milarities 
Could  be  observed  in  this  resjieut,  proUiWy 
ONvinv;  to  the  difference  in  solutnUty  of  the  drugs* 
The  introduction  of  all^loigr  groups  pcoducea  » 
hypnotic  or  narcotio  action  which  may  almost 
mask  the  tetanus  (Schmiedcbcrg,  Ker.  1901,  34, 
2550).  For  preparation  ofjpurine  derivatives  of 
therapeutic  value,  ep.  Itebenfabriher  vorm. 
ITriedr.  Bayer  ft  Co.  D.  R.  P.  209728. 

I  I 

C.N4H«.  CH  0-jm\     ,  was  pre- 
parad  by  Fischer  (Ber.  1807,9(^8908,2220;  1808» 
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SI(  2500)  from  urio  add  by  the  following  smes 
of  reactions:  potasMium  urate  and  pho»phuryl 
ohiorido  at  leO'-lTO"  yield  2:e-dicMoro  S-oxy- 
jttwinr^  which  on  further  lixatiiK-nt  with  cxi  esa 
oi  the  chloride  at  150°-l&6°y  is  cou verted  into 
2i(k94Hehloropurine ;  when  tiiia  is  treated  with 
hjdriodic  acid  and  phosphonium  iodide  at  0**  it 
■nffora  partial  reduction  yielding  2 : 6-<2i-tado- 
jNirtn^,  which  is  completely  reduced  to  purine 
on  iKjiling  with  zinc  (hist  and  water.  The 
flynthe»i.s  ui  puriiio  han  In-cn  effected  by  Isay 
(Ber.  1900,  39,  250)  from  nitruuraiil,  which  is 
oonvcfted  by  phosphoryl  chloride  at  188°  into 
2 :  d'dieiMorO'S'nitr&pyrimidini  ;  this  yields  2- 
chloro-'i  iiilru-i  firninopyrimidinc  liy  the  iutioii 
of  ammonia.  On  reduction  with  hydriodic  acid 
and  phoBphoninmiodide»4:6«d«(imtttopyrMii«ijt^^ 
is  obtiiineil.  The  5-forrayl  derivative  of  this 
baae  loses  water  when  heated  above  198"  yielding 
poiiiie 

CH<N— ^">CNH-CHO 

Purine  is  a  readily  soluble  crvstallinc  com- 
pound, m.p.  iia^'-ai?"  (coiT.).  li  lonns  salts 
both  with  adds  and  bases ;  the  xinc  salt  is  very 

sparingly  huIuMi-  ;  the  nitratr  CjN^H^-HNO, 
melts  and  docomposcs  at  205"^;  the  yellow 
picraie  CP^cH«'C.H,Na07  melts  at  208^  The 
base  is  very  stable  towartl.s  <.txidising  agents 
and  in  oonsequenoe  does  uot  give  tliu  murexide 
iMOtion.  2:6:  %-Trichhropurine  CjNjHCl  „5H  ,0 
becomes  anhydrous  at  110°,  melts  with  de- 
composition ot  IST^-ISQ^  (corr.),  and  dissolves 
in  70  ports  of  hot  water.  2:%-lHiodojmrine 


in  /u  ports 
CbN^UJ.  me 


melts  at  224"  wi'h  <l<  oompoaition. 
Voxtjpurine  C-Njlli  j^O  decomposes 
above  360°  without  raeltins:,  (lissohvs  \n  120 
parUi  of  boiling  alcohol  or  lUOO  parts  of  boiling 
water.  It  3rields  S-<xeypurine  on  reduction,  m.p. 
317°  (oorr.).  C^-Ainino-S-oxy-2-rfil<in>inin'ne  is 
obtained  by  the  action  of  ammonia  ua  the 
diohloro  compound ;  it  carbonise.s  above  360° 
without  melting,  and  yields  the  base  6-amino-8- 
aanfpurine  on  reduction ;  this  is  converted  by 
nitroud  acid  into  i) :  B-dioxypurine,  an  isomeride 
o£  xanthine*  mp.  above  400°  with  decom- 
position. 

The  following  naturally  occurrinu  ittirines 
are  descrilx>d  under  thcii'  respective  titles  in 
oUlcr  parts  of  this  work  : 

Adenine,  Ci  ,  !ni>io}>iin'rte. 

Guanine,  l-uimno-ii-oxypurtnt. 

Hypoxanthine,  6-<M^|>iir>iu; 

Xanthine,  2 :  Q-diozypurine. 
Heteroxanthlne,  l-methyl2 :  S-^tori^pvrtV. 

Paraxanthlne,  1  :~-<iitiitthi/!-2 :  (')  fiioxi/iinrinc. 
nttOphyUiM,  1 :  'i  diiaeUtyl-2 :  Q-dioxy purine. 
nMMramlM,  3 :  7>dm«f       :  f^'diaxypwrint. 

Caffctnp.  !  :  3  :  l-Uivit  th)/I-2 :  d  diocBypturine. 
Uric  acid,  2:0:  a-trivxy purine, 

Ot  Jkt  w« 
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PURPLE  OF  CASSTUS  r.  (loLD  PtTBPLK. 
PURPLE  OF  MOLLUSCA  v.  Pmpu  ov  jam 

AJiciENTs ;  Pnwicrx ;  Indioo. 

PURPLE  OF  THE  ANCIENTS.  The  ancients 
derived  their  purple  from  certain  molluscs  or  sea- 
snails,  the  Pttrpwn  kameulcma,  kno^  to  Hiny  as 

B  -  .  and  from  the  Murex  brandarie,  talli d 
by  i'liny  Purpura.  At  Athens  and  Pompeii, 
large  quantities  of  the  shells  have  b(H.>n  discovered 
lying  in  heaps  close  to  ancient  dye\vorks.  These 
molluscs  are  to  be  found  throufjhout  the  whole 
of  the  Mediterranean,  and,  indeed,  in  the  sea 
in  numerous  parts  of  the  world  varieties  exist 
which  may  tie  employed  for  dyeing  purposes. 
T\s  (j  hort.s  of  purple,  known  as  Tyrian  and  Byzan- 
tium purple,  were  reoocoised  by  the  ancients,  the 
former  possessing  a  redder  tint  than  the  latter. 

From  the  observations  of  Colo  (Phil.  Tran?. 
1685),  Rdaumur  (Mem.  dc  I'Aoad.  Hoyale  des 
Sciences,  1711),  and  Bancroft  (Philosophy  of 
IVrniaiH  iit  Gjlonrs,  1,  120,  JHfi3l,  it  appears 
that  the  toluux-i>roducing  .secretion,  which  re- 
sembles pus  in  appearance  and  consistence, 
oontainea  in  a  small  whitish  cyst  or  vein,  placed 
transversely  under,  but  in  immediate  oontaet 
with,  the  shell,  and  near  the  head  of  the  animal. 
This  pos-liko  matter,  either  diluted  with  water 
or  miaihited,  on  being  applied  to  bits  of  whits 
linen  or  calico  and  exposed  to  sunlight  rapidly 
changes  its  colour,  passing  from  yellow,  through 
light  green,  deep  green,  and  '  watchet  hhie.'  to 
purplish-rcd  or  crimson.  To  produce  this 
change  of  colour  the  light  of  the  sun  is  essential. 
It  is  effected  more  rapidly  by  the  direct  action 
of  the  sun's  rays  than  by  that  of  diffused  light, 
bat  it  does  not  take  plaoe  in  moonlight  or  in 
artificial  light.  If  the  liru  n  or  other  fal)ric  to 
which  the  secretion  has  been  applied  is  kept  in 
the  dark,  it  remains  nnohaaged,  |>ut  when  ex> 
posed  to  the  sun  it  bocomcs  purple,  even  aft^rr 
the  lapse  of  yearn,  thoui^li  a  little  more  bluwly 
than  at  first.  The  metamorphosis  which  the 
change  of  colour  indicates  is  not  sensibly  prr>- 
moted  by  heat.  It  proceeds  in  a  vacuum  and  in 
hydrogen  or  nitrogen  ^^as  as  s^iecdily  as  in  air  on 
expoHiire  tn  light.  The  coloor  produced  is  re- 
markahly  stable,  resisting  the  action  of  soap, 
alkalis,  and  most  aeids,  being  destroyeil  (iiily  by 
nitric  acid  and  chlorine  {ate  also  Bi%ii>.  Ji>um. 
de  Ch.  Med.  1835,  10.  99,  and  A.  and  G.  de 
Netrri,  (la/.z.  ehim.  ital.  ISTH.  437).  Sehunck 
((Jheiu.  Sue.  'J  ranji.  1879,  35,  5'Jl),  who  examined 
the  Purpura  capillus,  which  he  procured  from 
the  rocks  at  Ha.stings,  &ids  that  the  colouring 
matter  (punicin)  is  (juite  insoluble  in  water, 
alcohol,  or  ether,  .sparingly  t^olulile  in  boiling 
bensene  or  boiling  glacial  acetic  acid,  and 
readily  soluble  in  boiling  aniline,  giving  a 
solution  which  is»  nt  first  jn  <  n,  but  as  it  ap. 
prooches  wituration  beeome.s  purpli.sh-bluc.  At 
this  point  it  shows  a  brond,  well-detined  abs^orp- 
tion  band,  Inijinning  near  C  and  extending 
lx»yond  D  ;  but  as  the  solution  ccm)1s.  de}K>8itiug 
the  substance  containe<l  in  it,  the  colour  changsa 
to  green,  and  the  baud  becomes  gradually  nar- 
rower, until  it  occupies  the  »p«c<?  michvay  between 
C  an«l  1),  ami  lie  n  di.saj)p<.-ars.  The  iii  i  -  <  .s  of 
colouring  matter  depositCHi  from  the  solution  in 
aniline  are  seen,  luder  the^ieroscope,  to  eon* 
HiHi  of  stAr-shapcd  groups  of  irn  -ular  crystalline 
needles,  which,  when  very  tlun.  .-^how  liy  trans- 
mitted light  a  purple  colour.  Punicin  is  i>olublo 
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in  oil  of  vitriol,  givint;  a  dirty  purple  colour,  and  .  be  no  doubt  that  it  is  in  nality  6:0'-dibco> 
showing  a  broad  ill-dcliucd  ub«orption-band  be-  moindigutin. 


tween  1)  and  E,  the  green  and  blue  of  the  spec- 
trum being  much  ckrkened.  On  boating  the 
solution  Blightl,\ ,  or  allowing  it  to  stand  for  some 

tiiiif,  the  colour  (!lan^l■.■.  to  tx.  Iiri^^hL  !>Iiiish-^'reen 
and  it  now  shows  an  ab^rption-bund  in  the  red. 
Punicin  is  also  sparingly  dissolved  by  a  hot  alka- 
line solution  of  .«tanii«iu>  (ixiflf,  and  thf  solution 


aiii 


CO  00 

I      r    \C=C(    f     (  « 

NH  NH 
Further  investigation  has  indicated  that  in 
lion  to  this  dibrommdigotin  another  dye 


on  exposure  to  air  beoonie«  covered  wjih  a  blue  ^  qI  jjiu^p  shade  alao  containing  bromine,  but 
pellicle.   Punicin   may   bo  sublimwl,  giviDj;  {  pouegsing  a  greater  solubility  in  orffanio  solvents. 


crystals  which  show  by  reflected  light  a  semi- 
metallic  lustre,  like  that  of  8ublim<*d  indigo-blue 
(Schunck,  I.e.).  Witt  (Technologie  der.Ges- 
pinnatfaaem,  1888)  ejqiiessed  the  opinion  that 
the  oolotiring  matter  yieldetd  by  these  moUttsea 
was  an  adinixture  of  indlLictin  with  •  red 
colouring  matter  not  so  iost  to  light. 

IWedlander  (Annalcn,  351,  390:  Ber.  1900, 
3fV,  lOUO)  [las  examined  the  dye  yi(  Idcd  l)y 
thiiAlurcx  Lrundaris  &nd  Murex  trunculu  -<  wlii(  li 
ho  obtained  from  the  zoological  titatiun  at 
lYieste.  Letellier  (Oompt.  rend.  1891,  1U9,  82) 
had  observed  that,  in  addition  to  the  colouring 
princij)li',  urganic  sulphur  compounds  were  also 
present  in  these  glands,  and  it  suggeste<l  itself, 
therefore,  to  fViedlsnder  as  possible  that  the 
*  piirpir  of  the  aiK  ients*  might  in  reality  oonsist 
of  the  thioiitdigotin 

▼hieh  he  had  lately  discovered. 

To  i'ifjlatf  thr»  cnjotirini.'  matter  the  clmds  of 
the  iiiolliisL's  ut-ri.'  .^idvad  out  as  ilunly  a-^  ]>us,>il)l<.- 
U|K>n  tilter  piju  r,  Avlinh  was  f  In-u  i'X|X).sLd  U)  the- 
sunlight  for  half  an  hour.  J'lu-  hi^ldy  coloured 
product  was  now  iniinerscil  lu  diluted  hydro- 
chloric acid  (1:1),  the  mixture  evaporated  to 
dryness  on  the  water-bath,  the  zesidue  exbcaoted 
with  hot  water,  and  washed  with  alcohol  and 
ether.  In  tliis  niannor  a  product  c<  insisting  only 
of  cellulose  and  the  pure  colouring  matter  was 
obtained,  and  the  latter  oould  m  readily  re- 
movt  d  by  extraction  with  boilinp  unisole.  from 
which  it  iii*}mrates  in  tho  crysUiliiiiu  cuiidilion. 
Finally,  it  was  recrystallised  from  nitrobenzene. 
It  consists  of  dark  violet  crystals  which  pos- 
sess a  coppery  lustre,  dissolves  in  hot,  high- 
boiling  84^1vents  with  a  blue-violet  colour, 
yields  a  sublimate  on  heating,  and  in  numerous 
respects  resembles  the  colouring  matter  of  the 
indiu'i"  u'r«-»uji.    Analv  -i.s  indicated  tlu-  ali.-em  e 


is  produced  from  the  yi'irix  Zrnndnri-'.  It 
contains  more  carbuu  and  lea^i  broininc  than 
dibromindigotin,  but  its  constitution  i.~  us  yet 
undetermined  (fViedl&Dder»  Ghem.  /eit.  1911, 
WO).  A.  G.  P. 

PURPURIC  ACID  r.  Mcrexidi. 
isoPURPURIC  ACID.  When  picric  acid  is 
added  to  a  solution  of  potassium  cyanide,  the 
mixture  heeoines  re(hli>h-brown,  and  finally 
purple.  lUasiwctz  (^Vnnalen,  1859,  110»  289) 
first  Isolated  the  coloured  compound  and  found 
it  to  be  the  potassium  salt  of  an  ncid  whi<  h  he 
considertjd  was  isomeric  with  purpuric  acid  ;  ho 
therefore  gave  it  the  name  of  iaojwrpitnc  aci</, 
and  prepared  the  ammonium,  calcium,  barium, 
lead,  and  silver  salts  by  double  decomposition 
(compare  also  Ba(>yer,  J.  1858,  458).  The 
potassium  aalt  waa  ^rmedy  employed  as  a  dy« 
under  the  name  Qrti^  Brovm. 

The  ('>o[)ur|»urates  are  deeonipef^ed  by  t!io 
action  of  dilute  nitric,  sulphuric,  or  hydrochloric 
acid,  but  the  free  Mopurpurio  acid  has  been 
ifsolated  from  the  ammonium  salt  by  treating  it 
with  one  ecpiivalent  of  phosphoric  acid  at  0*; 
it  iA  dark  violet,  and  readily  decomposed  even 
by  dissolving  in  water  or  in  the  ordinary  organic 
solvents  (Borscho  and  Bocker,  Ber.  1904,  37, 
4388).  According  to  Borsche,  the  constitution 
of  Mo-purpuric  acid  is  2 :  4-dicyano-3 : 5-dinitro- 
6-hydroxy-i8phenylhydroxylBmine  I.  (Ber.  1900. 
33.*27i;t'  lVHI'))  ;  '  luit  Nietzki  and  Petri  (i&irf. 
1900,  33,  ri'gurd  il  as  an  amino  compound 

of  the  constitution  5-hydrozy-6<«mino-2 :  i« 
dinitroMpphthalonitrile  11.' 

CN  CN 


O.N 
HO 


of 


NO,         H.N  ,NOj 
UN  HOI  /'CN 

I.  n. 

The  development  of  the  characteristic  colour 

)Mijiiir)(uri'  aeid  when  picric  acid  is  mixe<l 


of  sulfilmr,  although  nitrogen  was  found  to  be  '  with  au  alkali  cyanide  is  commonly  used  as  a 
present.   The  abiwrptioo  spectrum  is  similar  I  test  for  cyanides.  Beiohard  (Ghem.  Zait.  1901, 

to  that  iriv<n  by  indinrdin;  btit.on  theotherhand.  Sri,  ^iV,)  finds  that  1  part  of  potassium 
it  is  distiiigutsbed  from  this  latter  coiuunng  cyanide  in  2000  ]rirt^  (;f  water  can  be  thus 
matter  by  its  sparing  solubility,  and  by  giving  detected, nlthough  ihe  d.  \  (  lopment  of  the  colour 
with  cold  concentrated  sulphuric  acid  a  reddish-  requin's  24  hours  ;  he  also  find-  that  the  metallic 
violet  colouration.  With  fuming  sulphuric  acid  cyanities,  other  than  those  of  t  h.  alkaUs,  do  not 
it  vi'  h!>  a  soluble  blue  sulphonic  a>  id.  and  when  ^  form  purpurates  with  jHcric  acid. 
rcJuccd  in  alkaline  solution  forms  a  palo  yellow 
liquid,  from  which,  when  exposed  to  air,  it 
separat'  •  as-  a  reddish-violet  precipitate.  In  a 
later  iHijx  r  by  the  same  author  (Ber.  1909,  42, 
some  slight  modifications  of  the  method  for 
Ihe  isolation  of  th(>dye  from  tlii  }ilun  x  hrandaris 
are  given,  and  it  in  showii  thai  in  llub  manner 


for  ejfanogenttic  gluconde«.  Guigoani 
(Compt.  rend.  1900.  142,  545)  has  used  the  re- 
act i'  111  as  a  drlit  uf  e  I  e.st  for  the  |)nM-ncc  of  prussic 
acid  among  the  products  of  hydrolysis  of  sub- 
stances containing  cyanogenetic  gluoosides. 
U.^ing  test-pa p<  r=  prepared  fn)ni  sodium  picmie, 
exposed  to  the  action  of  the  gaseous  products  of 
about  12,000  molluscs  are  required  for  the  pre- 1  hj^iroljais  of  the  material  under  inveatigatioiu 
paration  of  1*4  grms.  of  the  substance.  This  !  tho  presence  of  0  00005  grm.  of  pnissic  acid  can 
oolottiing  matter  contabis  bromine,  and  by  a  |  bo  detected  after  12  hours',  and  0  00002  grm. 
comparison  ivith  tho  aynthetio  dye  thorn  can  '  after  24  hooia*  expoeme. 
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'7/1  Purpuric  tcld.  Pota.ssium  cyanide  forms 
purple  oompoundii  wheu  adcbd  to  a  nitro^iMniol 
oofktaining  at  IsMt  tyro  nitro  gronps  m  the 

molccalf.  which  must  Ix-  in  tho  jurtix  |K).Mition  to 
t)no  another,  and  at  iuast  unu  ul  them  oflho  to 
the  hydroxyl  group.  The  compound  formed  by 
the  iiitcractioii  of  jKit;i.ssiuii\  cyaniiU^  and  2:4- 
dinitrophouulis  the  salt  of  tndaj>uipuTicacid,Q.iid 
M  the  potassium  aali  of  i-niiro-'l-hydroxylamino- 
Z^yanoph^nUt  it  forms  dark  red  noedU>a,  fairly 
readily  sohihle  in  crater  or  acetio  aoid,  sparingly 
8o  in  ace  tone  or  alcohol,  nu  lts  and  dcoonijjo.sfs 
above  2^"*  and  yields  barium,  strontium^  copper, 
mnd  silver  Mtlts  by  double  deoompoflition.  It  ia 
oxitIi-»  (l  by  the  action  of  dilute  nitric  ncid  or 

e Itanium  hypobromite  yielding  2  :  G-dinitro- 
hydroxylx^zonitrile.  rnftoPurpurio  acid  can 
bo  prepared  from  tho  ammoninm  salt  hy  treat iiit: 
it  witn  one  equivalent  of  phujiphunc  acid  lu 
aqueous  solution  at  <»°  ;  it  is  a  dark  red  powxler, 
doooinpose«at92*',yieIdingnitriooxide(Ptaundk*r 
and  Oppenhcim,  Zeitsch.  Cham.  1806,  470; 
S  nil  H  i.  Annalen.  1871,  157,  33;'  ;  Burse  he. 
Bcr.  i9UU,  33, 2718, 2723 :  Bonohe  and  iidckcr, 
fbid.  1908.  36^-4387;  1904.  37.  1848.  4388; 
Bomche  and  Gahrt?.,  ibid.  1J)05.  ns,  351^8  ; 
1906.  39.  33-9 ;  Borsche  and  Heyde,  tbid.  itW5, 
38,  393S 

PURPURIN     V.     ALIZABnr    AND  ALI.1BD 

PURPUBOGALLIN  C^HhO,.  By  treating 
pyngallol  in  acid  solution  with  silver  nitrate 
or  potassium  permanganate.  A.  Oirard  (Ber. 

1869,  2,  562)  obuined  a  re<i  substance  C„H,  ,0„ 
whioh  he  named  purpurogallin.  A.  Wichelhaus 
(Ber.  1872.  6,  848),  by  ondising  oyrogallol  with 
quinone,  obtain<<l  tho  same  sutetanc©  (pyro- 
gallol qulnone),  a,ud  gave  it  the  formula  C,  kH|  4O, 
andtheconstitutionfOHjCgHjl  ()  0  C,H,(0H);1.,. 
Stmvo  (Annalen,  1872.  163,  102)  made  the  in- 
teresting discovery  that  purpurogallin  is  formed 
by  allowing  a  mixture  of  pyroLrallol  and  ^^iiiu 
acabio  solutions  to  stand  in  oontaot  with  air  for 
some  hoQZB.  On  repeating  these  experiments, 
(.lermont  and  Chautard  (J.  1882,  682)  sue- 
ceedod  in  obtaining  a  yield  of  67  p.c,  of 
purpurogallin  by  the  gum  arabio  method. 
These  authors  also  enipfoyed  platinum  black 
aA  oxi'lising  agent,  and  observed  the  production 
of  carbon  dioxide  during  the  formation  of  pur- 
purogallin :  they  describe  a  t«tra-acetyl 
'Jerfvative  CjflH,,0,(C,H,0),.  m.p.  180*,  sodium 
and  liarinm  salts  l',r,Hi  ,Na  ,O,,Cj0H|  jBajO,, 
aad  a  tctrabromo  compound  CuMnBttO^, 
n.p.  S03*-2O4*.  Heated  with  sulphurio  aoid, 
purpurogallin  gave  the;  compotnid  Cj^HijOio, 
and  by  means  of  hydriodic  acid  a  mixturv  of 
hydrooarboos  (CitH|«).  was  formed.  S.  Hooker 
(Bcr.  1887,  20,  3259)  emi)loye<l  pfjtasiaiuni 
ferricyanido  as  tho  oxidising  agent,  the  yield 
l»eing  13  to  14  p.o..  and  also  prepared  purpuro- 
gallin by  the  action  of  pota-sbium  nitrite  on  a 
s^ilution  of  gallic  acid  in  the  cold.  Nietzki  and 
Hteinniann  (ibid.  1887,  20,  1277)  obUiined  tho 
beet  yields  of  purpurogallin  by  treating  a  well- 
eoolfld  aqueous  solution  of  pyrogallol  acidified 

wifh  ai  rtii'  arid,  with  --iiiHuni  nilnt.-.  and  '.vere 
indebtc<l  for  tliii*  method  to  a  privaie  eoninninica- 
tion  from  Ndlting.  As  hy  <li.stillnti(>n  with 
■zinc  du.it  purpurogallin  mmj  funnel  to  yield 
naphthalene,  it  seemed  evident  that  such  a 
miclens  pi»«xiata  in  thin  oom|K>und,  and  it  was 


considered  likely  that  during  the  oxidatlun  of 
the  pyrogallol  some  of  the  benxeuo  nuclei  ate 
split  up,  and  that  oondensatiott  of  the  product 
;  ensues  to  form  this  naphthalene  ring.  Acetyl 
.  purpiurogallin  waa  again  examined,  and  the 
I  formula   CjoHkO,    considered   as  probaUy 
repre.<jf>ntini»  the  colouring  matter  itself. 

Perkm  and  fcitoven  (Cnem.  Soe.  Trans.  1<J(»3, 
83,  192)  obtained  &om  pyrogallol  by  means  of 
potassium  ferrioyanide(Hoo]Mr«^e.)  only  14  p.c. 
of  purpurogallin,  whereas  the  nitrous  acid 
method  {Xiet/ki  and  Steinniann)  gave  from  20 
to  32-5  p.c.  In  tho  latter  case,  20  grms.  of 
pyrogallol  dissolved  in  300  0.0.  of  water  were 
lreat<  (l  with  8  c.c.  of  fjlaciftl  ftcetie  aeid,  tho 
solution  cooled  by  addition  of  ice,  and  slowly 
treated  ■with  8  grms.  of  sodium  nitrite  shaking 
well  after  each  addition.  Tlu'  precipitate  of 
purpurogallin  wan  removed  after  un  hour,  and 
the  filtrate  allowed  to  stand  overnight,  as  fre' 
quently  a  further  quantity  of  the  cobmruig 
matter  then  separated. 

A.  0.  Perkin  and  F.  M.  Perkin  ff'h  ,n.  Soc. 
Trans.  1904,  85,  243)  obtained  purpurogallin 
by  the  eleotroljitio  oxidation  of  pyrogalkil  in 
the  pr  -sencc  of  a  ir>  p.c.  .sohition  of  sodium 
sulphatij,  employing  a  rotating  anode.  8atib- 
factory  results  were  also  obtaine<l  when,  instead 
of  rotating  the  anode,  a  rapid  stream  of  air  was 
blown  through  tho  mi.\turc,  the  yield  thus 
averaging  from  36-4  to  37  p.c. 

When  pyrog^tllol  in  aiooholio  solution  is 
treated  witn  aoetio  aoid  and  Moamyl  nitrite,  it 
gives  a  eompound  CgTI^Oj  or  ^,,11^0,.  c  I  i  ii  1  ss 
prismatic  needles,  m.p,  20ti''-208'*  in  mmute 
amount,  the  acetyl  denvatjve  of  whieh  melts  at 
2S3*-285*'  (P.  and  S.  Chem.  Soc.  Trans.  190«.  HO. 
802).  Aa  on  reduction  with  zinc  dust  and  acetic 
acid  p}Togallol  ie  regenerated,  it  is  possible  that 
this  subatanoe  is  hydroxy«o-benzo4uinone 

O 


( 


:0 


-OH 


Diffcatcd  with  boilins;  water,  purpurogallin, 
a  soluble  oomponnd  C\  ^  1 1 ( ?),  m.p.  242*'-^43*. 

and  a  brown  reain  are  jiroduced.  and  this  result 
renders  it  not  improbable  that  the  compound 
CiH^O,  represents  an  intermediate  stage  in  the 

formation  of  purpurogallin  from  pyrogallol  by 
the  ordinary  metho<is.  Wii  h(  Ihaus  {I.e.),  in- 
deed, predicted  that  tlie  tirst  product  of  the 
oxidation  of  pyrogallol  by  his  methods  is  a 
hy<lroxv-quinone. 

Ruzieka  (  Monatsh.  1010.  31.799),  who  experi- 
mented with  tho  gum  arable  method  of  Cler* 
montand  Chantard  could  obtain  only  a 
24  p.e.  yield  of  purpurogallin  in  this  manner. 

Perkin  and  Steven,  as  the  result  of  crj  o.sconio 
determinations,  oon.sider  that  tho  molecular 
weii^ht  of  purpunigallin  is  IjCft  eTpres.vd  by  tho 
formula  C,,H,Oj,  and  show  that  the  acetyl  and 
bromine  derivatives  descrii"  d  by  C3erni<»nt  and 
Chautard  should  be  respectively  represented  as 
C„H,0,(C,H3()),  and  C.jH.BrA- 

\\  Ik  II  purpurogallin  in  in<>lhylatc-<l  hv  moans 
of  methyl  iodide  jnirpuTogaliin  trimdhyl  dhfr 
C, iHjOjlOCH,)^,  oranu'e -yellow  nwdk'H,  m.p. 
174°-177°.  which  viekh^  the  n((1\!  d.rivativo 


C;,.H40,(OCH3)jCj'liaO  colourirss  ntxdle.^.  m.p. 
140M43*,  is  produced.  A  considerably  better 
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yield  rr\ii  lie  o'lfniiu'd  by  tin-  rm)ili>\ inciit  of 
rocthvi  sulphate  (Pcrkio,  C'bcm.  6oc.  Trans.  1912, 
101,  803).  MiiereM,  Mooiding  to  Rnsacka  (<.«.), 
cliazotnethanc  quantitatively  converts  purpuro- 
gallin  into  tho  trimctbyl  compound.  Digested 
with  alcoholic  potash  »t  170**  purpurogallin 
trimethvl  ether  gives  a  small  quantity  of  an  acid 
C,8H,,6s  (P.  and  S.)  C„H,0,(OCH,),  (R.).  m.p. 
l!)7°-lll'J''  (Clicm.  Sor.  I'roc.  I«K>r).  HI.  liH). 
which  is  in  reality  purviurogaUone  dimethyl  ether. 
Stroni^ly  hoi^sd,  it  yieuk  a  subliinftt«  which  is  an, 
iniliydridi",  m.p.  lOV-lOe**,  and  the  same  com- 
pound is  tormcd  with  bpiliDg  acetic  oohydride. 

By  the  action  of  methyrsolplMte  and  alkali 
on  the  trimcthyl  ottmpotinfl  purpiirngallin- 
ietramfthyl  ether  C',,li40(UCHj)„  prisms,  m.p. 
OS'-OS"  (P.),  91**-92°  (R.)  is  prwluced,  and  from 
this,  by  means  of  alcoholic  potash  at  170*,  a 
small  amount  of  an  acid  can  bo  obtaine<{. 

When  purpurogallin  is  flim  -tf  d  with  50  p.c. 
aqaeouB  potassium  hydroxide  at  about  170**, 
iaopurpttfo^aOoiM  CjjHi^Oio,  yellow  prismatic 
needles  (ni.p.  above  SOtt"),  and  ■purpurogallomt 
C,,H^05,  m.p.  2fi2''-264°,  arc  obtaine<l.  Dis- 
tilled with  7.inc  dust  tho  latter  compound  gives 
naphthalene,  and  wlion  digester!  with  hydriodic 
acid  (sp.gr.  I  T  j  among  other  siibstauctfe  fi-naph- 
thol  and  2 :  'i-dihydroxynaphfhukui'.  are  produced 
(Ui«m.  tioo.  Trans.  1912,  101,  803).  Sulphuric 
ao»d  oonTCcts  wopurpurogaUone  into  anhyaro-iso- 
piiipurofjallone  (',;H,f,(\.  \<  llow  prisni.s 
alxive  310'),  and  with  acetic  anhydride  acetyl- 
anhydro  •  isopurpurogattone  C„IIgO»(C,HjO)4 
coloiirlt'SH  IK  .'(11.  .s,  m.p.  282**,  is  produced. 

isoFurpurogallone  iclramtthyl  Hhcr,  colourless 
needles,  m.p.  211''-213*,  can  l)o  pcepand  by 
means  of  nufhvIsiilphHtf.  Whereas  purpuro- 
;.'aIIimo  is  a  trihydro.wauiphthaleno  carbos^Uc 
a.iil.  /vo])iirpuri:><:all(ino  ia  the  corrospooCUDg 
Uinaphthyl  compound  {ke.  di.  1912). 

FurpurogaUin  eavbox^ieaeid  C, ,  H70g-C00H, 
oratipi^  n-.I  ni^-  rMes  (ni.p.  alxiv..-  3:}0°). is  obtainci 
in  small  quanlity  by  oxidising  gallic  acid  in 
aqueous  solntion  with  potaesiiim  ferrioyanide 
in  the  presence  of  potaa»«ium  or  sodium  acetate. 
Much  larger  aiuounts  arc,  however,  produced  by 
the  electrolytic  oxidation  of  gallic  acid  (A.  G.  and 
F.  M.  Perkin.  Chcm.  Soc.  Trans.  1908,  98,  I18G) 
emplo^nng  sodium  sulphate  (yield  34  p.c.)  or 
so'Iiuni  a( .  tatr  (yield  30-40  p.C.)  as  elAOtloljrtes. 
Sodium  purpurogallin  carborylaie 
C',,H,0,Na,4H,0 
orange•bro^^-n  Icati.  t^:  j'ot'Usium  pttrpWOgl^n 
carbaxylatc  U,,H,0,K,3HjO,  orange-red  pris- 
matic needlpfl;  and  haritim  purpurogallin  car- 

hrnilitf  ff',  dr.O,'i_.P,a  iir.'dle.S;  llUiOlfftpWpvrO- 
gallin  carboxuhit-  /<  Iranulhyl  ether 
("',,H^<i(0Me)4C0.Me 
e<.!nurl'-s  11.  .lies.  m.p.  120*'-121°;  and  purpuro- 
gallin carboxytic  acid  tdramcthi/hlher 

'  (;,,H3()(OMe)4d)OH 
needles,  m.p.  I82°-183°,  have  Im-n  prepared. 

Boiling  aqueous  potassium  hydroxide  (50  p.c.) 
converts  purpurogHllin  carboxvlic  acid  into  pur- 
purogfillotic  carboxylir  urnl  C,  jH,0.,2H,0  yellow 
ncwiles  (in.p.  above  3U0°>,  which  gives  acetyl' 
mhjfdro-purpwmgaitone  tarhor^ic  acid 

colourl.  s-^  ucedics,  m.p.' 236'-23|J*';  mc(hi,l- 
purpuroffuUone  caihmitate  ictramtihyl  elJter 
^|HaO(0Me)4C0«lIe^  oobuiless  prisms,  m.p. 


PnrpgrogaBin . 


PurpuroKallin  ci 
boxylic  add  . 
Pariiurngalloneii 
riirpur.jgalloneciir- 
boxylic  acid 


110*-111*;  and  purpurogaUonc  carhoxylic  acid 
telramethyl  ether  C„U,0(0Mc)4C0011,  ueedlcs, 
m.p.  16«»-167» 

Purpurogallin  and  purpurogallin  carboxylic 
acid  are  powerful  dyestufls,  whereas  the  pur- 
purogallonea  and  ptirpaiogallono  carboxylio 
acid  posseas  a  similar  property,  altluni;:]!  in  a 
loss  marked  degree.  On  moniantcd  wool  tho 
foUowing  shades  are  produced : — 

Chromium  AbmiiUum  Tut  Irtm 
Reddish  Brownbh  Brick  Deen 

chocolate      red       red  black 
browu 

•IBeddish  Reddish  Brick  Brownish 
.1  brown     pnco       red  blade 
.  ,rhr>eo-     Pate     Pale  Cbooo- 
-  f  iate    chocolate  s^sllow  late 

J  brown      brown  brown 

The  fact  that  purpurogal!  in  uu  diKtiilation  wit  h 
»nc  dust  gives  naphtlmlt  tu-  suggests  that  this 
colouring  matter  is  a  /9-naphthoquinone  deriva- 
tive, in  which,  owing  to  the  ready  oxidisability 
t)f  its  alkaline  soluti.m.  a  p\Tiir:alIol  nmJeus  in 
present.  On  the  other  hand,  it«  exact  structuro 
has  not  vet  heen  determined.  A.  6.  P. 

PURPUROXANTHIN  I  :  1^  -  D;or>,>i><thrti. 
qiiinone  v.  Alizarfv  and  auakd  cOLouKiiiu 

MATTER.S. 

PURREB»  PiUBI,  or  PIOURY,  v.  JxmAX 

PUTREFACTION  v.  Fermentatiost. 

PUTTY  POWDER.  Stannic  oxide.  Common 
qualities  of  putty  powder  arc  produced  by 
skimming  tho  surface  of  Iniilin;!;  tin,  the  scum 
so  obtained  beins  then  freed  from  foreign  matter 
and  well  washedTand  ground.  ThB  better  Jdndfr 
arc  nbtainetl  hy  treating  tin  with  nitric  acid,  tl-n 
forming  stannie  oxirle.  XtisusedinenamcMmg  tu 
give  an  opaque  white  oolovr :  it  is  also  employed 

for  polishing.    (  V.  Tts  salts  AKD  OXDlBS.) 

PUZZUOLANA  V.  Ckmknts. 

PYKNOMETER  r.  SPECinc  gkavitv*. 

PYRAMippN  V.  SvxxExno  d&uos. 

PTRAMTHRBIIB  v.  iKDaifrHBXKS. 

PYRANTIN.  Trade  name  for  p-v\h<<\v- 
phenyl-succinimido  [CH.-COjjNC.HvOC.U*, 
prepared  -^by  fusing  the  oydroohloride  of  p- 
aminophenetole  or  phenacetin  with  sucrinic  arid. 
Form.s  Kilourlcsa  prismatic  needles,  mj>.  156*. 
I  si  (1  as  a  fet.rifnge  (Fiutti,  J.  Phaim.  Ghim.  16^ 

298).     V.  SVXTHETTC  DRros. 

PYRARGYRITE,  or  dark-red  silver-ore  (Gcr. 
Dunkles  Jtothgiltigerz ;  Span.  Rt^-^iclrr  obscure). 
Silver  sulpliantimonite,  Ag,8bS»,  crystallised 
in  the  rhombohedral  system.  Well-formed 
crj'Htals  are  not  uncommon  ;   these  are  Maek 
j  with  a  metallic-adamantine  lustre,  but  thin 
splinters  are  translucent  and  dark  red.  TLe 
'  purplish-re<l  ntreak  serve?!  to  distinpuish  pjTarg\'- 
rito  from  the  closely  allied  miiR-rtil  pn)ustite  (q.v.). 
I  Hardness,  2|»  *F^8''*  occurs  in  met^lli- 

i  fetoos  veins,  Mia  is  occasionally  found  insufficient 
lammmtto  be  of  importance  as  an  ore  of  silver 
'.  ( Ais  .~n-n  p.c.)  ;  c.rj.  fornicrly  at  ,\ii<lrrasl«'rg  in 
the  Harz  mountains;  at  Guanajuato  in  Mexico; 
and  nt  Colqnechaca  in  Bolivia.         L.  J.  S. 
PYRAZINE  V.  AziNES. 
PYRAZOLE  t'lH^X.   has   the  structural 
CO  (4) 

 ^H:('H 

formub  (DNHc        i   ,  tho  orientation  of 

:  C  H 
(2)  (3) 

radlcks  within  the  ring  being  dem^iated  by  the 
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nvmbeta  w  »ho^vI1.  It  is  isomeric  with  glyoxalino 
or  tminnzolr,  and  ia  sometime*  termed  a-pyia' 
asole  to  tlwtinguish  it  from  it«  iaomeildAS,  -wliieh 
•le  known  as  iS-p^Tazoles.  Pyrazole  has  been  ; 
preparod  by  •  variety  o£  methods;  thus  by 
the  direct  comMnstaon  of  •oetylene  and  diazo- 

/N  /CH  :  CU  I 

methane     CH;CII+CH/  ||  =NH<         I  I 

■  N  \N  :  CH  j 

(Pcchmann,  Ber.  1898,  31,  2950);  by  the  oou- 
densation  of  c]^chk)rhydrin  with  hydraane  I 
hydrate  in  presence  of  zinc  chloride  (Tialbiano, 
ibid.  1880,  23,  1105) ;  by  the  oxidatitiu  of  a 
oUoioform  solution  of  pyrszolino  with  bromine 
(Curtius  and  Wirsing,  J.  pr.  Clum.  1894,  [ii.]  50, 
544) ;  but  it  is,  ptrhapij,  nio.st  couveniently  pre- 
pared by  heating  pyrazole  di-  or  tri-carlj<)x\  lie 
m  id  or  iU  t-st^r  to  230°-240°.  The  latter  is 
iiseli  readily  obtained  from  ethyl  dift«»oelate 
by  heating  it  with  dimethyl  at  r\  lic  ( stcr  fur 
tveo  hourn  on  »  water-bath,  i'lu-  imulicd 
3:4:  5-pyrajwlin«tTio«rboxyliecst<  r  so  obumed 
i.s  then  hoatrtl  wlh  1  moUculf  bromiiR-  m 
chloroform  solution  when  it  is  luuvcrUii  into 
ethvl  3:4:  S-pvrazolo  tricarboxylate,  ro.p.  71° 
(niiliydrouft,  91").  On  saponification  the  free 
acid  Ls  formed  and  decomposes  at  233°  (Buchncr 
and  Heid«.  Ber.  1901,  34,  347). 

Pvrazolo  fTVstaUiaoe  in  long  needles,  m.p. 
70",  b.p.  1  s7  \  and  is  readily  soluble  in  water. 
It  is  niorts  stablr  and  Iwi.-ic  In  character  than 
nynoie,  and  it  has  the  general  ^•n)iH  rti.s  ut 
an  aromatio  substanoe  (Ktiorr,  ibtd.  1895.  28, 
715).    It  also  pyridine  in  its  double 

salts  with  a  number  of  metallic  chlorides  and 
sulphates,  and  in  the  properties  of  its  alkyl 
derivative-;.  It  forms  salts  with  tlie  halogen, 
milphuriu,  and  picric  acids  (Bochner  and 
Fritach,  Annalen,  1893,  273,  267;  Mandala, 
Gazz.  chim.  iul.  1910,  40,  i.  117).  When 
re<luce<l  it  forms  pvTASoline. 

Treated  with  fuming  sulphuric  acid  it  yields 
a  gulphmate  (Epplor,  Zeit^^eh.  Krist.  1898,  29, 
23S).  Htdogen  (Knorr,  I.e.;  Ber.  1904.  37, 
:  Buchner  and  Frit.sch,  I.e. ;  Mazrara  and 
B«)rgo,  Atti.  R.  Accad.  Lincei,  l90tV[v.]  1"n  >• 
704),  nitro  (Hell  and  Tom-v.  Amer.  (licm.^J. 
181>9,  22,  105 ;  Buchncr,  Annalen,  1893,  273. 
217;  Knorr,  ibid.  1894,  279,  278),  amino 
(Knorr,  Ber.  ■2X.  TIT)),  and  >nlro  JwUxjni 

(Black  and  Hill,  Amor.  Chem.  J.  1!»05,  :VA.  292) 
deriTativee  have  hem  obtained. 

P^Tazole  forms  a  lnr:ze  numl»er  of  alkyl 
derivatives,  the  following  being^  some  of  the 
general  methods  for  their  synthesis : — 

(1)  ^-Diketones  or  3-kptonraldf  hvdp^  of  the 
general  formtila  R-COOHK  CUK  '  (K,  IV,  H 
are  positive  ur  lu  gativo  radicles  or  hydrogen) 
react  with  hydrazine  or  its  primary  aromatic 
ilerivatives,  yielding  hydrazonea  viiich  readily 
undergo  further  oondenmtioa  forming  pyrazole 
derivatives,  thus  : — 

liHR'"-NH,+€OR  CHR '  COR" 

=n,o+NHR'"  N :  CRCHR'-COB  . 
NHR"'-N  t  CR-OHR'  COR ' 

.CR":CR' 
->  NR'"^  f^HjO 
N  :  CR 

This  is  the  k-Mt  and  most  {general  method 
(Knorr,  Annalen,  1887,  238,  137;  see  also 
D.  R.  P.  33636 ;  Knorr  and  Blanks,  Ber.  1885, 


18,  311,  2250;  Ghiicn  and  Roosen.  1891, 

24,  1888). 

(2)  Hydrazine  also  reacts  with  ketones  of 
theformidn  R  C  CHD  R',  and  Mith  aldehydes  and 
ketones  of  formula  R  CO-CR' :  CHE",  to  form 
pyrazolcs  imd  ])vrazolines  (Mooren  and  Braohin, 
Compt.  n  nd.  1903,  136,  1262). 

P\  ra/.olea  containing  an  alkyl  group  attached 
to  nitrogen  are  obtaintKl  by  treat iii«  silver  pyra- 
zole with  ali^l  iodide  or  by  distilling  an  alkyl 
iodide  of  tbe  pyrazole  (Knorr,  Ber.  1896, 28, 716). 

(.1)  Pyrazi)'leearlx)xylie  ostcrs  may  be  formed 
by  the  action  of  diszoacctio  ester  on  acetylene - 
djcarboxylie  ester  (Buohner,  Annalen,  1893, 
273,  214). 

(4)  Acconling  to  Stoermer,  m  razoles  may 
be  obUhied  almost  in  Uieoietical  yield  by  the 
reduction  of  the  pj'nwoUmes  with  phosphorus 
tribromide  (Ber.  1907,  40,  484 ;  Annalen.  1907, 

:i,v2.  :j22). 

(5)  Lactones  o£  the  pjTazole  series  may  lie 
prcjMired  by  condensing  pyrasolonea  Avith  alkyl 
acetoiicetatt'  s  (W..lff  aiid  Schit>iner,  Ber.  1908, 
41,  .550;  Bulowand  »S«  haub,  ibid.  1945). 

(6)  Pyrazole  derivatives  may  be  syntheeised 
by  conde'nsinc  the  phenylhydraz«»ne  of  >)enxalde- 
hydo  or  its  denvatives  with  ethyl  acetoaectate 
in  presence  of  zinc  chloride  (Minunni.  Atti.  R. 
Acca<l.  Lincei.  1905,  [v.J  14,  ii.  414;  ibid.  1900, 
[v.]  1.'}.  i.  19,  136). 

(7)  I'vrazolc  {•iini]Knui<ls  eontanung  acid 
1  groups  attached  to  nitrogen  can  be  obtained  by 
i  condensing  the  sodium  derivatives  of  5-chlorO'3* 

methyl-  and  5  ehloro-3-phenylpyrn/.oleH  with 
halogenated  fativ  esters  (Jlichaeiiii  and  »Schmidt, 
Ber.  1910,  13,  2116). 

Intensely  fluorescent  pvray^>le  drrivativea 
have  been  prepare<l  by  hentin^  4  liNdrazino-l- 
hydroxvanthraquinone  hydioeliioritle  with  ani- 
line an(i  aniline  hytixocldoridc,  and  also  by  heat- 
ing dihydrarinoanthiaquinone  or  1 :  S^ulpho' 
h\ dra/jnn)inf  hrnciuinone  with  hydroohlorio  acid 
(i).  R.  p.  171293). 

The  dJasopyiacoles  n-adily   eouple  with 
]>henols    forming    a?-^    dy*vstutTs.    When  the 
p^Tazoles  obtainctl  from  plunylliy*lra/.incs  are 
reduced  with  sodium  and  alcohol  they  form 
/CHj'CHj 

p\'razolin<*s   NHy         I    ,  which  on  oxida- 

X  :  (H 

lion  with  chromic  or  nitric  acid,  or  with  ferric 
chloride  in  add  solution  form  red  or  blue 

colouring  matters  (Km  rr.  R(  r.  IH'C?.  •_>(?.  liKM. 

The  alkyl  derivaiive.s  ul  pyraiule  arc  too 
numerous  to  be  descrilK^l  in  detail. 

/.i7<m/;/r.-.    'Riiohiirr  and  others.  Ber.  nM>2. 

:{.•">.  :n.  :u.  :{7 ;  Kn-/.  i';it.  22o«>4.  hmh;  .1.  Su-. 

rhi  ni.  Ind.  llH),").  IH  ;  Miehaeli.s  and  Behn,  H<'r. 
190O,  :i3,  2595 ;  MichaeUs  and  Hcpner,  ibid, 
1903.  36,  3271  ;  Sachs  and  AWeben,  ibid.  1907, 
40.664;  Widiciiiis  and  T'.nit.  Annalen.  HW7, 
356,  32;  Michaeli-s  and  Kloi).>*tork,  ihiJ.  :jr>4, 
108;  Auwers.  ibid.  1911,  378,  210;  Mirlmeli«, 
ibid.  293:  Miehaelis  and  l^ehwitz.  li<  r.  t!U().  V.i, 
2106;  Billow,  ihid.  1911,  44,  601  ;  Bauer  and 
l)iet<  rlc.  ibkL  2697 ;  Mohr,  J.  pr.  Chem.  1909, 
[ii.]  71K  I  ;  ^wnongnt  others*. 
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Nil-  (11/ 

parent  sub.^tance  is  not  imown,  and  the  dciiva- 
tive.s,  too.  although  numerous,  have  been  little 
I  investi^tixl  owing  to  their  instability.  They 


Digitized  by  Go 


4S4 


PYRAZOLIDINES. 


may  bo  obtaiin  <l  by  tliu  action  nf  soditim  phcnyl- 
hydrazino  or  its      rivativcs    on  t rimethylene 

bromiilc 

CgH,NH-NHNa+Cfl,BrCH  ^  CH.Br 

■..C,H.K<       I  -l-NaBr+HBr 

-xir  {'IT. 

(MichaolU  and  Lampt?,  Aiinakn,  1S93,  274,  317; 
xrr  nUo  Tafel  and  Pfeffermann,  Ber.  1903,  36, 
221  i  Buchnf  r  and  Perkd,  ibid^  3774 ;  Prager, 
•Ml.  1452  ;  .Fapp  and  Michie,  Ch«in.  Soc.  Tr&iu. 
1903,  307).  'J'hoy  art'  i  iicrt:<  tic  rcducitiij;  agootfl^ 
and  aro  readily  oxidised  to  pyrazoUnes. 

.00— OH, 

FYBAZOUDOm    ]m(  ot 

^NH-UH, 

KH;^^^  ^     ia    obtained    by  agitating 

hydrazine  hydrato  with  acrylic  arid  in  the  cold. 
It  has  b.p.  134%  is  insoluble  in  ho(U  and  in 
roadilv  tranafbfilMd  intO|>3rrazi)IoiK  bv  oxidation 
(Rothonburg,  J.  pr.  Chrm.  1SH7.  [ii.]'r)l.  72). 

The  3-  and  th<*  5-  dtrivativcti  uiay  be  ob- 
tained by  condenHing  phenyl  or  other  (^rivatm 
of  hydrazine  with  acncyliffi*  crotonio,  propionie, 
butvric,  or  other  adoH  and  their  derivativeg 
(Huihcnburir.  B.t.  1S93.  20.  2994;  Kiiorr  and 
Dudon,  ibid.  108 ;  Stola,  ibid.  1895,  28,  630 ; 
Kopiseh.  ibid.  ISH  27,  3111;  Harries  and 
Ix)th,  ibid.  1896,  29,  517 ;  Prentice,  Chcm.  Roc. 
Trans.  1904,  1667  ;  Japj)  and  Mayland,  ibid. 
1490;  see  also  Michaeli8  and  Schenk,  Ber.  1907, 
40,  3568;  Bul.-u-  and  WeefUich,  ibid,  4326; 
Miirkermann,  ibid.  1909,  42,  3449). 

/N  =  CH 

PYRAZOLINE  ^^^S^    in*  ^ 

obtained  by  dropping  an  tthcnal  soUition  of 
accoleiii  (1  mol.)  into  an  ethereal  solution  of 
hydmine  (a  little  over  1  mol.).  The  ether  is 

then  cvaporntod,  therecidnf^  «aturntrd  xritli  con- 
centrated hydrochJoric  acid  at  7U  .  liltcn d,  and 
evaporated.  The  salt  is  dissolved  in  alj-nhitc 
alcohol,  reprecipitatcd  with  ether  and  decom* 
posed  with  })otiish  (Chirtius  and  Wirsing,  J.  pr. 
Chcm.  1894,[ii.] 50,  r/.iH).  ryra/oluic  is  a  liquid, 
b.p.  144%  evolves  ammonia  when  boiled  with 
potash,  and  is  oxidised  to  p}Ta«o1e  when  treated 
with  brorninr.  Tt  fnrni'^  a  In/drochloride,  m.p. 
130%  a  pUklinichloride,  and  a  ptcrate,  m.p.  130°. 

Its  derivatives  may  bo  obtained  as  above 
(Fischer  and  KTinrvpnat'i  l,  Annalcn.  1SS7,  2!t''. 
197) ;  also  by  ihv  rfductionot  iheoorfcsjpuiidirii^ 
])yrazole,  pyrazolidone,  or  pyiazolidine ;  by 
treating  the  hydrazonos  of  un8aturate<l  alde- 
hydes and  ketones  containing  a  double  linking 
in  the  a-  positinii,  with  liot  L'lacijil  aii-tii-  acid 
(Auwers  and  Mullcr,  Ber.  1908.  41,  4230 ; 
Auwen  and  Voss.  ibid.  1909.  42.  4411),  and  by 
thr  aftifiii  of  nn-aturatod  ketones  on  diazo- 
ni'ihatii  (Ai/^utlio.  Alii.  R.  Accad.  Lincei. 
l{'<i:,.  [v.]  14.  ii.  229). 

For  the  various  derivatives,  acc  Klago.s,  J.  pr. 
Chein.  UM»2.[ii.]  tio,  387  ;  Balbiaiio.  (i&z/..  ohim. 
itul.  I.SSK.  81.  :i71  ;  Kiiorr.  Ber.  1803.  20.  102.  , 
108;   ibid.  1895,  28.  712;  Jtarries.  Annalen,  I 
1901,  319,  233 ;  Buohncr  and  Sebro  fer.  lier.  ' 
1W2.  nn.  7S9:   .Monreu  an<!  Li/riu,,,.  (,,iiipl. 
retul.  iSHjti.  143,  1239;  Mttirc.  BuU.  ik)C.  chim. 
190S.  iv.  .3.  272.  amongst  othiws. 

Tho  pyraBoltnce  are  muoh  more  unstable 


than  the  pyrarolcs,  the  parent  sulctan-  <  j)\Tazo. 
.  line  being  the  mo«t  f*tabU>.  'J'hey  behavit  aa 
weak  bases  and  lia\e  many  of  the  properties 
of  unsaturated  aliphatic  compooBds,  of  hydxa- 
zones  and  of  aldazincs. 

\\  ith  oxidising  agenta  many  of  them  yield 
charaoteristio  red  or  blue  dj-cstuffs. 

can  exLst  in  tljo 

two    modifications    NH<^  (S-pitazo- 
,CH :  CH 

lones)  and  NH:^         |      (3 -pyrazolone*)  and 

many  dcrivativea  of  eaodi  of  these  have  been 
obtamed. 

3-PyraxoIone  i'?  only  known  in  the  f..rm  of 
its  derivatives  wjiich  may  iw  readily  obtained 
by  the  condensation  of  acetoacetio  ester  and 
acetyl-  or  benzoyl -ph<iiyl  hydrazine  in  tho 
pre.«wnce  of  phosphonui  tricliluride  (JIayer.  Ber. 
1903,  3ti.  717). 

l-PheQyl-5'melliyl-3-pynuMloiie 
NU  -00 


NFh 


\ 


CMc  :  CH 

m.p.  166°,  b.p.  344°-345^  is  best  obtained  by 
the  action  of  phosphorus  pentaoUorido  on  a 

mixture  of  acyl  phenyl  hydrazine  and  ethyl 
acetoacctate  (Michaelis.  Annalcn,  1905,  336, 
267).  It  has  both  aoid  and  basic  properties, 
and  with  phoKphonis  oxycliloride,  yieltls  3-chloni- 
l-phenvl-6-iuelhyi  mraxulc,  ni.p.  295°.  It  also 
exists  in  a  labile  form,  m.p.  157^  and  gives  s 
number  of  acyl  and  other  derivatives. 

By  condensing  ethyl  ethoxymethylenemalo- 
nate  with  acetyl  phenylhydrazine  in  the  presenco 
of  phosphorus  tri-  or  oxy-chlonde,  a  product  is 
produced  tHluoh,  when  saponified,  yields  1- 
phenyl-^-pi/rrttnloTie  carhozyltc  acid,  m.y.  210 
This  on  dialiilation  loses  carbon  dioxide,  forming 
I- phenyls-pyrazolone,  glistcnmg  leaflets,  m.p. 
ir,5°-15(\°  (Miohaelis  and  Bemy,  Ber.  190^, 
40,  1020). 

OEtCH(00,Et),+(NH),niOOH6 

XHNPh 
^EtOH-f-MeCO^Et-t-COjEtC/ 

^CHNPh  /CHNPh 

->  ccH-cff    I     ->  cn.  I 

CONH  XIO-NH 
1  Ary!  or  5-halogen  methyI-2  :  4  dIalkyI-3- 
pyrazoiones  h;ive  been  obuuittl  by  the  action  of 
a  halogen  on  the  corresponding  6-pyrazolone 
when  adihalide  is  formed,  fn>ni  which  on  elimina- 
tion of  halogen  hydride,  tho  3-uyrazolone  is 
prodiue<l  (D.  R.  P.  208593). 

The  3-pyrazoloues  differ  from  tho  5-isonierides 
in  yielding  with  sodinm  nitrite  ^reen  nitroeo  de- 
rivatives, which,  on  reduetion,  yield  stable  amino 
derivatives,  whcreab  the  5-mTazolone8  yield  red- 
yellow  i>onitroso  derivatives,  which  on  reduc- 
tion yield  unstal'K-  amino-pyrazolcmfs.  The 
3-|nTazolones  only  rcatt  in  tho  hydroxylic 
form,  but  tho  5-pyia7/ilone8  sometimea  bdukYe 
as  oarbonyl  componndK.  For  many  3-p\-Tazo- 
lone  derivatives,  jtcr  Michaeli.»«,  Annalcn,' 19()ri 
3.W.  288;  ;f,>,!.  Iit07,  .3.'>8,  127;  ibid.  19lo! 
373,  129;  Kiimmel  and  Hemv,  Zeitsch.  Elektro- 
chem.  1909,  15,  254;  Manthuer,  Ber.  1908,  41. 
2632). 
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5-PynUEOlone  in  propami  by  heatiii^r  topethcr 
hydxazino  Hiilphate  (13  p«rto)»  sodium  furmyl- 
acetate  (20  purts),  and  oamrtio  soda  (200  parte) 

to  100°.  'J'he  mixture  is  acidified  with  sulphuric 
acid,  rapidly  evaporated  and  extracted  with 
boilinic  alcohol.  The  extract  is  evaporated, 
redissolvod  in  absolute  alcohol  and  precipitated 
with  ether  (Knorr,  Ber.  1806,  29.  253).  It  may 
also  be  piepaxed  by  the  dktillation  of  pyrazolone 
carboz^c  aeid  (Rahemann  and  Monell,  ibid, 
1895,  28,  988).  6-Pyrazolone  fonms  neeiUe- 
shaped  nrjsUd.s,  m.p.  165".  It  nublimea  \*nth 
decompoeition,  is  soluble  in  water  and  in  alcohoU 
ndmea  ammooiaoal  sflver  solntioii,  and  gives 
a  blDim>ied  colour  vdth  ferric  chloride. 

^jmzoloncs  maj'  be  8>'nthe8isod  by  the 
intefaotion  of  hydrazine  with  acetylenic  amides, 
ammonia  being  eliminated,  thus  from  phonyl- 
propiolamide  CgHg  C  C  CONHj  a  phenyl  pura- 
telmc,  m.p.  237°,  is  obtainetl ;  the  same  product 
is  obtained  from  the  esters  of  phenylpropiolio  or 
benzoylacetio  adds.  An  amylphenyl  pyrmolone, 
m.p.  90°,  is  ohfniiK  ^l  ])y  condeiisini:  ]ihcnyl 
hydrazine  with  either  ethyl  amvl  propiulatu  or 
caproylaeetate.  SimilaTly  ethyiher^'lpropiolato 
and  hoptylacetate  pivo  an  identical Acrv^p/ienj//- 
pyrazoloiic,  m.p.  84^-85''.  Pyrazolones  are  also 
formed  by  the  interaction  of  hydrazine  or 
phenyl  hydrazine  \rith  alkylated  3-hydroxy- 
acrylic  ester-J  (Moureu  ancl  Lazennec,  Compt. 
imid.  1006.  142,  1534). 

^laxolone  derivatives  are  also  formed  by 
ttie  mteraotion  of  iS-halogen  snbetitnted  fatty 
acids  or  their  esters  with  phenyl  hydrazmc 
(Eng.  Pat.  9923,  1891  ;  J.  Soc'  Chcm.  Ind. 
1891.  798  ;  ibid.  1893,  468),  or  by  the  action  of 
aeet yl  phenyl  hydrazine  on  malonie  acid  and  its 
alkyl  (lerivatives  in  presence  of  phosphorus 
trichloride  (Michaolis  and  Hchcnk.  Ber.  1!M)7, 
441,  3568;  Conrad  and  Zart,  ibid.  Vm,  39, 
2282). 

("ompounda  bcloncinp  to  the  pyrazolone 
ffroup  have  been  obtained  by  the  action  of 
nydnudne  hydrate  on  dimethylpyrone  dioar- 
Ik>x\  late  (Palazzo  and  Liverani,  AUL  B.  Aooad. 
Lincei,  1911,  [v.]  20,  ii.  65). 

Of  the  lavge  nnmber  of  S-pyraxokmes  known, 
tbe  follo\nnti  may  be  mentioned  :  — 

l-PbMiyl-3-ineUiyl-5-pyrazolone  ia  obtained 
by  the  aetkm  of  phenjruijrdrazhio  or  its  hydro- 
chloride on  ctln"!  acetoacrtatc  (Knorr,  Ber. 
1H83.  ]().  2597),  and  liv  various  other  methotls 
{ibid.  l  H9  t.  27.  1175;  D.  H.  PP.  32277;  77174; 
Frdl.  1877-87,  L  213;  ibid.  1894-97,  iv.  1198; 
Bougert,  Compt.  rend.  1901,  182,  974).  It 
forms  pri.-^matic  crystals,  m.p.  127',  b.p.  2S7V205 
mm.,  and  unites  with  both  acids  and  ba»es.  It 
oondenses  with  ketones,  with  hydroxy  aldehj^Iee 
(Tamln^r,  Ber.  1900.  33.  8fi1),  with  diazoti.sed 

friintditietofor?n  nzo  rolouritiir  matters (1).  K.  P. 
17575;  sec  also  \).  K.  P.  134102).  and  is  alf^o 
employed  in  the  nmnufacture  of  antipyrinc.  It 
forms  a  lar^e  nunil)er  of  derivativeti,  but  unlike 
anti])vrinr',  it  does  not  combine  with  phenols  or 
hydroxy  acids  (Patein,  Compt.  rend.  1897,  124, 
234).  when  boiled  with  excess  of  phenyl  hydra- 
afaieorwheii  the  sil%-er  .>^nll  i  tr<  .ited  with  io<line, 
it  is  COnverletl  into  l)i,'<-phi  iiyltiiethylpyrazoloiie 
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sodium  nitrite  and 


425 


NPh< 


ulj.htiric  acid, yields  pyrazolc 
N:C~il?>C:C<c-^S>»<l'''' 


whksh  wbm  trpated  wiUi  ferric  ohferide  or  with 


violet  needier,  which  rescmV>le  indigo  in  con- 
stitution and  many  prtipt-rties,  but  is  not  so 
stable,  and  i.s  of  no  tinctorial  value  (Knorr, 
Annalen,  1887,  238,  171  ;  Knorr  and  Duden, 
Ber.  1892,  25.  765).  P;>Ta2»le  bine  is  also  formed 
by  the  din  ct  oxidation  of  the  pyrazolone  with 
ferric  chloride  (Fei.st.  Annalen,  11K)0,  346,  100). 

l.o-Chlorophenyl-3  -  methyl  -  5-  pyrandtm-m- 
snlphonic  acid  combines  with  diaBO-o^Uoio- 
aniline^  forming  the  dyestu£E 

The  tatter  may  abo  be  produced  by  other  methods 

and  dve.s  unmonlanted  WfX)l  fa.st  cl«-ar  yellow 
shades  (U.S.  Pat.  982050,  1911 ;  J.  Soc.  Chem. 

Ind.  1911,  412). 

1  -;)  SulphophenyI-3-methyl  5  pyrazolone  oon- 
denses with  diazotised  Tn-xyliduie-o-sulphonio 
acid  forming  a  yellow  dye.  Similar  (  ornp  iinds 
are  given  by  the  tolyl  and  carboxyl  derivatives 
of  the  p>TazoIone  and  by  l.phenyl-8-methy!-6- 
pjTazolone,  all  of  them  l)eing  distinguiahed  for 
their  beautiful  shade  and  fastness  to  light 
(D.  R  P.  176964). 

1  ■  Sulphonamino-  l-pimiyl-  2 : 3  -  dimethyl  -  5- 
pyrazolone  in  obtained  oy  the  action  of  bodium 
hydrogen  sulphite  on  4-nitroeo-l-phcnyl-2  :  3- 
dimethyl-5-])yraz.>lone.  the  free  acid  being 
8ub.iequentlv  pretiintatcd  by  hydrochloric  acid 
(D.  11.  P.  193632). 

1  -P-Dlalkylamlnophenyl  -2:4-  dimathyl-  Sby- 
droxymethyl-5-pyraroloiie8  are  said  to  be  of 
therapeutie  vahie,  being  strong  antipyretics. 
They  are  produced  by  alkylatmg  1-p-amino- 
phenyl.2 :  4-diniethyl-8-hydioxymcthyl-5-pyra- 
zolone  with  mcthyl-iodido  or  sulphate.  A 
numln-r  of  these  suljstancea  and  their  derivatives' 
and  similar  compountis  are  doscribetl  in  D.  R.  PP. 
214716;  217557;  217668;  *U  also  J.  Soc. 
Clu  m.  Ind.  1909,  854. 

1-p-dlmethylaminophenyl  2  :  3  :  4-trim6thvl- 
6-liyniOhine,  which  ia  used  iu  medicine,  mav  be 
formed  by  methylating  1-p-aminophenyl-S  t4- 
dimethyl-f)  pyrn/olone  or  other  suitable  pyrazo- 
lone or  pyrazolc  derivative.  It  is  paid  to  be 
lesa  toxie  than  the  corresponding  2 : 3-dimethyl 
derivative,  but  equally  active  therapeutically 
(1).  R.  P.  238256;  J,  Soc.  Chcm.  Ind.  1911, 
1333). 

1  Phenyl  2:3-dImethyl-4.|io?al«ramIno-5- 
pyrazolone  and  its  bromo  derivativa  are  da- 
scribed  in  1).  R.  PP.  238378 {  827018;  J.  Soe. 
Chem.  Ind.  1911,49,  1333. 

Greenish-yeUow  dyeetnfEs  fast  to  light  have 
been  obtained  by  eombining  the  hyilnizine  of 
3-chloro-2-amiiio  - 1  .mcthyUxnzene-5-.sulphonic 
acitl  (1  mol.)  with  oxalyl  acetic  ester.  The 
residting  pyrazoVme  is  sa]>onified  and  treated 
with  another  molecule  of  the  diaxo  derivative 
of  the  above  snl^ionk)  acid  (Eng.  Fat.  1244, 
1909).   

When  1 -phenyl-  or  tol.vl-2 : 8-dinietbyl»5- 
pyra/.oloiie  and  o-  or  y(-t<ibitin-  sulplioiiamide 
arc  fuKcd  together  in  molecular  j)ruportion«, 
crystalline  oompounds  of  therapentio  value  are 
formed  (D.  R  ?.  229614). 
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PhonylmethvT  pyrn/olone  and  the  fonnftini- 

dinea  react  sriKXithlv  thus 
N-CMe. 

N=CMt 


\C;CHNHB+RNH, 

forming  retl  or  yellow  aminoeihyhne  pyrazolones. 
A  nuBioer  of  theee  axe  desohbed  by  Daina  and 
Brown  (J.  Amer.  Chem.  Soc  1900,  31.  1148). 

8oap-liko  compounds  have  been  obtainrd  liy 
oombioinff  1  moL  of  dimethyl  pvrascolonc  Mith 
2  mob.  of  higher  fatty  aeids,  andduaolTuig  the 

pro<liict  in  a  neutrnl  fat  (D.  R.  P.  171421 ;  J. 

Soc.  (%pm.  Tnd.  1(H)7,  33). 

li<((iit  littraluro  on  fl-pvrazolone  deriva- 
tives :  Kufferath.  J.  pr.  (  hem.  lW)!,  [ii.]  04,  334 ; 
Walther  and  llothackor.  ibid.  11HI6,  [ii.l  74.  207  ; 
Heiduschka  and  Rothaoker.  ibid.  1900.  [ii.]  80, 
289;  Curtios  and  Gockel,  ibid.  1911,  [u.l  83, 
279;  Mnckprrnan.  ibid.  613;  ibid.  84,  278; 
B<-tt!.  Ca//.  f  liim.  ilnl.  19001.  36,  ii.  427  :  ibid. 
i.  178  ;  Knorr,  lier.  190«,  39.  32«5  ;  Biilow  and 
Busse.  ibid.  2459.  38<U  ;  Edmcr  antl  Laue, 
ifjid.  2022  ;  Mi.  ImclLs  and  S.  lil.  rht.  ibid.  195i  : 
Kinmerling  ami  Kristeller,  ibid.  2450;  Biiiou 
and  Schauh,  ibid.  1908.  41.  2180;  Michaclis 
and  SchrnJc.  tljid.  3805 ;  Biilow  and  Haas, 
ibid.  191U.  13,  2647;  Michaelis  anil  Lachwitx, 
ibid.  2106;  Benarv,  ibid.  1065;  Biilow  nnd 
(idiler,  ibid.  1911.  U,  2835 ;  Michaelia.  Aonaleu, 
1911,  386,  1 ;  Ruhemann,  Chem.  Soo.  Trans. 
1JK)7,  1363  ;  Castellana,  Atti.  R.  Aecad.  Lincei, 
1907,  [v.]  16,  i.  767;  Enf.  Pats.  9268,1897; 
22391.  1900;  1.3,383,  27485.  1907;  Fr.  Pal*. 
362465.  :?7H1sn.  1907  ;  398<i02.  1909  ;  1).  U.  PP. 
2330«;s;  20<i037  ;  180120;  189842;  IMIH ; 
J.  Soc.  (  hem.  Ind.  1895.  987;  i7»iV/.  1897,  160: 
ibid.  1902.  67;  ibid.  1906,  714;  ibid.  1<M)7. 
1216;  ibid.  1908.  91,  420;  ibid.  1909,  328. 
832  ;  ibni.  I 'Mi'.  ]n'.\9. 

AntipyTi]le(i-^hcn31^2 : 3-dimcthyl-5-p^  razo- 


"CH 

lono)  CcHiN""^  wa0  dtaooverBd  fay 

N('Hv(  (  Kj 
Knon  in  1883,  and  was  introduoed  into  medical 
uj<(!  by  Filehnr.  It  may  Ih-  preparetl  by  a 
varifty  of  niethodM,  thus  by  heating  phenyl- 
methyl  pyrazolone  with  methvl  alcohol  and 
methyl  irnlidc  (Knorr,  Bvr.  1884,17.549.2037); 
bv  heatinc  l-i)henvl-3-methv1-6-ethoxvpyrazoIe 
Willi  i.iothvl  iodide  (D.  P."  P.  72824 ;"  Frdl. 
1890-94,  ill.  936)  ;  by  heatinp  the  esters  of  fi- 
halof{c«iicrotonio  acid  with  methylphenyl  hydra- 
zine {ibid.  928  ;  I).  R.  P.  ri4144)';  but  is  jjofhaps 
Im'sI  manufactureil  by  heatinj;  jjhenyl  h\<lrazinc 
with  «'thyl  acctoaertute.  The  resulting  product 
\H  dissolved  in  methyl  alcohol  an<l  tn>atcd  with 
hydrogen  io<li«le.  The  addition  prtxiuct  thuti 
formed  is  decompose*!  with  sodium  h,\'drf»xide, 
and  thio  aatipyrine  which  bc  pa  rates  at  lint  as  a 
heavy  oil  is  TecryBtaUiHcd  from  toluene  or  ether 
(.r.  S'u  .  flicm.  Ind.  1892.  8:W1.  Tt  may  nl«o  Ik- 
obtained  by  the  «lireet  action  of  methylphenyl 
hydrazine  on  ethvl  a<etoacetate.  For  other 
methfwls.  ^fr  ]).  R.  P.  9.5643;  Stolz,  .1.  i>r. 
Cheu).  fii.  l  5.5,  148;  Miehnelis  and  PaKterniiek,  . 
Ber.  1899.  32.  2t«6:  Fnll.  1894-97,  iv.  1102;  | 
.1.  Soc.  ("hem.  Ind.  1891,  056. 

.\jitip\riuo  form«  almost  inodorous,  mildly 
bitter,  lustrouB  crystals^  m.p.  113",  which,  wiicu 


flirt lier  heated,  turn  n  d,  then  brown,  and  acquire 
an  odour  rc>si>nililiiig  ambi>r  oil.  It  ha«*  b.p. 
14r-142*  in  mtcuS.  3197174  mm.  («)rr.){Kiam 
and  VVeilandt,  Ber.  1895,  29,  2241  ;  Knorr, 
Annalcn,  1890,  293.  1).  At  25"  it  dLssolves  in 
le88  than  1  part  of  water,  in  1  of  aloohol  Off 
chloroform,  and  in  about  30  of  ether. 

TfMs. — Antip\Tine  gives  a  deep  red  colour 
with  ferric  chloride  clwuiuiag  to  chrome  yellow 
on  addition  of  sulphuric  acid  (Monferrino, 
CSiem.  Zentr.  1909,  i  2029). 

Two  c.c.  of  a  1  p.c.  8oluti()i\  treated  with  2 
drops  of  fuming  uiirio  aoid,  acquire  a  green 
colour  whieh,  triieii  bi^ed  and  treated  with 
another  drnp  of  acid,  chnnpes  to  red,  or,  if  before 
boiling  5  e.e.  of  sulphuric  aeid  is  added,  a  cheny- 
n^d  ring  in  forme<l  (Sperling,  C"hem.  Zentr.  1906^ 

i.  IIIH).  With  nitreni.';  k  id  it  j^ivrs  n  jrreen 
colouratiua  (Reichartl,  (.  in  lii.  Zeit.  I'JUl,  28, 
339). 

The  following  reagent  givoB  a  very  delicate 
tpfit  for  antipyrine.  1  grm.  vanillin  +  0  grmg. 

liydri  x  hlnrie  a<  id  diluted  with  an  equal  \  nhunf 
of  water,  4- 100  grms.  95  p.c.  aloohoL  1*wo  c.c. 
of  this  mixture  is  poured  over  *  very  itmall 
eryatal  of  antipyrine  an<l  cvnporat<Hl  on  the 
water-bath.  A  deep  orange  ring  and  then  a 
deposit  of  the  same  colour  is  formed  ;  p^Tftmi- 
done  does  not  react  thus,  and  krj'ogenine  gives  a 
yellow-green  tint  under  the  same  conditions 
(Primot,  Pharm.  J.  1909,  83,  9). 

For  other  teata,  su  Jolloa,  Zeitach.  anal. 
C!hem.  1898. 37. 441 ;  Berenfrer,  Pharm.  J.  I90i, 
T2.  117;  Steeiisina.  Apoth.  Zeit.  1W7.  22,  819; 
Bourcet,  Bull.  Soc.  chim.  1905,  [iii.]  33,  672. 

Antipjrrine  may  bo  determined  quantita- 
tively thus  :  A  quantity  of  t lie  sani]>le  rnntaininii 
about  0-.>  grni,  of  antipyrine  ii»  diaf*olved  in  50  c.c. 
of  w^ter,  6-6  0.0.  of  N/1  hydrochlorio  aoid  is 
added  and  the  whole  heat^ed  to  boiling.  The 
hot  solution  is  then  treats!  with  about  10  c.c 
(if  eold  saturated  alcoholic  ])ierie  aci'l,  shaken, 
]  and  allowed  to  stand  for  a  few  hours,  when 
fine  long  needles  of  tlie  pit  rate  .separates.  The 
precipitate  is  colli  eted  en  a  \M  iL'he<i  Hlter,  adher- 
ing crystals  licing  wa*>hed  on  the  filter  with  the 
I  filtrate.  They  are  then  drainetl  with  a  tilt<^r 
pump  wthfitit  wa.shiii<:.  and  dried  at  90'' -9.5"* 
(Rie< lei,  rivarui.  J.  I'.HJ?,  78,  457  ;  see  also 
Lemaire.  ibid.  1905,  74,  13;  Schaack.  .1.  Soc 
Chem.  Ind.  1895,  199,  773;  Schuytcn,  ibid. 
1073  :  Kipi^nberger,  Zeitsoh.  anal.  Ciiem.  1896, 
35,  (i59). 

Antipyrine  iii  a  valuable  analgesic.  It  has 
\  been  employed  suooeflafully  hi  tiM  variouii  forma 

of  nerve  pain,  and  i.'^  said  to  be  remnrkably 
efficient  in  the  treatment  of  migraine,  the 
lancuiating  i)ains  of  locomotor  ataxia,  in 
sciatica,  and  in  various  neuralgias  resulting  from 
nervous  depression  or  antoctxlent  disease.  L» 
fevered  states  it  acts  fk»  a  fairly  cfmstant  anti- 
I  pycctio.  It  ia  alao  antiaeptic,  and  it  haa  bc«n 
used  h)  the  ttreatment  of  varknis  dlaeases  (Se6, 
("ompt.  rend.  1887.  105.  103;  Jonescu,  (Sieni. 
Zentr.  1«.H)6,  i.  1794;  Koliert,  ibid.  1907.  i. 
I  1804 :  fervello.  Arch.  exp.  Path.  Fhsmi.  1910, 
62.  357  ;  ihl<l  1911.  64.  4<>31. 

iViitipyriiie  itirnis  eoniiMmnd.H  with  mercury, 
sine,  ii-on.  and  other  metallic  saU.s  (Schuvten. 
t  Chem.  Zentr.  VM)\.  ii.  1362:  Kury,  ibU.  1908. 

ii.  1037 ;  (>arelU  and  Barbicri,  (jlaaz.  ohim.  itaL 
1006.  36,  tL  m ;  Moulin,  BuU.  Soc  ohim.  1903» 
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pii.]      201 ;  Astri  and  Vidnl.  {hid.  1905, 33, 842 ; 
\      ibid.  15)11,  iv.  9,  83«,  309;  Compt.  tmd.  1900, 
\      130,  837,  1256  ;  J.  Soc.  Chcm.  Ind.  1895,  595). 
I         Ferripyrine  (('n  iritNsO)3VL('l,.  i)rcpiiml  by 
,     mixing  an  alooholio  aolation  of  ferric  cbluride 
with  aa  akoliol  ether  «ohition  of  anttprrine, 
forms  ftn  orangc-red  powtlcr  which  is  employed 
in  medicine  both  internally  and  externally. 

Antipyrine  oU  (mercunc  iodide  anHpyrine)  is 
a  bright  yellow*  viscous  liquid,  sp.gr.  1*3618  at 
18°,  forraiug  an  alkaline  aqueous  solution  and 
readily  soluole  in  alcohol  and  in  noctono.  A 
white  precipitate  is  formed  when  treated  with 
Hulpharic  or  hydrochloric  acid,  or  with  undistilled 
water  and  when  Injilcd  with  distilU^d  \^  d' t  It 
is  dcMDomiKMed  when  heated  and  M'lien  trc'at<^<i 
with  ooneentnted  ntlphurio  add,  forming  re<l 
crystals  and  liberating  iodine.  Wlvn  heated 
vnth  acetic  acid  it  forma  ajpalo  yellow  compound, 
m.p.  133°  (Raikow  and  Kfilfimow,  Chem.  Zentr. 
m\^K  ii.  159o). 

Antipyriiic  also  furuid  arsenates  and  phos* 
phatee  (Aubouy,  Bull.  Soc.  chim.  1908,  [iv.]  3, 
388^  and  combines  with  the  halogeaa  and 
hdogwi  adds  (Reychler,  ibid.  27.  612 ;  MiohaeUs 
and  PaMtcrnack.  I.e.  ;  Fir:litrr,  J.  pr.  ChiMn. 
1908.  liL]  74,  297 ;  Schwabe,  Ber.  1900,  33, 
2600 ;  Knorr,  Annalen,  1887,  288,  216). 

lodoantlpyrlne  i3  formed  by  the  action  of 
iodochloridt*  on  antipyrine,  or  uf  iodine  oa  the 
latter  in  ])rcsenco  of  sodium  aooCttte^  and 
orystAlluws  in  oolourloss  glistening  noodles, 
m.p.  160"  (Bougault,  Chem.  Zentr.  1900.  i.  507). 
It  combines  the  propectiM  of  iodine  aod  of  an 
antiHnretio. 

mHiO'  and  araino^anifpynnes  aro  desonbed 
by  Micliat-lis  (Annalen,  1'>1 1.  378.  203). 

The  rou^it  important  amino  derivative  is  the 
4-dimethffl  amino-antipt/rine  or  -pymmidone., 
which  has  a  similar  physiologi' ru  ti  >n  to 
antipyrine.  but  hm  a  mure  powertul  aiui  lasting 
eSE^ot  on  the  nervous  system  than  the  latter. 

Dimethyl-  and  diothyl-aminoantip^-rino  is 
obtained  by  heating  aminoantipyrine  hj'dro- 
rhloride  with  rliloro-  or  bromoacetic  or  propi(»nic 
acid  aod  sodium  carbonate  The  product  ia 
then  treated  with  10  p.o.  eulphurie  Miid  and 
Bub=rqupntlv  with  caustic  soda  (Eng.  Pat. 
26363,  \mi\  J.  Soc.  Chem.  Ind.  1904,  35). 

P>Tamidono  is  also  formed  by  roducing  an 
acetic  acid  solution  of  j'.^onitrosnantipyrino,  the 
amino  autipyrinu  formed  iij  Lhou  treated  with 
methyl  chloride  or  iodine  (KoUo,  Pharm.  J. 
1911,  86,  711) ;  or  by  me^ylatmg  acyl  or  alkyl 
derivatiTeflof4Ukimno>1*phenyl>S*methyl-5-pyra- 
7,r)lonf,  tho  acyl  or  alkvl  Rroup  attached  to  a 
nitrogen  or  pynueoloao  o:i^gen  atom,  being 
readily  eliminated  (D.  R  P.  180842).  Pyrami- 
«lono  is  an  almost  ta8tclf5»s,  yelloAvish -white, 
crystalliiie  jM»wder.  m.p.  10B\  soluble  in  10  part-s 
of  ^vater.  It  may  l»o  distinguished  nom 
antipjTino  by  the  fugitive  violet-blue  colour 
fr»rm«xl  when  either  ferric  chlori<le,  nitrous  or 
fuminjr  nitric  acid  in  ii<lde<l  (Monfcrrino,  Chem. 
Zontr.  1909,  L  2029 ;  for  other  tosta.  Me  Moulin, 
Ann.  Chim.  anal.  101 1,  16,  220 ;  .T.  Soe.  Chem. 
Ind.  lOOn.  778  ;  Kollo,  l.r.  :  also  le^ts  f..r  anli- 
pyrme).  For  certain  microchemical  reactions  of 
pyramidone.  Me  J.  8oo.  Chem.  Ind.  11M)0,  1171). 

Pyramiilono  may  be  estimated  by  treating 
its  solution  with  a  measured  excess  of  picric 
aoid»  then  titAting  tlie  exoeti  of  the  latter  wiih 


caustic  soda  (As true  and  Poifurii t,  Chem*  Zentr* 
1905,  ii.  027, 1554 ;  ate  alao  Lemaixe,  Aiok,  Gblm. 
anal.  1910.  15,  307). 

Acet.jinilidei8  8onietime.s  found  a.s  an  impurit  y 
both  in  autipyxine  and  in  pyramidone,  and  may 
readily  be  ^Uiteeted  by  the  abnormal  melting- 
point  of  the  mixtures  (Sftptnetti,  BolL  Chim. 
Farm.  1909.  48,  3ti7). 

Pyramidone  hydrochloride  has  m.p.  143"- 
144°,  thr  hy''h-n',^om{d€  ha.s  m.p.  17n''-17P 
(Astro  ajui  Aubouy,  Bull.  fcJoc.  chim.  ilKWi,  [iii.] 
35,  856). 

Hydriodic  acid  acts  on  pyramidone  forming 
the  hydriodide  CiaHi^ONs.Ul,  colourless  prisms, 
m.p.  alMive  2(K)'  (decomp.).  WboH  ioaiDe  i* 
added  to  the  latter,  thu  periodide 
C„Hi,0N5.HI,I, 
u  formed  as  brown  in.<olul»lo  needka  (Osualn,  J. 
Pharm.  Chim.  1901>.  [vi.]  29,  49). 

Pyramidone  reacts  with  Nessler's  reugeat 
forming  a  sulphur  yellow  crystalline  mercuric 
iodide  compound,  m.p.  170^-172°  (Raikow  and 
Kulumow,  i.e.). 

The  secondary  cilralc  of  \-phnijl-2  x^- 
dimelhylA-dimeihjfiamino-6-pyra2olone,  m.p.  85^, 
is  fonned  hy  heating  1  mol.  of  dtrio  add  with  2 
mols.  of  the  pyrazolone  (D.  R.  P.  234631 ;  J. 
Sue.  Chem.  Ind.  1911.  833). 


.CO  •  NPh 
CN-CH,*NH<:<:  I 

XMe-NlIe 

colourlcs.H  leafiets.  m.p.  112"',  is  formecl  by 
treating  4-amino-l-phenyi>2 : 3-dimcthyl-5-pyia- 
aolone  imooemlvely  with  formaldehyde,  sodium 

hydrogen  sniphi'r  and  j)ota.s.sium  cyanide. 

4- Anti  pyry  lamiaoacetamide ,  e<  >  1  c  j  urJess  pri^^ms, 
m.p.  194°,  is  obtained  by  Iwiling  the  above 
methylainine  with  water  or  leaving  it  in  contact 
Avith  oonccntratcd  hydrochloric  acid,  VV'heu 
boiled  with  ths  latter  it  foms  a  botaine,  m.p. 
above  SOO**. 

4  •  Antlpyry  Icyanodimethylamlne,  colourless 
crystals,  m.t).  To  .  is  prepared  by  aJjQrlating  the 
monomet  hvlaminc. 

4-AiitipyrylmethyhuiiInoa«etaiitM» 

,(?0— NPh 
NH,-C0-CH,-XM6C<  I 

^CMe-Nlto 

m.p.  168*— 150**,  is  obtained  by  methylating  the 
above  aminoacetamide,  wifiiist  4-antipyryl- 
methylamitioacetic  acid  is  similarly  prepaml  from 
the  ai)ovo  bctaine.  The  last  three  connwunds 
when  hydrolysed  yield  the  therapeutically 
valnaUe  pyramidone  (D.  R.  P.  1848M> ;  J.  Soc. 
Chem.  In  r  VM^l,  947). 

Dimethylatninoazoantipyrine, ''rownish-yelk>w 
leanets,  m.p.  107°  (rapid  heating),  110*-112* 
(slow  heating),  may  bo  prepan  d  hy  coupling 
dimethylamine  with  diazoantipv  rine.  When 
heated  to  laO^-UO^  it  yields  l.phc'nyl-2.mothyl. 
3  :  4*pyrazopyrazul-5-one,  orango  crystata,  m.p. 
173'.  The  corresponding  diethyl  axoantinyrine 
forms  light  bromi  prisms,  ro.p.  11I*-112' 
(St^.lz.  Ber.  1908,  41.  3849). 

Antipyrine  nUciylate  {MtipyriM) 
CaH„N,O.C,ir.O„ 
formed  by  fusing  toget}i<  r  tftc  <  on  t  ihieiitx.  h  a 
orystallijic  powder,  m.p,  92"*,  which  w  employed 
as  an  antiiioptie  and  preservatlvo.  Its  dimethyl 
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PYBAZOLONE. 


Uorivativo  ma\-  Ik?  forme<l  similarly  (Ktig.  Pats. 

!«•¥);  11040,  1900;  J.  Soc.  Chom.  Ind. 
1^  'i    .  -  :  !bid.  1901.  r>()J  :  tbid.  1902,272). 

AaUpyrine  mandelate  {Tmsol) 
C„H„N,O.C,H,0,. 
formed  by  mixing  nolutions  of  the  oonstituenta, 
k»  whiU;  cryatalliiK  jK.U  ilc  r.  m.p.  53"  (Enp.  Pat. 
11774,  1894;  J.  Soc.  Chom.  liut.  1895,  596). 

Antipyrine-/9resorcyIate,  obtained  by  the 
QOmbin&tion  of  2  mob.  of  base  and  1  of  the  acid, 
formn  onlouriesH  acid  crystals,  m.p.  115"  (Petit 
an  l  lY  vrr.  f1i,.„i.  Zcit.  1894,  18,  1094). 

Antipyrine  valerate,  has  an  unpleasant  taste, 
but  is  more  energetic  physiologically  than 
nriiipyrinc  (Soohaoseiroki,  J.  Soe.  Cawm.  Ind. 
1891.  159). 

Vormopfrine  {Mtlhffiew  dimtUpyrine) 

fr,,H,,N,0),cH,.}r,(). 

prepared  l>y  the  interaotioa  of  antipyrijie  and  for- 
maldehydo.  has  m.p.  155M8fi<^. anhydrous,  177". 
Chloral  antlpyrine  ( Hypn  r  h 

CnH„N.O,Ca,(JH(OH),. 
formttd  hy  the  Interaetion  of  the  constituents, 
has  w.p.  67*-  OS"    If  th.«  t.  ni]XTaturc  ia  taised 
to  100»-110%  it  Umm  the  coui|>ound 

c„H,jN,o,a;ijCHO, 

m.p.  18GM87'.  A  dichloral  aho,  m.p.  67°-88» 
but  more  eolublc  than  the  mono-,  is  knowi 
(Behal  and  Choay.  Ann.  Chini.  i'hvs.  1892,  [vi.l 
27,  n30  :  P,it(  in.  ( V.mpt.  rend.  1897,  125.  950). 

ButylclUoraIaDUpynn»,formed  likebypoal,  has 
m.p.  70"  (Oftlderato.  Chem.  Zentr.  1902.  li.  1387). 

Ethoxyantlpyrlne  ('„H,i(nEi )N,0  is  pre- 

fmred  like  aiitiiiyriiie,  ttlu»xyphcnvl  hydrasuue 
King  used.  It  hns  m.p.  9P  {Ena.  RttB.  2617, 
1892  ;  14710.  1892;  J.  Soe.  Chem.  Ihd.  1893. 
288,  784). 

Migraenlnc  i>  ii  com' 


Homoantipyrlne  {l-Ph-3.Me-2-ethyl  pyrazo* 
lone).  8uk)hiUea  of  this  and  of  anti'pyrine  are 
desoiibed  by  Konefc  and  Nonnrall  (7th  Intern. 
Congr.  Appl.  Hicm.  IWO.  .sect.  iv..  AT.  2:54). 
The  oorrosponding  tolyl  compouud  is  described 
hi  D.  IL  P.  92009 ;  BVdi.  1894-07,  iv.  1108. 

00— CH 

108° 


m.p. 


t>o  Antlpyrine  MoN^       „  , 

is  formed  by  heating  3-phenyl-l-methvl-5- 
pyraj5olone  (m.p,  207)**  with  methyl  iodide 'in  a 
sealed  tube  at  100°  (Michaelis,  Annalen,  1907. 
352.  152,  175).  The  coiiespondinK  Moamino- 
antipyrine.  ^riien  oxidiMd  with  ferno  chloride, 
yields  a  HnlnMc  dyestuflf  term<  <!  i  -  '"itipffrinc  rrd 
(tho  methyl  chloride  of  Morubazonic  acid), 
m.p.  207* 


CH,N 


/C(OH> 

\ 


MS — ^KbO- 


-00- 


I       1  .x-cu. 


of  aatij^yrino.  9  of  oaffeine,  and  1  of  citrio'acid 
(Sleeswijk.  (liem.  Zwitr.  1911,  i.  268). 

Antipyrine  urethane  acetaraide,  m.p.  18F,  is 
described  by  Lumiore  and  Barbior  (Bull.  Soc. 
chim.  190G.  [iii.]  35, 123).  Antipyrine  compomtds 
of  piiK'ra/Jnc,  pipfrirlinr-.  nnd  morpholiTie  hive 
been  de^icnUid  by  Lull  (Her.  1905.  38,  4U44), 
of  camphor  .lulphonate  by  Reychler  (J.  Soc. 
Cbom.  fnd.  1902,  987).  of  8af  <  luiriii  in  J).  R.  P. 


With  alkalis  it  forms  a  diantipyrylannne.  A 
corresponding  antip^Tinc  red  is  formed  by  oxidLs- 
ing  amhii>aiiii]iyriiie  ^nth  ferric  chloride.  It  has 
m.p.215°.and  behaves  (ike  the  compound  with 
alkalis  and  reduolng  agents  (MfchaeIis,t6uC213). 

/•soPyramldone  is  Ixjst  obtaint-d  hy  tiic 
action  of  dimethyl  sulphate  on  aminoMomtipy- 
rine.  .  It  has  m.p.  118°,  and  is  less  poi^onoua 
than  ordinary  pyramidono  (ibid.  209).  A  larjio 
number  of  derivatives  of  woantip}Tineaudof  iw- 
pyiamidonce  are  described  \u  thv  same  paper. 

/CMe--CH 

3-Antfpyrlne  C,HjN<  |  ,  m.p.  113°, 

NMe-CO 

is  formed  by  treating  the  oorresponding  phenyl 
methyl  pyrasolonewitliinethyl  alcohol  and  methyl 

iodide.    It  \*  a  powerful  antipyretic,  and  n  - 
mnnblcs  antiin  rine  ver>'  closely,  but  some  ot  us 
d  containing  90  parts  '  dttrivatives  have  different  melting-points  (D.  R.  P. 


53834  ;  Lcderer.  J.  pr.  Chrm.  1892,  [ii.]  45.  83  ; 
see  ]VIichaeli»,  I.e.).  Tho  corre.'»i)onding  3- 
pi/rtniiuloiir  li.is  m.p.  74".  Derivatives  of  3- 
antipyriiic  are  described  by  Jtfiohaelts  {ibid, 
1007,  368,  127). 

Thio  pyrazolones,  thlo-antlpyrlnes.  or  thlo- 
pyrlnes.  in  which  the  oxygen  atom  ia  replaced 
by  sulphur  have  been  obtainctl  hy  the  action  of 
}K)ta,««itiTn  h\drncrrn   .■^nliihidr  on   the  rmth< 


131741;  Chem.  Zontr.  1902.  i.  12^7.     Suluble   chloritk- or  i<Mli(ieof  Ihen  quireil hah>gpn  pvraiujle 

antipyrine  compounds  of  alkyl  glvcollic.  butyric,    '»'  -'^    '         '        ■  •  •   

and  valeric  acids  are  describecl  in  D.  R.  P. 
218478.   Antipyrine  metlwl  ethyl  glycollate. 
AsTKOLDT:  Winshetmer.  Phsnn.  Zeitu  IflOfl.  i 


oLUT;  Wmaheimer,  nMrm.  Zeit.  1900,  54, 

ot»o. 

Ibranumljcr  of  <  it  her  compounds  of  antipy* 
rino,  see  Pntcin  aiul  L)ufan,  Bv;l!.  8oc.  rhim. 
[iii.l  15,  172.  009.  849.  1049  ;  Einhom  and  Rup- 
pert,  Annalen.  lt)02,  325.  318;  D.  R.  P.  126340. 

Tolylpyrine  C,,H„N,0  is  prepared  hke 
antipyrine  from  yj-tolyihydraz  inc.  It  forniH 
eoleuil.--.  liitt.r  crystal-s  m.p.  136''-I37°. 
.soluble  m  14  parti*  of  water  at  15°  (Knorr,  Ber.  i 
1884,  17,  549;  Michaelis  and  Sndendorf,  ibid. 
19t>o.  2(W7i. 

Tolylpyrine  salicylate  (Toli/.ml),  m.p.  100^- 

JOl*,  ia  employcil  in  the  Irt'atment  of  nrrvous 
drranpenif-nt  and  ncurnipic  jmuus  (Kng.  I'at.  I 
19:i2'.).  IS92:  .1.  Soo.  Clu  m.  Ind.  189.%  540).  | 
A  niindM-r  of  dcriviil i\ of  tolvlpvrinu  arc 
«les>cribed  by  Ebcrt  (Phann.  Zeit.  1893.  38, 
251 ;  see  also  Einhozn  and  Rupp«  rt,  I.e. ;  Cob- 
lcn(«,  J.  Hoc.  Chem.  Ind.  1808,  727). 


(Michaelis  ami  Bin<lewald,  .\nnalcn7  1901.  32(». 
1  ;  Ber.  1900,  33,  2873)  ;  or  by  the  action  of 
phosphonis  pentasuli)hido  on  the  p\Tazolone8 
(."Stoermer  and  Johannson.  ibid.  1907,  44).  3701). 

Like  the  pyrazolouee.  thio-pyraaolonee  con- 
dense with  benzaldehyde  and  with  ketones  in 
molecular  ptdportions,  furni  coloured  a/.  .  (  .im- 
pounds, aiui  have  \xith  ai  id  and  basic  prt)|x^rties, 
tho  former  Ix'ing  more  strtnigly  pronounced  in 
tho  thio  derivatives.  'I'lic  lattvr  differ  from 
p\  rasst>lones  in  yielding  <^-,  not  normal  nlkyl  thio- 
pyrines  with  alkyl  iodides,  unstable  nitrtw. 
compounds*  which  rapidly  change  into  disul- 

S hides,  and  azo  (|<-thiopyrine8  (not  normal). 
In  uxiflation  they  <lo  not  form  bis-  compounds, 
but  disulphides  or  sulphonio  acids,  and  un 
further  oxidation  the\  >icld  oolourtees  eom- 
]KiundH  in  whii-h  two  thiopyraznlnnr  L'^mups  an> 
united  by  a  sulphur  antl  a  mrbon  luiknig,  and 
which  are.  therefon-.  wholly  unlike  the  oon- 
f^titution  of  pyrazole  blue  (.Slichaelis.  Annalen, 
1908, 301, 251 ;  su  also  ibid.  1907,  352,  187;  ^i^. 
354,  66;  ibid,  368,  127;  ibid,  1911,  378,293). 
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Similar  ttktia  deri?»tivM  h»Te  «bo  been 

obtainud. 

FYRAZOLOHB    COLOURING  MATTERS. 

Derivatives  of  pyrazolone,   which  h;ivc  bub- 
wtituting  groups  iii  the  poaitions  1  und  3,  and 
which  are  therefore  cutistitiited  in  aeoofldanoe 
with  the  general  formula 
R 

(3)  0  =3  N. 

1  N-R'(l) 

(4)  cH,-no 

react  with  diazoniiuu  salts  yielding  azo  com- 
pounds having  the  azo  residue  in  the  position  4. 
Theee  oomponnds  are  oolooring  matters  and 
poaaeM  a  constitution  \HUclx  ia  lepnaented  by 
either  formula,  (L)  of  (IL) — 
R 


B 


I 

N=N— R" 
(Also  form.) 


N-NHR" 
(iI>'drasone  form.) 


The  only  colouring  matter  of  this  series 
which  ia,  at  present,  of  importance  Is  Tartrazine, 

a  compound  which  was  prepared  Ijv  /^ieglt  r  (Bcr. 
1887»  20,  834)  by  the  interaction  of  phenyl- 
hydrazine  sulphoido  acid  and  eodinm  dihydxoicy- 

t  irtrnte.  It  is  evident  thiit  in  this  reaction, 
dihydroxytartario  acid  bckuvis  as  a  di-ketoue 
ancl  it  was  concluded  that  tartrazine  had  the 
hydrazone  fortnuhi,  tlio  reaction  being  repre- 
sented by  the  eq,uatiuo 
COOH 


CO 

Ao 

COOH 


+ 


HjN-NHCsH^SOaNa 
UsN-NH<;«U«;50,Na 


COONa(H) 

17-NH-C«H«^0,Na 
^N-ira-C«H«^0,Na 


+  2H,0 


:OONa(U) 


(Tart  t 


Aiischtttz  (Annalen,  im/Zihi,  226 ;  1809, 300, 
1 ;  c/.  also  Onehm  and  B«nda,»ftMl.  1898,  299, 127) 
ha-i  hhown,  however,  thut  thi.s  siilpUuiUL'  acid  is 
only  an  iatermodiato  product  in  the  formation  of 
tartrazine  and  that  tne  dye  Ls  framed  from  the 
osasone  by  tha  elimination  of  water  thna^ 


A 


80,Na-C«H«-NH-N:C 


00 


OH  I 
OdbNa 


c 

I 

SO,Na-C«U«-£iH£i:C 


N 


di-p-sulpbi^hen^hjdiaBonopynucoloneearbozy- 

liu  acid. 

Preparation,    10  grms.  of  phenylhydrazine 

sulphontc  acid,  5  grms.  of  sodium  dihydroxy- 
tartrate  and  35  c.c.  of  water  ate  mixed  together 
in  a  mortar  and  then  warmed  in  a  flask,  placed 
on  the  water- bath,  until  complete  solution  in 
effected.  The  liquid  is  then  boiled  until  it 
ceases  to  becoiiio  darker  in  colour,  when  it  is 
neutralised  by  the  addition  of  concentrated 
aqueons  Bodium  carbonate,  filtered  whOe  hot,  and 
allowed  to  crystallise.  If  t)ie  colour  diR-s  not  sepa- 
rate readily,  salt  must  be  added  to  the  solution. 

Properiies.  Tartrasine,  in  the  form  of  the  tri- 
sntlium  salt,  is  used  as  an  acid  dye  for  wool.  It  is  a 
yellow cr^stalhno  powder  readily  soluble  in  water. 

ReamoM.  Alcohol  precipitates  the  colour 
frnm  its  nqti(V)iiM  solution  ;  stannous  elJorido 
givtai  a  vtsiluw  precipitate  soluble  in  oxalic  acid. 
The  addition  oi  cauBiii'  .soda  causes  the  aqueous 
solution  to  become  darker.  J.  F.  T. 

PYRENE  C',,H,o  occurs  with  ohrysene  and 
other  high  boiling-point  hytlroearbons  in  the 
final  fraction  obtained  in  the  distiilation  of 
ooal-tar  (Oiaebe,  Annakn,  1871,  158,  285)  t 

it  is  also  found  mixcl  with  fluoranthrcne  in  the 
so-called  *stupp-fat,'  which  was  obtained  as  a 
by-product  in  the  old  Idrian  process  of  dis- 
tillirn?  mcrcnrv  on^s. 

£j:tractiou,—{i)  I'rom  coal  tar.  The  pyrenc 
fraction  is  treated  with  carbon  disulphide,  which 
dissolves  the  pyreneand  leaves  the  ohrysene  and 
other  hydrooarnons.  The  solution  is  eyaporated 

and  the  iuipuri-  ]\vr<  ne  dissolved  in  ahohol  ; 
on  adding  an  alcoholic  solution  of  picric  acid 
a  diuacteristic  insoluble  picrate  separates  put. 
When  this  is  treated  with  nmmonia,  jiyrene  is 
liberated  and  may  be  obUiiicd  pure  by  recrya- 
tallifiation  from  alcohol. 

(2)  From  stupp-fat.  The  more  soluble  im- 
purities are  firHt  renioved  with  cold  alcohol; 
the  residue  is  di:<;solved  in  boiling  alcohol,  and 
the  insohible  picrate  is  prepared  sa  above, 

Properliet  and  raieiunu.  Fyrene  forms 
luonocliuir  taViies  lueltiiiLr  -'it  MO"  ;  it  boils  at  a 
temperature  higher  than  3tiU'^.  It  is  moderately 
solnme  in  alcohol,  considerably  more  so  in 
toluene,  ether,  andcarUm  di>ulphide.  On  oxida- 
tion with  chromic  anhydride,  ])yreni  (^uiitonc 
and  then  pvTcnic  acid  are  formed  ;  on  reduction 
hexahydro-pyrcne  is  obtained  ;  on  cidorination, 
mono-,  di-,  tri-,  and  tetra-  chJoro  derivatives ; 
on  nitration  mono-,  di-,  and  tetranitro 
derivatives;  on  sulphonation  a  disulpbonic  acid 
are  obtained. 

CdiiMitution.  Bamber-<  r  and  riiilip  f.\nnn- 
len,  1890, 240, 108)  regartled  pyrene as  containing 
the  naphthalene  nucleus  to  which  Uvo  benzene 
nuclei  were  ji  iincd  in  the  ]«  ri  p  'sif  i(  'O,,.  A i  cording 
toGoldschniidt  (t'iicni.  Zmtr.  l;»07,[i.j  1^21), and 
Langstein  (ibid.  Il)10,[ii.  j  17tiO),  the  arrnngcmcnt 
of  thelinkiiigs  in  the  molecule  is  different,  p_\Tf  no 
(1.),  pvTcne  quinone  (11.),  and  pjTenic  acid  (HI.) 
having  the  constitutions  given  below— 


il  I' 


C0-NC,H4-S0gNa 

(lartrasiue.) 

TactnsiiM  li  tbenloco  tiia  sodimn  salt  of 


CO, 


Y 


CO 


I 

II. 


CO. 


I.  A  )' 

iiooc  iouH 
III. 
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PYRENE. 


]^vraie  is  also  dosdy  related  to  tbebenoU  from 
•modi  it  is  obtained  by  reduction  with  nno 
dust  (FrcMiml,  Ber.  1897,  30,  1357,  1374). 

PYRENOL,  PYROSAL  v.  8vNTUJtTlc  OBUOS. 

PYRETHRIC  ACID  v.  Rusins. 

PYRETHBIW  «.  PtIUtory  resin,  art.  Rksins. 

PYRETOL.  The  active  principle  of  'insect 
powder'  (Pyrethruin  tlowers).  An  odourless, 
non-volatile  light  yellow  retinoid  substance 
extremely  toxic  to  ct^ld-hloodiMl  inurnal>:. 

PYRIDINE  DERIVATIVES.  DYESTUFFS, 
and  HOMOLOGUES  v.  Bonk  oil. 

PYRIHIDINES  or  METADIAZINES  am  com- 
pouudb  coutaiuing  the  hetc^rocyclic  ring 


wkich,  on  oxidation  with  potassiujii  j^rmanga- 
nate,  yields  pyrimidi»e'4t-ea»boxifiie  aad 


• 


The  eariiest  known  mcnibcrs  of  the  series 
were  termed  cj/atuUkine*,  because  they  were 
obtained  by  the  polymerisation  of  alkyl  nitrilee 

by  the  action  of  .Mxiiuni  or  .sodium  rthoxitic 
Cyanethinc  was  diiicovered  by  KolU'  and  i-Vank- 
laod  (Annalen,  1848,  68,  209).  E.  v.  Meyer 
(Ber.  1871,  4,  176:  J.  pr.  Chem.  1883,  [ii.] 
27,  152;  1889.  [iU  39,  166;  [u.]  40.  303) 
prepared  the  lower  homologue  cyanmdkbMt  ud 
showed  that   it  was  a  metadiazinc,  amino- 

lUmUhyhiKladiazinc  ^^oC^-q^H^^^'^' 

that  the  hydroxy  derivative  obtauned  by  the 
action  of  nitrous  acid  (Wollner,  tMI.  1884.  fH.l 

29,  131),  hifdroxydimetht/lmftaditiri itt ,  is  iiiciitieal 
with  the  dinictftylhydroxi/pi/rimidiur.  ubtaiucd  by 
Pinner  (Ber.  1884,  17,  2519;  18Hr>,  18,  769, 
281S;  1SS7.  20,  2:{()l  ;  1SS!»,  22,  |til2)  by  the 
condcubution  of  ethyl  acetoacctut<:  uud  acetami- 
dine 

NH :  CMe-Nirj+rOjEtCH^COMc 

=NIl :  CMoMI  CO  CH,  COMe+EtOH. 
NH :  CMe  NH  CO  CH,-COMe 

-^NH<^^7j}>CMe.0H 

N«<^?g>CM-  ->  N<^^g>CMe 

Pinner  gave  the  name  pyrimidine  to  the 

then  hyi  othctical  first  member  of  tlu-  yi  rif>t, 
becaube  it  titandd  in  the  same  relation  tu  pyridine 
aa  does  pyridine  to  benaene : — 


Seiuene.  Pyridine. 
rii  NCH. 
N:UH' 
ryrimidUic. 


Pyriinldlne  C4H,Ni,  was  obtained  by  Gabriel 
and  Colman  (Ikr.  LSUO,  32,  1525)  from  methyl- 
uraoU  {A-ineihyl-2  :  ii-dioxytetrahydropyrimidinr) 
by  the  foUowing  8eric«  of  reactiona :  mcthyl- 
ur.icil  is  cou verted  l.y  the  action  of  phosphoryl 
ohloridB    into    \-mdhyl-2  :  (i  dicfdoropyrimiditu 


NCM 


^. .     ,j  -C'll,  thi.s  is  reduced  by  £iuc-du»t 
and  water  to  4.-infthyipyritHidiiie 


CH<?^-c(C0;»j5«H. 

from   which   yyrimtdinc  CH<** 
obtained  by  distillation. 


IS 


P^Timidine  is  more 
conveniently  obtained  by  reducing  with  line* 
dust  the  2:4:  (i4richloropyrimidine 


N:OCI>^ 

obtained  by  the  action  «f  iilio-]ihoryl  chloride 
on  barbituric  acid  (2:4:  \i-trioxyhexahydropyr- 
imidine)  (Gabriel.  Ber.  1900,  3S.I666;  Gabriel 
and  (Vtlman,  »6irf.  KMI4.  ^7.  ;  <>r  hy  similarly 

reducing  2:4:5: 6-tetracbloropyriniidine  ob- 
tained from  alloxan  (2:4:5:  H-Mraoxyhtxa* 
hydropi/rimidine)  (Ciamician  and  Ma^naghi,  ibid. 
1885,  is,  3444),  or  from  dialuric  acid  (2:4:0- 
trioxy-^-hydruxyhrxah  y'lropyrimidtne)  (Emery, 
ibid.  1901, 34,  4178).  Pynimdino  is  a  erj-stailine 
compound  with  a  penetrating,  stupefying  odour, 
it  ha^  m.p.  20^-22%  b.p.  12:J  5'-12477G2  mm.  ; 
it  is  soluble  in  water,  forming  a  solution  neutral 
to  litmus ;  the  merewriehionde  and  auricfiloridc 
are  crystalline,  the  latter  melts  at  22(>°  ;  the 
picuUe  forms  jiale  yellow  needles,  and  has  m.p. 
15G^.  2:4:  (i-Trichloropyritnidine  has  m.p.  21°, 
and  b.p.  213''/766  mm.  (Gabriel,  Ber.  1900.  33, 
36ft6) ;  2:4:5:  Q-tetrachloropyrimidine  has  m.p. 
70°,  yields  tricMorokxlopyrimtil i m:,  m.p.  93^-94'', 
and  ditMorodiiodopyrimtdine,  ni.p.  169°,  by  the 
action  oi  sodium  iodide ;  2:4:6:  d-UlnAromo- 
pijrimidinA  has  m.p.  165^-106°  (Emery,  I.e.). 

2:4:  i\  Triafnin»pyrimidint,  m.p.  246''-24G°, 
obtained  by  the  action  of  alcoholio  ammonia  on 
the  trichloro  compoimd  forma  crystalline  salts, 
and  is  converted  by  fuuiin;^  nitric  and  sulphuric 
acids  into  6-fn7ro-2  :  4  :  ii-triaminopyrimidine, 
which  on  reduction  yields  2iii5:(i-tetraamin0- 
pyrimidine,  orange-ycUow  prisms,  with  no  definite 
melting-point, forming  a  .stronnlyalk;dine  solution 
in  water  and  yielding  crystalline  salts  (Gabriel, 
Ber.  1901,  34,8362);  2  x  AMUoroS-minpyr' 
imidine,  obtained  by  heating  5-nitrouracil  with 
phosphonl  chloride,  has  m.p.  20*3°,  and  b.p. 
153°-155V58  mm.;  it  yields  with  ammonia 
2-cfili>ro  ~i  nilro-4-amitio-pt/rimidirUt  m.p.  217% 
which  can  be  reduced  to  4  :  5-diaminapyritnidine, 
m.p.  202  5%  b.p.  229732  nun.  (Isay,  Md,  1906, 
39, 260). 

A  very  large  number  of  pyrimidine  deriva* 
tives  have  been  i)rcpared,  and  the  chemistry 
of  the  group  covers  a  wide  licld,  much  of  it 
lying  beyond  the  scope  ot  this  present  artide. 
Certain  of  th"  jiyriniidincs,  C'jtosinc,  (hijniirtr,  and 
uracil,  occur  annuig  tlie  degradation  products  of 
the  proteins ;  others,  including  the  alkyl  deriva- 
tives of  barbituric  acid,  have  important  thcra* 
peutio  properties  ;  and  these  merit  description. 

C^FtMoe,  t'Oiey'Q-aminodihydnpyrimidim 

C4^.N,0„H,0 ;  CO<^^g{/>C!H,waadia. 

covered  by  Kosscl  and  Neumann  (IVr.  1S94, 
27,  2215)  among  the  products  of  hydrolyjiib  of 
nucleic  acid  from  the  thyroid  gland,  and  has 
been  similarly  obtained  from  the  nucbic  acid^! 
of  the  t<.'sticle  of  the  sturgeon  and  herring 
(Kos^t^l  and  Steudcl.  Zeitsch.  physiol.  Chem. 
1902.  37,  177),  and  other  nucleic  acids  of  both 
animal  and  v^etable  orimn  (Inouye,  ibid. 
>  1906,46^201;  fibndei  and  Levene^  AmI.  1906, 
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46,  153;  KtOO.  47.  140;  40.  202;  .W,  ]; 
KoMei  and  iSteudel,  ibid.  11K>3,  49  ;  Osborne 
and  Heyl»  'Am«r.  J.  Physidl.  1908,  21,  157 ; 

Whcelor  and  Johnson,  Amer.  Cht-ni.  J.  1903, 
29,  .Wi") ;  Scbreiuer  and  Luthrup,  J.  Amer. 
Chom.  Soc.  1912,  34,  1242). 

The  question  has  been  raised  liy  Binian 
(Zeitsch.  physiol.  Cheni.  1907,  r»l,  438),  and  by 
Osborne  and  Heyl  (Amer.  J.  PhyHioL  1908, 
21,  167),  whether  the  pyiimiiiine  bases  from 
nndeio  add  are  primary  products  of  hydrolyaiH 
or  arise  from  the  purine  bases  by  ;i  process  of 
hydroiyais  and  reduction.  The  renultn  obtained 
by  Levene  and  Jacobe,  and  La  Forge  (Ber. 
1910,  43,  3ir»0  ;  1911,  44,  1027;  1912.  45,  (M)8), 
serve  to  hUow  that  these  bases  are  primary  pro- 
ducts of  hydrolysis,  for  the  authorH  have  isolated 
the  pyrinudine  nucleotides,  cytiiline  nucleotide 
P0(0H),-0-C,H„04N,  and  uridine  nucleotide 
PO(OH),  0-C,H„OsN,  by  the  partial  hydrolysis 
of  yeaat  mtdeio  acid,  and  shown  that  oytidine 
is  a  complex  oontaining  one  molecule  of  cytoeine 
and  one  of  ribose.  Cijiidine  crystaUincs  in  long 
needles,  m.p.  230°  (decomposition),  it  has 
[o]**+29'63%  and  forms  a  sparingly  soluble 
nitrate ;  the  picrate  has  m.p.  186°-187°,  the 
^ulphitt'  233°,  and  the  hi/drochloridf  m.p. 

218^,  and  the  tribcnzoyl  derivative  has  m.p. 
205". 

Pytosine  has  been  prepared  synthetically  by 
Wheeler  and  Johnson  (Amer.  Chem.  J.  1903, 
29,  492,  .WS)  b}'  the  follii\viii.r  scrie.s  of  reactions : 
^thylthiocarbamide  hydhodide  and  ethyl 
ndioiomylaoetate  condense  to  form  2^yMto(- 

S-oxyiikginpyrimiiine  ElS'C<^";^{J>CH, 

converted  by  the  action  of  pho8i)!ionis  penta- 
ehb)ride     into  2-ethi/Uhiol-6-chl(/ropi/rtmid{nc 
N :  CCI  1 

EuS-C^jg- ■  ^jj^>CH,  this  reacts  with  alcoholic 

ammonia  to  form  the  O-amt'no  derivative,  which 
yidds,  on  prolonged  ImHng  with  hydzobromic 
add,  i-^Kqf-^^minodihijdrojn/rimidine 


identical  with  the  natural  cytosine. 

Cytosine  crystallises  with  one  molecule  of 
water  in  thin  colourless  pearly  plate.s,  becomes 
anhydrous  nt  KMj'',  blackens  at'30U°,  and  decom- 
p>seK  at  320°-326°;  it  is  insoluble  in  ether, 
sparingly  solnUe  in  alcohol  or  water,  1  part 
dissolving  in  129  part^j  of  water  at  2r>\ 

Cytosine  is  readily  converted  into  uracil 
(2  :  O  dioiTtetiahydiopjrrimidine)  by  the  action 
of  nitrous  aci<l,  or  partially  by  heating  with 
20  p.c.  .sulphuric  acid  at  IW-ITO".  Both 
cytosine  and  uracil  iiiw  a  choracteristio  purple 
colour  when  di88t)lve<i  in  bromine  water,  and 
the  solution  treated  with  barium  hydroxide 
solution;  the  dibromohydruxyhydrouraeil  first 
formed  is  converted  by  the  barium  hydroxide 
into  ««Hlialario  add,  ^ich  immediately  under- 
K'oes  a  rearrarmciiient  in  tin-  allijihne  sofution  to 
give  the  purple  barium  suit  of  dialuric  acid 
(Wheeler  and  Johnson,  J.  Biol.  C!hem.  1907,  3, 
183).  Cyfosiiir,  thymine  or  uracil  gives  with 
diazobeuzenesiilphouie  a(  id  u  red  solution  in  the 
nnseuoe  of  alkali,  the  colour  given  by  thymine 
oeing  the  most  intense  (Johnson  and  Clapii.  J. 
Biol.  Chem.  1908,  6, 163). 

iSafts.— C>ytosine  foius  oiystaUme  salts  with 


acids,  and  cfimjxiunds  with  certain  metallio 
salts  (Kossel  and  iSteudel,  Zeitsch,  physiol.  Chem. 
1903,  38,  49;  Kutaoher,  ibid.  170;  Wheeler 
and  Jamieson.  J.  Biol.  Chem.  1908,  4,  111; 
Wheeler  and  Johnson,  Amer.  Chem.  J.  1904, 

31,  091,  60S) ;  the  hyMOorUe 

C.HjN3O,Ha,H,0, 

forms  large  plates  that  become  anhydrous  at  fiO% 
and  mdt  at  278"-879^ ;  the  oefd  soK 

C4H5N,0,2HC1 

forms  flat  prisms  ;  the  hydrubromiit 

C^HjNaO  HBr, 

shining  prisms;  nitrate  C^lfjNjOHNO. ;  btutic 
sulphate  (C4H5N30)4H;S0«,2H,0,  sparingly 
soluble  needles,  decomposes  at  323° ;  normal 
sulphate  (('4H5N,()),-H,S(),.2HjO,  prisms,  m.p. 
287-^  ;  „rul  .snlphaU  ( "4 M  .N'aO-H ..SO,,  rlioi.ihie 
crystals,  m.p.  197°;  pA<wj>/ia/e  C4HgN,0-H»i'04, 
prisms,  m.p.  236°  ;  the  tiher  nitnie  compownd 
C4H.Nj,0-Af:N()3  forms  necflles  ;  platinichlon'de 
(C4H5N,0-HCl),PtCl4,  sparinsiv  soluble  yeUow 
crystaU;  pierate  C4H5N,0  (  ;h,NjO„  yellow 
shining  needles,  m.p.  270°  (Kossel  and  S)<  u(lcl), 
300*-306*  (Wheeler  and  Johnson);  the  ptcro- 
lonair  ( \H^^j(),(\oii,^tOf  fofms  fine  needles  <» 
prisms,  m.p.  270''-273°. 

8vbtiitvl«d  defTrafi«e«.-.-4-OftlofwyftwtfM 

forms  small  needles,  does  not  melt  at  300° 
(Wheeler  and  Jamieson,  Amer.  Chem.  J.  1904, 

32,  342);  5-bnnaocutoeine  C«H40N,Br  decom- 
poeee  at  3B5*  (Wheeler  and  Johnson,  ibid.  1904. 
31,  oOl);  6  ioJocj//o*infi  C4H40N,l  decomposes 
between  225"  and  246"  (Johnson  and  Johns, 
J.  Biol.  Chem.  1906,  1,  306).  The  pierafe 
C'lH^ONjI-C^HjO^Ns  decomp.jses  at  247*-267*  ; 
[i  nitrocyUmne  C4H4N,0  XO„  formed  by  direct 
nitration  d  cytooiae,  crystallises  in  colourless 
needles,  decomposes  at  300° ;  the  hi/drochlmidp 
CiH^OaNj.HCl  does  not  decompocie  UJow  300"  ; 
on  reduction  the  nitro  derivative  yields  6-amino- 
cytosim  (6 : 6-diamino-6-oxydihydn>pyrimidine) 
C4H40N,(NH,),H,0,  this  loses  H,0  at  120°- 
130°,  and  decompo.se8  aUjvo  230"  (.Johnsun, 
Johns  and  Heyl,  Amer.  Chem.  J,  1906,  36, 160). 
20xy-(i-a€etatn4nodihifdfopyrimidine,  obtained 
by  heating  cytosine  with  acetic  anhydride,  d.-j-g 
not  melt  at  3W  (Wheeler  and  Johnson,  Amer. 
Chem.  J.  19<j;{,  29,  492). 

Cj/tonnc-5-carboxylic  acid 

de<(miposes  at  25G°-2^)7^  the  amide  does  not 
mtlt  at  310°,  the  hydrvchluride,  nUreUet  tndphatt, 
un«l  picratt:  are  crystaUine  (Wheeler  and  JohiM» 
Amer.  Chem.  J.  1907,  38,  684  j  1908^  40,  233), 

Cytoaine-5-acHtc  acid 

C0<5;;/jC(NH^)>CClI,-€0,H 

l)lackens  at  240^-250°,  does  not  melt  below 
290°,  the  picraU  has  m.p.  217*-218"  (Johnson, 
Peck  and  Ambler,  J.  Amer.  Chem.  800.  1911, 

33,  758).  * 

'i>^  Cytosine,  2-tmino-(l-oxjfdihyirop!frimidine 
H,N'C<«^;^>C!H.  piepand  by  the  con- 
densation of  ethyl  aodioformvlact  tato  with 
guamdmc,  cry stoUiscs  from  water  in  thick  prisms, 
melts  at  27G"  with  decomposition  (Wheeler 
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and  Johnson.  Amer.  Chem.  J.  1903,  20,  492) ; 
for  the  i^alts  and  derivatives,  see  Whoelcr  and 
Johnson.  Araer.  Chcm.  J.  1903,  29,  492;  1904, 
31,  591;  Wheeler  and  JftmiMon^  J.  MoL  Chem. 
1908,  4,  111. 

Dlldlt  2 :  f^ioxytelnth/Jropifriil^idiM 

was  first  obtainiM,  together  with  thymine  and 
cytoHine,  by  the  hydrolysis  of  yeast  nucleic 
acid  (Ascoli,  Zoitsoh.  phynol.  Chen.  1900.  31, 
IGl),  and  is  siniilailv  formed  fmm  other  nucleic 
acids  (Kossel  and  Steudcl,  ibid.  1902,  37,  245 ; 
Levene,  iWd.  1903,  39,  4  ;  Leveno  and  Strokey, 
ibid.  1904,  41,  404);  it  is  also  obtained  on 
autolysis  of  pancreius  (Ijevene,  ibid.  1903,  37, 
527;  Reh,  Beitr.chem.  Physiol.  Path.  1903,  3, 
M9;  Jones,  Zeitsch.  physiol.  Chem.  1904,  42, 
36;  l^v«ne  and  Mandel,  ibid.  1906,  49,  2G2) ; 
and  forms  one  of  the  )>asc8  not  precipitated  by 
ammoniacai  silver  nitrate  from  seoalo  extract 
(Engeland  and  Kutscher,  GentralbL  HtyrioL 
1910.  24,  r>S9). 

By  the  partial  hydrolysis  of  yeast  nucleic 
add,  Xevune,  Jacobs  and  la  Forge  (Ber.  1910, 
43,  3150 ;  JlHl.  41.  1027  ;  1912,  i6»  608)  have 
obtained  the  uridine  nuckolide 

P(0H),'0-C,H„O,N„ 
from  which  the  nuclooside  uriilim''  r^Hj^OgNj 
can  be  prcparod  by  hydrolysis  with  ammonia ; 
it  can  also  m  obtained  by  the  aotiom  of  nitrous 
acid  on  cytiHinr.  Uridine  is*  n.  complex  con- 
taining uracil  and  riboscin  molecular  pKiportion, 
it  ocyatallises  in  long  prismatic  needles,  m.p. 
165»,  and  has  [a]J0+5■15^  [ago+6-40°;  6- 
bromonridine  has  m.p.  18r^-184°,  [a]f  1-15-4°; 
hydros  tjurviine  has  m.p.  222  -223  ",  the  pitcnyl- 
hydrazidt  has  m.p.  209° ;  dikydftmridint  is  a 
colonrles.s  syrup,  [a],,  f  391°. 

Synthesis. — Fiscliei  aud  Roeder  (Ber.  1901, 
84,  8761)  synthesised  uracil  from  acrylic  acid 
and  carbamide,  these  condense  at  210°-220° 
to  form  dihydrourueil,  which  is  converted  by 
bromine  into  bromodihydrounu  il,  and  this  loses 
HBr  on  heating  with  pyridine,  antl  yields  uracil 

Uracil  liai  also  been  prepared  .synthetically 
by  Gabriel  and  Colman  (Ber.  1903,  3«,  3379) 
from  tri(  hioropyrimidine;  and  by  Wheeler, 
Merriaiu,  and  others  (Amer.  Chem.  J.  1903,  29, 
478;  J.  Biol.  Chem.  1905,2,  105;  Amcr.Choni. 
J.  1907,  37,  392  ;  40,  647)  from  thiourea  and 
ethyl  sudiofonnylaeetate.  Uradl  forms  a  odour- 
less crvstuUine  powder  consisting  of  rosettes  of 
fine  needles,  blackens  at  280",  untl  mv\U  with 
decomposition  at  338";  it  is  sparingly  soluble 
in  cold,  and  readily  suluVile  in  hot,  water,  dis- 
solves readily  in  ammonia,  is*  insoluble  in  alcohol 
or  ether,  and  is  not  decomposed  on  boiling  with 
alkalis.  .  . 

Uracil,  like  cytosine,  gives  a  characteristic 
purple  colour  when  dissolved  in  bromine  water, 
and  the  solution  treated  with  barium  hydroxide 
solution ;  and,  like  cytosine  and  thymine,  gives 
n  red  roloTir  with  diiizobcnzcncHulphonic  aoid  in 
tiiu  pieseiiec  of  alkali  (v.  Cytorsine). 

Halts. — Uracil  forms  salts  in  whieh  one  or 
two  atoms  of  hydrogen  ara  replaced  by  metals. 


the  sodium  salt  C«H,0,X,Na,iH,0  forms  needles 
from  alcohol  and  water ;  the  potassium  salt 
C4lI,0jNjK,H,0,  long  needles  sparingly  soluble 
in  dilute  alcohol;  the  mercury  C«U,02N.>ig 
and  lead  CfUiDiNtPb  salts  are  white  pre'  i])i> 
tateSy  wy  sparingly  soluble  in  water  (Myers. 
J.  Biol.  Chem.  1910,  7,  249;  Johnson  and 
Clapp,  ibid.  1908,  5,  49). 

iittbstituted  derivatives.  5-Chhmuracil,  pn>- 
pared  by  the  action  of  chloiiuo  Mater  on  nracd, 
ho*  m.p.  300°-306*  (Johnson,  Amer.  t  lum.  J. 
1908,  40,  19) ;  5-6r<mM>ur(M:a  has  nup.  293°  with 
decomfxjsition  (Wheeler  and  Merriam,  ibid.  \WS, 
29,  478);  r,-iw!oar(ir,l  has  m.]).  272''  witli 
decomposition  (Johnson  and  Johns,  J.  Biol. 
Chem.  1906, 1, 305) ;  5-cyam»»rac»{ forms  prisms, 
m.p.  295°  (Johnson,  Amer.  Chem.  J.  1909,  42, 
505).  S-A't/rtmroci/ forms  golden  yellow  needlca, 
that  decompose  without  melting  ;  the  j'of't.iHlim, 
ammonium,  cakium,  barium,  zinc,  and  copp*r 
salts  are  crystalline  (Behrend,  Annaleu,  li»»7, 
240,  1  ;  Behrend  and  Grunwald,  ibid.  1899,  309. 
254 ;  Johnson,  Amer.  Chem.  J.  1908,  40,  19). 
5-Amtrumraeil  crystallises  from  water  in  thick 
felted  needles  that  deeoni])ohe  without  nielting; 
the  nitrate  crystfdiises  with  lU.O ;  the  ptcraU 
ha8ra.p.247'>-248^;the<Keltfldenvative  subhmea 
without  decomposition;  the  hcvzoyl  derivative 
lias  m.p.  283°-287°  (Behrend  and  Ciruuwald, 
I.e. ;  Wheeler  and  Bristol,  Amer.  Chem.  J. 
1905,  ?>'^,  437)  ;  4  :  6-rfiaC€fyW/'f  mino«ract7 sinters 
at  300"  aud  dccamposcs  at  a  higher  temperature 
(Boehringer  and  Sohne,  D.  R.   1'.  12t3797]. 

^  •.^DihuirwrmciA  QJdJd^t  ^  °i-P'  .^'^  » 
and  sabnmes  without  decompomtion  at  higher 

temperatures,  crystallises  in  four  sided  plates; 
the  sUim  salt  C«H|iO,NgAg  is  cry»taUine ;  the 
6rowo  derivative  C4HtBrOaKt  is  a  colourless 
crystalline  powder,  soluble  in  5  pSrts  of  hot 
water,  or  10  parlji  of  hot  alcohol  (Weidel  and 
Roithner,  Monatsh.  1896,  17,  172;  Tafel,  Ber. 
190t),  3385;  1901,  34,  144;  Fischer  and 
Rocder.  ibid.  1901,  34,  3751).  2-riWb«nietf 
CtH^ONjS,  colourless  prisniatie  plates,  m.pL 
340**  with  decompof^ition  ;  ^  tkUiwracil 
C^ii^ONjS, 

small  yellow  needles,  that  blacken  at  270°, 
melt  and  decoTnpose  at  328°  ;  2  :  6-di(hiouracil 
C4H4NjS2.  thai  yellow  needles,  decompo-sing 
above  '2'Mr  (Wheeler  and  Liddlc,  Amer.  Chem. 
J.    1908,   40,   547).    Uracil  Acarboxylic  acid 

NH<rJ^|^'^JJ^CrO,H,H,0,   has    m.p.  347« 

(decomp.);  the  dhyl  ester  is  obtained  by  the  con- 
densation of  carbamide  with  ethyl  ...x  ilaeetato; 
the  riuthyl  ester  has  m.p.  230'  (WheeJer,  tl>id. 
1907,  3i>,  358);  uracil-d-curbuxylic  acid,  colour- 
less prisms,  raelta  and  decomposes  «t  278°  • 
the  >/( '  th  ifl  ester  forms  prisms  that  decompose  ai 
233^  (Wheeler,  Johnson  and  Johns,  ibid.  1907, 
37,  392).   Vraeil^'9utic  acid 

HOOC-CH,N<^;^g>CO 

ni.p.  286*,  with  decomposition  ;  the  mtihyl  uter 
has  m.p.  216°,  the  5-bromo  derivative  melts  and 
decomposes  at  244°,  the  5-nitro  derivative  melts 
at  284*'-266°  with  decomposition.  Uraeii-4- 

auiic  acid  NH<gg;^>C-CH,'CO.H.H,0  has 

m.p.  340°,  is  soluble  in  S  parf.^  of  iH.iling.  or 
30  parts  of  cold  water  |  the  dhyl  crfkr  has  m.p. 
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IS/^-lSO"  ;  tho  ifuthtjl  e/tttr  haa  m.p.  216^-218°; 
%ho  6-nitro  dehvativ«  deoompoflea  at  153° 
(Wheeler  and  Liddle,  Amer.  Chenu  J.  1908. 
SO,  1152). 

A  iurge  numlK>r  oi  alkyi  and  aryl  »ulwtituted 
derivatives  of  uracil  have  been  prepared  (Jobn- 
«on  and  Di-rliy.  Amer.  Chetii.  J.  JWS,  40.  441  ; 
Fischer  aud  K..Hdur,  Ber.  liKU,  lU,  37.');i.  '^1^2  ; 
\\  lii  c  l<  r  jind  Mcrriam,  Amer.  Chem.  J.  Jl'o.5. 
29,  Wheeler  and  Bristol,  ibid.  1»05,  33. 

448;  Johnson  and  Hevl,  ibid.  1907,  37,  »528 ; 
Jiehrcnd,  Aimalen,  1885,  229,  8,  17  ;  231,  249; 
fiehrend  and  Roaen,  ibid,  1889,  251.  238; 
Behrend  and  Dietrich,  ihid.  1889,  W9,  260; 
Behrend  and  Thiim,  ibid.    1002.  UW ; 

Hiigen,  1888,  244,  1  ;  St<>ud»I,  Zeits«:h.  phvsiol. 
r'hcm.  1900,  30,  539;  Maizura,  Ber.  1908',  41, 
17G;  JohnHon  and  Clapp.  J.  Biol.  ('hem.  1908, 
a,  49;  Johnstm  and  JMenjre,  ibid.  190«i.  2,  U»r>). 
The  6-}n€f%2  derivative  or  thymine  is  the  only 
one  that  ocean  among  tho  protein  degradation 
ptmhictB. 

Thymine,  ri  m»ihylurncil,  r>  indhifi-2 :  fk-dUmy- 
Mrahj^rofyrimidine,  CjU,O.Nj. 

was  diitcovorod  by  Kixsi>el  and  Xetiman  (Iter. 
1893,  28,  2758;  1894,  27,  2215)  amonj?  the 
|>i.  .Im  f-  (if  li\ilrul\>is  I  if  tho  nucleie  acid  from 
the  tbvioid  gland  ;  it  can  be  similarly  obtained 
from  nucleic  acidfi  of  other  origin  (Mieseber- 
.Schmiedelberjr,  Arrhiv.  exp.  Path.  u.  Phann. 
189(>,  37,  KK) ;  Kurtscl,  Zeitsch.  phyj^iol.  rliem. 
1^8,92.  188;  (;ule\vit«  h.  ibid.  1899,  27,  292- 
Levene,  ibid.  1902,  37.  402;  15)03.  39,  4.  i:i3. 
479 ;  Inouye.  ibid.  1905.  46.  201  ;  Mandel  and 
licvene,  ibid.  ]•«!:<.  40,  155  ;  1{K)6,  47,  140) ;  and 
is  also  formed  in  the  autolysis  of  the  thyroid 
irland,  lymph  (.dands,  and  pancreas  (Katacher, 
Zeit.-^h.  phy M  i!  (  hem.  PK)1.  34,  114;  Pch, 
lieitr.  chem.  Phyf-iol.  Path.  15)f)3,  3,  5(>9;  Ix  vene, 
2eit.>*<  h.  phyuiof,  (  hem.  im»5,  45,  498). 

Si/nfhf't'  .  KiM-her  and  Boeder  (Ber.  1901, 
3t,  37.'>1)  !<!(. pared  5-tnrthyldihtfdrouracil  (}nj*lro- 
thi/mint  )  by  the  condenNatiim  of  carlHimide  and 
methyl  acrylic  acid,  and  the  bromo  derivative  of 
thin  compound  ia  converted  by  heating  with 
;»lkiili  iir  pyridine  into  T^-mrlhylurncil  or  Ihi/minr. 
Other  methoiis  of  ayntheaiii  are  deacribed  by 
Wheebr  and  Meiriam  (Amer.  Chem.  J.  1903, 29, 
478)  from  i^-irtrthylthi.  <  ,irh;uiHf!e  hydrimlidi 
and  ethyl  >M>dioforinylpropionate ;  aud  by 
(Jerngross  (Ber.  1905.  38,  3394.  SKW)  from 
2:4:  0-trichloro-5-methylp,\Timidine  obtained  ' 
from  5-methylbarbituric  acid. 

Thymine  ery.stallise.s  from  water  in  four- 
aided  platen,  or  stellate  groupa  of  small  plate<i ; 
when  carefully  heated  it  snbtimea,  when  heated 
r  ipiilly  it  Minten*  at  318°,  and  melt.-*  with  decom- 
p<>rtiti(»n  at  321°  (Fi«cher  and  Btieder,  Ber. 
19(tl,  34. 375M  ;  Steudel,  Zdtach.  phvKioL  (Item. 
l\HKK  30,  5.39):  at  .325  335^  (JohiiK^.n  and 
Mackenzie,  Aiiier.  (  iRm.  J.  1909,  42,  3t>y). 
Thymine  has  n  bitter  tn.nte,  it  ia  sparingly  f«olttble 
in  cold,  readily  soluble  in  hot  water,  UM)  parts 
of  water  at  25'  distsolve  (J-404  parts,  and  the 
solution  i-^  n  iitrul;  it  is  spariiii:ly  .soluMe  iii 
alcohol  or  cthur,  and  can  l^^  vf  <  ryHtnUisrd  from 
concentrated  hvdriodic  oi  li  m ] r< ibromic  add. 

Snld.-  'I'ho"/W<M*n/m  (,'jH  ^Nj(  ►,K.Ur,( »  and 
aodmm  salts  C^H^N,0,^^acryst4^]li^c  from  dilute 
all  ohol ;  the  m/rctiry  salt  CtHiNsU.Hg  i«  «  white 


precipiUte;  the  had  salt  C.ll4Nj(),Pb,2H,0 
cryatallises  in  needles  (Myers.  J.  Biol.  Chem. 
1910. 7. 249). 

DenvaUxvtt.^^ :  S  Dihythotkymiiut 

jiK  partnl  by  the  condensation  of  methyl  acrylic 
arid  with  carbamide,  fi>rm.s  micro(«<  upi.  i  rv>f  .ils, 
m,p.  264°-2ti5°  (corr.)  (Fischer  and  Roedcr,  Ber. 
1901, 34. 3768).  A-Hydrmif  5-mtnhi :  S-dihyinh 

by  rapid  evaporation  to  dryness  of  a  solution  of 
thymme  in  fuming  nitric  acid,  crystallises  in 
triclinic  prisms,  m.p.  183'^- 185"  (a-  variety),  but 
»om«  tinier  2;J0^^-235°  (0-  variety);  the  sparing 
solubilitj^  in  alcohol  of  this  eomponnd,  as  oom> 
l«irod  with  the  ten  ly  i^nlnbjlity  of  the  nitio* 
derivativr  of  iii,\ril,  fMini-  \  hr  Ivisis  of  a  method 
of  separating  the  twu  pvniiiKlitK's  (Johntiou, 
Amer.  ("hem.  J.  1908,  40,' 34  ;  J.  Bi«)l.  Chem. 
1908,  4,  407).    Th,/>n ,  4-mrboxtfUc  acid 

m.p.  328^-330'' ;  the  pola§num,kad,  and  barium 
salts  are  cry»tulline ;  the  ethyl  t«Ur  has  m.p. 

(Johnm^n,  J.  Biol.  Chem.  1907.  3,  299). 
Thifmine-H'-i  nrboxylic  acid  {tkymine-u-earbcaciiUe 

add  CO<^{J;Jr^>C'CH,<0,H,   melts  and 

dci  omposes  at  315°  tV^f)".  The  I' n«I  and  ]>n{n<. 
Ilium  saltM  are  described  i-lohnson  aud  tijH'h, 
Amer.  Chem.  J.  1907|  38,  mi). 

i-ThMhifmne  CS<5}J.(V}^>CWre»  pro- 
duced by  the  condensation  of  thioun-a  with 
ethyl  sodioformylpropionate,  forma  ciyHtaiiine 
sodtttm,  potoanvm  and  copper  salts,  and  ia  con- 
verted qnarit  i(;if  i vely  into  thyniiiu  1>%  (  ^  ijjorat- 
ing  to  drynes-H  an  aqiieous  soliititm  containing 
a  slight  excess  of  chloracetic  acid  (Wheeler  and 
McFarland,  Amer.  Chem.  J.  1910,  43.  -ITn. 
2  :  6-JJithiothytuiiie  ('jH^N^S,.  yellow  needles, 
m.p.  28P*,  with  de<:omposition  ;  i'^-thiothymine, 
yellow  silky  needles.  m.p.  330*^  (Wiiceler  and 
MeFarland,  I.e.), 

For  the  (ilki/l  derivatives  of  thymine,  r. 
Johnson  and  Clapp,  J.  Biol.  Chem.  1908,  5,  49 ; 
Nteudel.  Zettaeh.  phvsiol.  Chem.  lOOO.  30,  539; 
Wh.  In  ;umI  M-  F.iI  uhI.  Amer.  Chem.  .1.  1910, 
4'.i.  A.'};  Juhnson  and  J>erby,  ibid.  IIRIS,  4(j, 
45r»,  457. 

Barbituric  acid,  muhmykaibni  '  lr.  2  :  i:{\- 

trioxyhcxnhydropyrimidinc     (  0  '^^ \;|{ .( \y     ^  t 

was  first  obtained  by  Baever  (Annnlen,  l.S(i3, 
127,  199;  1H(;4,  130,  136^  by  reducing  with 
hx'iir  n  i:  (iiilr  of  SfKlium  ainjil;;am,  the  cinu- 
|xjund  (dibromobarbiluric  acid)  prepare<l  by  tho 
action  of  bromine  on  violuric  or  dilittirie  acid. 
It  ciin  be  prepared  by  the  rcducijiu'  ii«  ti,.ri  of 
warm  c<m<  cut  r.ite«l  sulphuric  acid  oii  ailuxaiiliu 
(Finck.  tbid.  \sm,  132,  304  | ;  or  synl  In  ti<  ally 
by  the  condensation  of  nialoiiic  aii<l  with 
carl)aiui(le  in  the  pirsfU'  c  i)f  pliosphorvl  t  hloiidi- 
((Jriiiiaux,  B  ill.  S  k-.  rhim.  |N79.  |n.  |  .M,  I  Iti) ; 
or  of  ethyl  MKitomaionatc  with  earlmmide  in 
alcoholic  solution  (Michael,  J.  pr.  ('horn.  1887, 
[ii.]  '.i'f,  ITjii).  Baibitunc  arid  lias  also  Imcm 
prepared  by  the  action  of  hot  uiinerai  or  acetic 
or  fonnic  acid  on  the  iminobarbitario  acid 
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obtained  by  the  condensation  of  carbunide 

with  ethyl  cyanacctato  in  the  presence  of 
Bodium  cthoxide  (Conrad,  Annalcn,  1905,  340, 
310);  or  similarly  from  the  di-imxnobarhitiiric 
acid  obtained  from  lualunonitrilc  and  carbamide 
(Merck.  D.  R.  P.  166448);  or  the  tri-imino- 
hnrhiiiiric  (ict'd  iibtairi'^d  l)y  the  Condensation  of 
malonouitrile  with  guanidinc  (Merck,  D.  R.  PP. 
166602.  10569S);  or  by  the  oondensatiou  of 
ethyl  malonamato  with  ^lreth^n^  (Clieniisihe 
Fabrik  auf  Aktion.  vorm.  E.  Scliering,  D.  11,  P. 
171294);  or  by  the  action  of  alkaline  oon- 
densing  agents  on  the  unideB  of  the  haU-add 
esters  of  malonio  add 

RO,C-CH,-0O  NH  CO  NH, 
fBdfliiinper  nnt!  Sohne.  D.  R.  P.  193117);  or 
by  thu  action  of  amiitonia  on  malonyl  diurethanc  ' 
(Conrad  and  Sohulze,  Bcr.  1909,  42^  729) 


atituted  derivatives  also  condense  with  al> 
dehydes  to  form  derivativeK  of  th©  type 
CO[NR;CO],C :  CHIl'  {v.  infra),  and  ^Cith 
aromatic  diazonium  salts  to  form  hydrazontg 
C0[NR-C01,C :  N'NHR',  and  an>  compounds 
C0[NR-C0],CR'N:HR"(v.AlX0XAK.aiidin/ra). 

Aoyl  derivatives  of  barbitnrie  add.  The 
acvl  derivatives  of  barbituric  acid  and  ita  1:3- 
substituted  derivatives  |Hx>bab]y  have  tlw  o(m> 
stitutioD  represented  by  the  formula 

and  are  to  be  regarded  as  esters  of  tlic  onolic 
form  of  barbituric  acid  (2 :  ^-dioxyS-hydroxy- 
tdfakyinpyrimidine),  and  ttoi  hetonea  of  the 

formula  C0<]; J;  J^gXJH-OOB'  (Whiteley  tad 

I  Judd,  private  communication).    The  acetji 


Barbituric  acid  crystallises  in  largo  colour-  j  derivative  of  barbituric  acid  and  of  ita  1:3- 


substituted  derivatives  occur  aa  bye-prodncte  in 

the  synthetic  formation  of  the  acid  from  malonio 
acid  and  the  c&rbamide  in  the  jmatmoc  ol 
phoHphoryl  chloride.  Ae^ytbmbituric  add  is  a 
golden-vcllow  powder  (Grimaux,  Compt.  rfD<l. 
1878,  87,  752;  1879,  88,  85;  Conrad  and 
Guthzcit,  Ber.  1882,  15,  2844);  l:3-dMlAyi. 
aeetylbarbituric  <i-id  CyH^NjOjAc  has  m.p. 
62-6*  (Sembrilzki.  ibid.  1897,  30,  1814);  1:3- 
diphenylacetylbarbituric  acid  C,,Hj,0,N,Ac,  ob- 
taiofid  as  a  bve-product  in  the  aynthetic  prcpara- 
I  tion  of  1 : 8-diphenyIbarbitinio  aeld,abo  prepared 
by  the  acticm  of  acetyl  chloride  on  the  sodium 
salt  of  1 : 3-diphcDyl barbituric  acid,  has  m.p. 
150%  and  forms  a  sparingly  soluble  sodium  salt ; 
1  :  ^-dip}i€nifl-5-eihylacctyU>arbiturie  acid,  ob- 
tnined  by  the  action  of  ethyl  iodide  and  silver 
oxide  (Ml  the  preceding  compound,  has  in.p.  139*. 


less  prisms  containing  2HjO.  becomes  anhy- 
drous in  the  ile^iccator,  and  decomposes  on 
mdting  at  253'  (Maquenne  block);  it  is  a 
dibano  add  forming  normal  and  add  salts, 
the  aridic  constant  ia^lO  Sl  Xl0^»  (Wood, 
Chcm.  Soc.  Trans.  190G,  1836),  and  the  aaltA 
have  1  ht  conHtitution  represented  by  the  fomnla 

^<NlIc£— 5^  (Wood  and  Anderson, 
ibid.  1909, 979) ;  the  amnwnium  C«Ha03N,(NH4), 
poiasstum  C4H,0jN,K,  sodium  C4UsO,N,Na 
and  C4U,0,N»Na^2H,0,  6on«m 

(C4H,0,N,),Ba,2H,0, 
copper  (C4Hi03N  0Cn,3H,O,  and  had 

"(J^H.OjNjPb 
salts  are  cryiitallino  (Bacycr,  Annalen,  1864 • 
130, 141). 

haa  m.]..  133*  (Ci.rad,  Annalen,  1W5.  340.  CigHi,0,NgB*. 
310)  ;  1  :  '.\  ilint€ihyU/arl>ilut  ic  u€id  l  rybtaUii*ei»  in 
(laiiened  n- -  .Jlcs  (Muldcr,  licr.  1879,  12.  465; 
Tcchow,  ibid.  1894,  27,  3082);  \  xZ-diUlujU 
barbituric  acid  has  m.p.  62°-53*'  (Scmbritzki, 
ibid.  1897, 30,  ISi  n  ;  and  1  :  3-diphcnylbarbituric 
acid  has  m.p.  238°  i^Whiteley»  Chem.  ikto.  Trans. 
1907,91,  1339). 

The  methylene  group  situated  between  two 
(X)  gron])^  in  barbituric  acid  and  in  its  1-and 

1 :  3-  Fiih  tuutcMl  derivatives  CO<^{*'J;q>CH, 

is  hij^hly  n;a«  live,  iuid  the  hydropcn  atoms  can 
be  replaced  by:  (1)  acyl  groups  forming  the 
tfff?  hiil'turic  acid.n  (v.  infra] ;  (2)  halogens 
yiuldiu^;  tlie  halogen  derivatives  of  barbituric 
acid  (y.  infra);  (3)  hvdroxvl  yielding  the 
dialuric  acids  CO[XR  (  OJiCH  OH  and  the 
aUoxan  C!0[NR-C0JX'(0H),  or  C01NU-C0]  J  o 
(q.r.);  {t  1  :i  iiiti  I  .roup,  j'ieldinu  the 'I'/ZV  r/i  f/*  ''^-^ 
CO[isU*CU],t'U  NOj  (q.v.) ;  (5)  a  niiroso  group 
forming  the  isom'dKMO  barbituric  acid*  or  violurio 
acids  CO[NR-CO]jC  :  NOH  (v.  infra) ;  (6)  the 
amino  group   yielthng   the   urainil  (niunxan) 


prepared  from  benzoyl  ehloride  and  the  eodinm 

denvativu  of  1  :  3-diphenyl  barbituric  acid,  haa 
m.p.  228"  ;  the  5'iruthyl  derivative  has  m.p.  158*, 
the  derivative  has  m.p.  243°,  and  the 

5-hromrt  derivative  melts  at  186",  and  iK  reduced 
to  llie  benzoyl  compound  by  hydrogen  iodide 
with  the  liWation  ox  one  molecular  proportion  of 
iodine  (Whiteley  and  Judd,  private  communica- 
tion; Whiteley,  Chem.  Soc.  Proc.  1908,  24.  288). 

Halogen  derivatives  of  barbituric  add  Bnnno 
derivative. — ^The  5-mono-  and  5:5-di-bromo 
derivatives  of  barbituiio  add  and  ita  1:8- 
sulotitnfcd  deriv;if  ivrs  art-  redneed  by  hydrcLTen 
iodide,  formiiig  the  original  barbituric  acid,  and 
liberating  iomne  according  to  the  equation 

CO[NB-CO],CHr.  nil 

■0[Mi(JU],CH,4-2HBr+2I„ 

the  reaction  is  quantitative,  takes  place  rapidly 
at  the  ordinary  temperature,  and  afforils  a 
ready  method  o\  analysis  (Whiteley,  Chem.  Soc 
Proc.  1908,  24,  288). 

r,-Br,m<MrbHnric  acul  rnfNIT  C01,CHBr, 
prepared  by  reducing  the  dibronio  derivative 


CO[N'RC()],CllMIj  (v.  infra),  of  which  the  j  with  sodium  amalgam  or  zinc-dust,  or  hy  licating 
'  ■"  it  with  aqueous  prussic  acid,  forms  small  lit  er! !es, 

sparingly  solublo  in  water  (Baoyer,  Anutilen. 
181)4,  130,  134).  6x6'Dibromdb'arbHuric  acid 
('(  >|  NH  rO],CBrj,  prepared  by  the  action  of 
bromine  on  barbituric,  violuric.  dilituric,  or 
hyduriiic  acid  (Baeyer,  ibid.  ISllli.  1:17,  '2'2\>\. 


aulpiiamino  derivative  is  thionuric  acid 

CULNUCOJjfHNIISOaH 
(v.  infra),  and  the  carbaniido  derivative  is  \i/-nric 
uri.I  t  (  >  \R  CO],CH  Nll-CO  NHj  (v.  infra)  ;  (7) 
ixik\  1  ::i>  Hps,  forming  the  5-  or  C-wo»o-,andfl  :  5- 
or  b  i  :!k>/lfmrbituric  aci'h  CO[NR'CO].CHR' 
and  CUiNR-(30j,CR'R"  (tr.  infra). 
Barbitacio  add  and  ita  1-  or 


[  or  by  oxidising  dibtomo-ojcymethyluracil  with 
1 : 3-'8ub.  !  fuming  nitiie  add  (Behtend*  ibid.  1686, 236,  62), 
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f<»rm»  spaiiugl^  soluble  rhuiubic  crystals,  m.p. 
234^  (decomp.).  S-Bromo-^-nKihylharbiluricaeid 
.has  lu.p.  192  -5°  (ooir.)«  Fiaobiw  and  Dilthey,  ibid. 
IdOi,  335. 334. 

1 :  Z'Diitkffl'StSMromoMUuHc  aeid 
rO[NEt-CO],CBr, 

has  m.p,  86°-87°  (corr.)  (Sembritzki,  Ber.  1897, 
30,  1814).  1  :  3-Dij>henyl-5  :  b-dibTomobarbUuric 
acid  CO[NPh-CO]CBr„C,H„  m.p.  1^2"-,  the 
benzene-ireB  componod  has  m.p.  160**  (Whiteley, 
Chem.  Soo.  Trun.  1907,  91,  1347);  6-6fwno- 
1  : 3-di'phcnyIhemoyJbarbilmic  acid  has  ni.p. 
lHt)°  (Whitclev,  Chem.  Soc.  Proc.  1908,  24,  2881. 

Chloro  derivatives. — 5  : 5-DiehlonihiKiihme 
nr  '-^,  hy  the  oxidation  nf  dichloro-oxymethyl- 
uradl.  uryBtalliseti  in  priBms  or  plates,  a:b:c 

0-7766  : 1  :  0-8929  (IJchrcnd,  ibid.  1886,  2m, 
57).  6  :  5-IHchloro-l :  Z-dimeihylbarfitiuric  ncid, 
obtained  by  treatinf?  amalic  ncid  {tt  tr.Knethyl- 
alloxantin)  with  pliosphoric  chloritlc.  has  m.p. 
157''  (Tecbow,  Ber.  1894,  27,  3082).  5:5- 
XNdUe»ni.l :  aeid  Iim  m.p. 

g-.gc  1,.,.,^^^^      r-KrJy'.-.i.  l.id.  J897,  30.  IS14). 

to<oNltroso  derivatives  of  tarbiturle  acids. 
Violurie   aelds.    Violuric  acid  or  iaonitioso- 

barbituric  acid  is  so  called  because,  although 
colourless  in  the  solid  state,  luid  forming  colour- 
le.s.s  alkyi  ethexB,  it  ahovs  a  violet  colour  in 
aoiution  in  pure  water,  and  gives  rise  to  intensely 

coloured  (red,  violet,  blue,  (rreen.  and  yellow)  !  !^";f"j;°Vi&i^'«\'**^  '"^^iL*^**®" 
8alts  with  metals  and  suh.fitut.d  ammonias  !  j^P**^ fg^g^^  (Whiteley.  CW  Soo.  TiMtt. 

Amino  derivatives  of  barbituric  adds. 


amino  hydrochloride  on  alloxan  (Ccresolc,  Ber. 
1883,  16,  1133 ;  Ptiliszari,  Gass.  ehim.  ital. 
1S87,  17,  258),  is  a  monobasic  ncid,  and  decom- 
po»e«i  acetates;  it  also  yields  a  p(do  flesh- 
ookmied  mtnwric  derivative,  the  potaadimi  salt 
.N.  CO 

Hg<'  CN-OK 

c-i 

of  which  is  deep  violet,  becoming  blue  when 
anhydrous  (Aulcl,  Chem.  Soc.  Trans.  1907,  91, 
1047).  The  methifi,  ether  C4H,0,N5  CHj  is 
colourless,  and  has  m.p.  270°  (Cuint  liard,  Ber, 
1899,  32,  1723) ;  the  br7,2yl  dhir  C^H.O^Na  CjH, 
is  also  colourless,  and  has  m.p.  222°  (Hantcaoh 
and  Isherwood,  ibid.  1909, 42,  980). 

1-Methvlvioluric  acid  Cjr,0<N,.,H,0  decom- 

S>8e8  carhonates  and  acetates  (Andreoscb, 
onntsh.  1!KX),  21,  281).  1  :  S  Dimethyhriolurie 
acid  CO[NMi-  CUljC  :  N-OH,H,0  has  m.p.  124", 
the  anhydrous  substance  melts  at  141"  (Techow, 
Ber.  1894,  27,  3084 ;  Andreasch,  Monatsh.  16, 
17  •  Whiteley,  Chem.  8oc.  Trans.  1903,  83,  19) : 
the  benzyl  elher  C,3n,,U,Nj  has  m.p.  164^ 
(Haiitz.sch  and  Islu  rwottd,  I.e.).  I  :  3- Diethyl- 
violuric  acid  CO[NEt-C0],C  :  NOH,H.O  melts  at 
90"  and  loeee  H,0  at  107*  (Sembritcid,  Ber. 
1897,  30,  1814).  l:3-D{pJienylvioluric  and 
CO[NPh-COJ,C :  Is -OH  ha«  m.p.  227";  the 
oce^  derivative  CigHioO^XjAc  melts  and  da 


(Wagner,  Zeitsch.  phy.sikal.  Chem.  12,  314; 
Gnlnobard,  Ber.  1899,  32,  1723 :  Donnan  and 

Srhnrid.  r.  r!  cm.  Soc.  Trans.  11)00,  95,  956; 
ZirLwitiiioll,  lier.  1909,  42,  4802).  Hantaach 
and  his  pupda  liave  shown  that  polyebfomatism 
niul  (  hromotropism  are  exhibited  Ijy  .some  of  the 
vioiurates,  and  they  are  of  upiujon  that  the 
vioinrie  adds  and  their  eolourleMs  ethera  aie  the 

trae  oxbnino  ketones  C0<JJ^"J;2>C:  NOB; 

whilst  the  blue  vioiurates  aie  the  nitroeo- 

enolio  salts  CO<JJg;^<>jjp>c-»0,  and  the 

more  positive  the  nature  of  the  mctalli.  radicle 
present  and  the  solvent,  the  more  coirijiietely 
ave  the  violuric  acids  as  true  oximino-ketonca 
tcaosfonued  into  the  stnictnrallv  isomeric 
nitroso^ola  (Ber.  189U,  32,  575 ;  Guinchard, 
ibid.  1723  :  1909,  42,       ;  986,  1000  ;  1910, 43, 


Uramil 

{muitxuH),  a-amini(h2  :  4  :  Q-trioxyhexahydropyri- 
midine  CO<^;^>CH-NH..  wah  originally 

prepared  by  bailing  alloxan  tin  with  ammonium 
ehioride  or  ammonium  thionurate  with  hydro- 
chloric-  acid  (Licbig  and  Wohler,  Annalen,  1838, 
2l>,  310) ;  it  IS  formed  together  with  alloxan  and 
ammonia  when  murexide  is  decomposed  by 
aoida  (Beilstein,  Annalen,  1858,  107,  183>.  or  by 
oavstio  alkahs  (Reoch.  Chem.  News,  1875,  32, 
171) ;  and  isobtaim-dwhon  alloxanphenylhydra- 
zone  is  reduced  with  tin  and  hydrochloric  acid 
(Kfihlinf.  Ber.  1898,  31,  1973).  ITnnnn  is 
conveniently  ])rcj)arcd  by  reducint;  nitro-  or 
nitrosoburbituric  acid  with  hydrit>dic  acid 
(Baeyer,  Annalen,  1868, 127, 223) ;  or  by  heating 
ammonium    dialurate,    cldsed    \  i  sm  Is  being 


46;  82).^  AnotherejpWationWthedilTerencS  '3'"^^^^ 

.  ..^...-.^  .    «-  ilourlesa  violuric    •  F™md  forms  Hilky  needles. 


m  oonstittttioa  between  the  colourless 
acids  and  the  eo'nure-l  viulurafes  i>  to  regard 
the  latter  as  derivatives  of  the  oxirao 


aoids  ace 
(Loiray,  Bnt. 


Hartley,  ('hem.  Soc. 
Baly.  ibid.  1906»  89, 


insoluble  in  cold,  sparingly  Holuble  \n  hot,  water, 
it  gives  murexide  on  long  boilinj;  with  ammonia  ; 
j  it  has  heat  of  combustion +380  Cal.,  and  heat 
of  formation -f  170-7  Cal.  (Matignon,  Ann.  Chim. 
Phys.  [vi.]  28,  289).  Uramil  forms  metalUo 
uo-oximes  I  derivatives  in  which  the  iminoliydrogen  atoms 
are  replaced  by  metals,  polaHistinn  uramil 
O0CNK:'CO1,CH-NH„2Hj,O,  obtained  in  slender 
pale-yellow  needles  by  di-s( living  uramil  in 
warm  .W  p.c.  pf»tassium  liy(huxido  .solution,  is 
converted  by  itxline  into  pr.ta.ssium  murexide, 
and  by  methyl  iodideintu  1  :  H  dimethvluramil ; 

flan  U  /\  -\'    l<  it   r\  s.- 


Assoc. 


whilst   the  colourless 

Reports,    1904,  222; 
Traue.  I'Ht.j,  ST.  jsm; 

981 ;  Whiteley,  ibid.  1907,  91.  1331).   

Fwlttr*i}<ie«CO(NH-C01gO:NOH,lI  ,U,i»ro.  the  oTM  pokunum  etOt  C.H-.O^Nj.C^H^OjNjK 
pared  by  the  action  of  nitr'iis  a>  id  or  nitric  forms  colourless  sparinJ^ly  soiuble  leaflets;  the 
acid  (sp.gr.  1*2)  on  hydurilic  acid  (Mucyer,  ^ari»m  and /ecuZ  lialts  have  also  been  prepared. 
Annalen,  1863,  127,  200) ;  by  treatitiu  i/ai  bituric  l-Acetyluramil  forms  crystalline  Sftltfi,  of  which 
arid  with  potas.sitiru  nitrlie  (ll.K  Vt  r,  ibid.  1«G4,  the  pota^-Hiutii;  ammonium,  nilixr,  l-^irhnn.  h<id, 
130,  140);  by  hcataig  dililunc  ncid  with  !  and  fo/>y.f  r  salts  are  deiicribed.  l-Mtlhyluramil 
glycerol,  or  by  warming  its  iron  salt  with  |  C0[NH  CO]CH-NHMe  ia  prepared  from  aUoxan- 
potaaaium  cyanide;  or  by  theactionoihydroxyl-  tin  and  mothylamine  acetate;  theef^yideri^tive 
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CiH^NjOjEt  is  siinilrtrlv  jjrcpared  (Piloty  and 
Finokh,  Annalen,  1000,'  333,  71 ;  Fiacher, 
Ber.  1897,  30,  561).  6-Meihfffvroma 

CO(NH-CO],CMeNH„ 
nkp.  237**  (corr.)  is  prepared  by  tnating  6-bio- 
mo-S-methylbarbitnric  acid  with  alooholio  am> 
inoniji  ;  ^-rthf/hirainil  has  m.p.  216"  (corr.) 
(Fischer  and  i>iltbey.  Annalen,  1004,  335,  334). 
I'Melki^unmU  it  prepared  from  methyhilloxan 
and  ammonium  sulphite  (Fischer«Ber.  30, 
3091).  li3-DimeihifluramU 

C!0[NMe-CO],CHNH,. 
dooomposes  at  200°  (Techo\^,  ^  1894,  27, 
3067).  1:3: 1'Trifodhj^uratnil  decomposes  at 
200"  (Fucher,  ibU.  1897,  80,  659).  1:3- 
Didhyluramil  decompoRcs  nt  200*  (Sembrit'/.ki, 
ibid.  1897,  30,  1614).  I -.Z-Diphenylurafml, 
m.p.  97°,  forms  a  otyBtalliDo  bydriodide  readily 
soluble  in  colil  water,  ^ith  dissociatifni  intci 
hydrogen  if»diilo  uml  the  uramil  (Wliitclcy, 
diem.  Soc.  I  rfUi.H.  1907,  91,  1340). 

Thlonurle  add.  Sulpfuiminobarbituric  acid 
C0[NH-C01,CH-NH-S0,H,liH,0  is  prepared 
l>y  hcalin;,'  nlloxan  or  violurir  ac  id  with  a  solu- 
tion ui  ammonium  sulphite  (Liebig  and  Wohlcr, 
Aimftlen,  1838,  26,  268;  Baeyer,  ibid.  1863, 
127.  210).  The  fnr  :-id  ohtain.-d  l)y  dfroin- 
p<ising  the  lead  i»alt  wiin  eulphurctted  hydrogen 
is  ii  crystallino  mass,  readily  soluble  in  water, 
forininp:  a  strongly  acid  solution;  it  is  a  dibasic 
acid  vielding  acid  und  normal  salts,  and  is 
hydrolysed  on  boiling  wit  h  m  jitcr,  yielding  uramil 
and  sQlpburic  «dd*  1 :  i'Dimethj/Uhianurie  acid 
ifl  obtamed  m  its  •aunoninm  nit 

C0[NMe-C0],CHNHS0,NH„2H,0 
by  hentinp  nt  100°  a  solution  of  1  : 3-dimethyl- 
uUoxan  With  ammonium  sxdphiteand  ammonium 
bicarbonate  (Techow,  Ber.  1894,  27.  3086), 
the  salt  loses  2H«0  at  105°,  and  decomposes  at 
180^;  the  barium  soft  C,H.N,0«Sfia  is  also 
deseiibcd.   The  dimethylamine  soft 

is  obtained  when  alloxan  is  treated  in  atiucoiis 
eolation  with  a  neutral  aolutton  oi  dimeth^'l- 
amine  ndphite,  it  is  deoompo««d  by  dilute  acids 

yieldiug  siilphtir  dioxidi-,  alloxuntin,  and  di- 
methylumine,  but  nu  trace  ui  tiubbtituted  uiamil 
(FUoty  and  Unckli,  Annalen,  1904,  333,  71). 
^Ulfe  Mid,  carbamidobarbituric  acid 

CO[NH  COJgCH-NH-CO-KU,, 
]irrpared  by  boiling  aminobaifaitaijc  add  with 

pot«s.■^lIlm  c  van.ito  (Bacycr,  ibid.  1863,  127,  3), 
or  heating  it  with  carbamide  at  180°  (Grimaux, 
Bull.  Soc.  ehim.  1879,  fii.]  31,  636),  forms 

prisms,  pparinply  soluMr  in  cold  water,  and  is 
converted  by  fusing  wiih  anhydrous  oxalic  acid, 
or  by  boilinp  with  25  p.c.  hydrooUorioacid,  into 
iirir  nnid.  Pseudourie  acid  i-  n  monfVia^ir  acid, 
und  the  aminoniMm  C5H5K4U4>i  11  jjHjO  ;  fola^- 
Jtum  C^HeN,04K,H,0 ;  sodium 

barium  (CjH.N^OJiBajSHiO ;  calcium ;  lead 
(CjH5N,04),Pb,2H,0;  copptr  and  merenry 
baits  arc  crystalline.  l-Mttht/lpsciidcrvri'  mid 
COINIl  CO],rH  NMo  CO  NH/is  prcpateci  iimn 
7-raethvhiramil  and  potashinm  cyaiiate  (Fischer, 
Ber.  1897,  30,  r>G2).  \  •.^JHvuthyJp  fudourxc 
acid  COLNMeCO],CHNH<:0>sH,  hun  m.p. 
210*  (Teohow,  ibid,  ISM.       3088).   1 : 3  :  7< 


Trimethylp«fudouric  acid  decomposes  Itctween 
180°  and  100°.  when  slowly,  and  at  195°  when 
rapidly  heated  (Fischer,  I.e.).  1 :  ^ZHetk^ 
psrudoiiric  ari<{  hns  m.p.  19fi°  (mrr.)  with  dnorn- 
puiution  ^iSembntzki,  ibid.  1897,  3U,  lb23). 
\  iZ-Difhcnylpseudouric  acid  melts  and  decom« 
poses  at  217  (Whiteley,  Chem.  Soc  Trans. 
1907,  91,  l.UJ). 

5-Mono-  and  5 : 5-Di-alkyI  derivatives  of 
barUtHrie  add.  The  following  general  methods 
have  been  employed  for  the  prepamtton  of  the 
5-mono-  and  5  :  5-di-alkyl  har  hitnrii  a<  id,-,  or  as 
they  are  sometimes  called  the  C-alkyl  or  CC- 
diulkyl'barbitQrio  adds:  (1)  Direct  alkylation 
of  the  hnrbiturif  acid  hy  tho  action  of  the 
alkyl  haiide  un  the  silver  m\X  (Conrad  and 
Cuthrx'it,  Ber.  1881,  14,  1643;  lss2,  13.  2844  ; 
(Jebruder  von  Niessen,  D.  R.  P.  141432).  (2) 
Condensation  of  the  eikyl  ester  of  the  alkyl 
mtdonic  arid  with  (a)  carbamide  in  the  presence 
of  sodium  ethoxide,  the  alkali  metal  or  its  auude 
( Merck,  D.  B.  FP.  146948, 147278, 147279, 147280; 
Fischer  and  Dilthey,  Annah  n,  1004,  335.  334); 
(b)  biuret  or  alkyl  allophatuUe  (Meivk,  1>.  R.  P. 
183857) ;  (c)  carbamide  in  the  presence  of 
alkali  or  alkahm-  earth  carhick  s  (Men  k,  D.  R.  1*. 
185963);  guiintdine  and  isubiicquent  Judrolywa 
of  the  2-iminobarbitiirie  acid  obtained  (CKcmischc 
Fabrik  auf  Aktien,  vorm.  E.  Schering,  D.  R.  P. 
189076).  (3)  Condensation  of  alkyl  malonyl 
chloride  with  (a)  carbniutde  (Merck,  1).  R.  P. 
146948) ;  {Jb)fftittnidinc  and  subseqoent  hydrolysis 
with  dHate  add  of  the  2-imi»oWbittirie  aieid 
obtain.  d  (Merck,  D.  R.  P.  1588W) ;  (c)  ureihnu. 
and  the  conversion  of  tho  diurethanes  int^i  the 
barbiturio  add  by  heating  with  alkyl  oxides, 
hv(hoxidcs  or  fiimiiu.'  mineral  acids  (Tranl>c, 
D.  li.  IT.  17iUU2,  172^h.),  172886);  ((i)  with 
alkyl  allophanales  (Merck,  D.  R.  P.  177694). 
(4)  Condensation  of  the  alkyl  tnalonitriU  with  : 
(«)  gmnidim  and  subsequent  hydrolysis  of  the 
2:4:  'Vtri-iminobnrbituric  acid  thus  obtained 
(Merck.  D.  B.  PP.  165692,  165693) ;  (6)  corba- 
miie,  thuxsafbamide  or  gwsnidine  in  the  presence 
of  the  earhide.s  of  the  alkali  or  alkali  earth 
niel«l»  (Merc  k,  l>.  R.  P.  185963).  (5)  Condensa- 
tion  of  dmlkylmaUmamides  with  [a)  alkyl 
carbonates  in  the  prcscnep  of  alkali  (thoxidts 
(Farbenfabriken  vi.iui.  Friedr.  Bayer  &  Co., 
D.  B.  IT.  163136,  168406,  168407) ;  {b)  oxalyl 
eMoride  (Etnhom,  D.  R.  P.  225457).  (6)  By 
the  action  of  add  condensing  agents  on  the  tetra  • 
-nbstiluteil  diiueides  of  tin-  dialkylnmlonic  acids 
CX.ICOXHCOMR.),  (Finbom,  I>.  R.  P. 
193446).  (7)  By  the  action  of  alkali  oondensiag 
agents  on  the  ureides  of  the  half  add  esters  M 
alkylmalonic  acids 

NHjCONHCO-CRR'-CO.R" 
(Boohringer  and  Sr>hne,  T).  R.  P.  193447).  (8; 
Condensation  ut  ilhyl  dialkykyunuritaii.  v\iih  : 
(a)  carbamide  in  the  presence  of  stnlium  ethoxide, 
and  siubsequent  hydrolysis  of  the  4-iminu- 
barbituric  acid  thus  obtained  (Merck,  D.  R.  PP. 
156384,  156385) ;  (6)  carbamide  or  l/ni»:arbamide. 
and  subsequent  hydrohrsis  of  the  imino  or  thio* 
iminobarbitvrio  acid  tntis  obtained  by  heating 
with  mineral,  formic,  or  acetic  acid.s  (Cotuad, 
Annalen,  1905,  340,  310) ;  (t )  guunidtne  in  the 
presence  of  various  condentdng  agents,  and 
huf'>eqiif»nt  hydrolysis  of  tin-  2 : 4-di-imino- 
barbitiinc  acid  thus  obtained  (Farbenfabrlkco 
vorm  Ftiedr.  Bayer  *  Co.,  D.  Bw  P.  U8602; 
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CSiesiinlieFRlnikftuf  Aktien,  vonn.  E.  Schering, , 
D.  R.  P.  201244 ;   Bnslor  Chcinische  Fabrik» 
D.  R.  P.  204795) ;  {d)  dicyanodiamidea  in  the  I 
presence  of  alkali  condensing  agcntn  and  sub- 
sequent hydnilysis  of  the  BubBtituted  bwrbituric 
acid   thus   obtained   (Fartwnfabriken  ■rorm* 
Friedr.  Bayer  &  Co.,  1).  K.  P.  165223);  (c) 
cofbomttfe,  'ihiocarbamidAt  or  guanidinc  m  the 
pcewmoe  of  tiie  ouUdea  of  the  alkaK  or  allnli ! 
MHh  metals  (Merck,  I).  R.  P.  185963). 

The  following  S-sulwtitutod  alkyl  denvativejj 
of  barbituric  acid  are  described :  the  5-methyl, 
ni.p.  202'  203''  (Fischer  and  Dilthey,  Annalen,  | 
1904,  335,  334);  the  5  ra.p.  194°  (Merck,  | 
D.  R.  P.  16M93) ;  the  5- propyl,  m.p.  207°-208  ;  . 
the  5-i8opropyi,  m.p.  216° ;  the  ^-benzyl,  m.p. 
206*  (Conrad  and  Guthreit,  Ber.  1882, 16,  2844) ; 
the  ry.  r>.d {methyl,  m.p.  279°;  the  5  mdhyl- 
b-ethyl,  m.p.  212° ;  the  6-meihyl-^ propyl,  ni.p. 
182*;  the6:6^lMM  or  veronal,  m.p.  191° 
(corr.)  {q.v.  and  Synthetic  drugs)  ;  the  l-meihyl- 
6:5'diethyl,  m.p.  164-5^;  the  1  phenyl  !) :  5-dt- 
eihyl,  m.p.  197^ ;  the  1 :  3  :  5  :  54etraeihyl,  b.p. 
125-5°--12(V^/8-8  mm. ;  the  h-dhyl-5-propyl,  m.p. 
146;  the  5  :  Ti  dipropyl  or  proponal,  m.p.  148* 
(Fischer  and  Dilthey,  I.e.  ;  Merck,  D.  R.  P. 
150386),  166°  (Conrad,  Annalen,  1906,  340,  310) 
(v.  8«HTHgiio  DBU08);  the  6 : 5-<lt-»o6ii<yl,  m.p. 
173-5°;  the5:5-rfi-i8oamy/, ni  p  172°;  the5:5-<li- 
hemyl,  m.p.  222°  (Fischer  and  Dilthey,  ^.c). 

CondensaUon  of  tarUtorie  mHs  ultii  alte- 

liydes  and  ketones.  Barbituric  acid  and  it« 
!•  and  1 :  3>Hub8tituted  derivatives  condense 
readily,  in  tlio  abeenoe  of  condensing  agents, 
with  aldehydes  or  with  dichloroketonea  to  form 
alkyhdene  derivatives  of  the  types 

00[NH<X)],0 :  GHR  and 
rO[NH  CO],C  :  CRR',  whieh  on  reduction  yield 
the  oorresponding  5-alkylbarbituric  acids 

CO[NHCO],CHCH,R  and 
CO[NH  COljC ;H  CHRR'.  5-BenzylidenebaTbituric 
acid  COCNH  COljC  :  CHPh,  m.p.  256°;  and  o-  i 
nitrubenzylidrnibarbituric  acid,  m.p.  260*-252*,  i 
an   eolourless;    cinnamylidenebarbituric  acid, 
in.p.  226°-228°,  and  fur/urylidenebarbUuric  acid, 
nkp.  above  280°,  are  yellow  (Coniad  and  Rein- 
baoh,  Ber.  1901,  34,  1339);  p-hndrorybcnzyli- 
denAarbiituric  ac*rf,  m.p.  300°,  is  canary-yellow, 
and  p-dimetkilkmindbenzylidembarbituric  actd, 
m.p-  2H2°.  is  oranpe-red  (Wt'insehcnk,  ibid.  1685). 

1:3-  IHplienifl  -  5  -  beiizylidenebarbituric  acid 
CO(NPh  CO],Ci  CHPh  exista  in  two  forme,  the 
stable  form  l>eing  yellow,  and  the  labile  form 
being  colourless,  each  melts  at  214°;  1:3- 
dt^^Unyl-^-cinnamylid't ncbarbiluric  acid 

CO[NPh  ('0],C  :  CH-C'H  :  CHPh, 
m.p.  268°,  is  orange-yellow ;   1 :  'i  diphcnyl-5- 
diphenylmdhffkndHtrbiharie  aad 

CO[NPh<X)],C :  CPh„ 
m.p.  264°  is  deep  yellow.     Each  of  the  eom- 
|M)unds  described  alxive  cuntuins  the  complex 

•CO-^^' :  CRR',  consisting  of  three  chromophores, 

yet  each  ia  coloured  or  ooloniieeB  according  to 
the  nature  of  the  radit  Ir.s  R  and  R'.  Tt  wuuhl 
aeem  that  when  R  is  hydrogen  and  R'  phenyl 
or  its  ortho-  trabstituted  derivative  the  com- 
]»<iund  is  usually  eolourles.'^.  but  that  it  i.s  yellow 
when  R'  is  a  para-  subHtitulcd  derivative  of 
phenyl,  or  a  mocn  liighly  unBaturated  radicle 


such  as  that  afforded  by  ciimanialdehydo  or 
furfuraldehytle ;   when  both  R  and  R'  are 
phenvl  ^'ro'ups  the  compound  it  also  ydUow 
(Whitcley,  (  hem.  Soe.  Trans.  1907,  91,  1332). 
^    Condensation  of  barbituric  acids  with  aio- 
i  matte  dtalMNihim  chlorides.    Barbituric  aoid 
and  its  1  :  3-.snbstituted  derivatives  condense 
I  readily   with   aromatic    diuzonium   salts  to 
I  form  the  axyl  hydxazone  of  the  corresponding 
alloxan,  the  same  compound  being  obtained  by 
the  condensation  of  tile  arylhydia^oe  vitli 
the  eorre-sponding  aUoxan,  ov  the  6:6^1nomo- 
dorivativc  of  the  liarbituhc  acid 

Oo[nH  (X)  !co  V  H.N  NHni  -FO0tKH'OOV>:K-liHPb 

COtNH<K)liCBr,+ U,H-Nlini 

{v.  Alloxan) 

When  5-aul>stitutcd  derivatives  of  barbituric 
j  acid  condense  with  aromatic  diazonium  salts 
the  products  are  azo  compounds  of  the  tyi>e 
CO[NRCO],CR'N:NR",  these  are  readUy 
hydrolvHed  by  mineral  adds  yielding  niUogen, 
and  the  phenyl  corresponding'  with  the  aromatic 
diazonium  salt,  and  regenerating  the  barbituric 
acid 

OOCNR-COliCR'N  :  XR" 

->COLNR-COJ,CHR'+N,-i-R"OH. 

5-Benzene/izo  \ :  Z-diphenyl-B-benzyUfmiihirkaeid 
C0[NPhH  C01jC(rH,Ph)-N:  NPh,  m.p.  17(»°- 
171°,  forms  bright  yellow  prisma ;  the  p-nt/ro 
deriyatiTe  cryetailisea  in  bright  yellow  prisms, 
m.p.  ]sr-i82°;  6-5eiMStieoso*l:3-iiijMmyI^ 
diphenylmethyOmrbituric  aM 

CO(OTli<X)],0(OHPh,)-N :  NPh, 
bright  yellow  prisms,  m.p.  160° ;   the  p-ni7ro 
denvative  forms  canary-yellow  prisms,  m.p. 
176"  (Whitdey,  Chem.  8oc  Ttans.  1907,  91. 
1.344). 

woBarbUuriC  acid,  a-hydroxyumcil 

is  one  of  the  products  obtained  by  the  reduction 
of  nitrouracil ;  it  forms  an  aedifi  deriTative,  and 

when  treated  with  bromine  water  yields  i«o- 
dialuric  acid  (q.v.)  (Behrcnd  and  Rooaen,  Ber. 
1888,  21,  999).  M.  A.  W. 

PYRITES,  COPPER,  v.  C<»prER-rvRTTES. 
PYRITES  {Oer.  Kies).  The  ancient  name 
wvplrris,  from  ir?p,  fire,  was  no  donbt  applied  to 
a  variety  of  minerals,  which  possess,  in  oonUDon 
with  Hint,  the  property  of  strildng  flre.  In 
more  recent  times  the  name  'prvites'  ha.s  been 
used  for  a  variety  of  sulphide  minerals  ix>H«easing 
a  metallic  lustre  and  a  feir  degree  of  hardness ; 
and  the  wide  range  it  covere<l  is  well  indicated 
by  the  title  of  J.  F.  Henckel's  book  •  Pyritolocia, 
Oder  Kiefl8-Hi.storic  (Leips^,  1726);  English 
translation  P>Titologia  ;  or,  a  History  of  the 
Pyrites,  the  princi|)al  body  in  the  Mineral  King- 
dom. In  which  are  considered  its  names,  specie.^ 
Ix-d.M,  and  origin;  its  iron,  copper,  unmetallio 
eartli,  sulphur,  arsenic,  silver,  gold,  original 
particles,  vitriol,  and  use  in  smelting  (London, 
1757).'  At  the  present  day  the  word  enters  into 
many  compound  names,  both  popular  and  soiw 
tific.  of  minerals,  e.g.  iron-pATites  or  Fi(b'ro- 
pyrite,  ooppcr-pyTites  or  chalcopyrite,  ar.sei\ical 
pyrites  or  arsenopyrite  (=mispickel).  magnetic 
pyrite.s  (  =  ]>yrrhotite),  tin-pyrites  (^  stannite), 
cobalt-pyritc^  (  —  Unnaiite), '  capillary  pyrites 
(wmillerite),  white  pyrites  (^mispiokel  and. 
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marcatiite),  eooksi  omb-  and  spoar-pyrites  (=mar- 
caaitc),  nicop^Tilo  (  =  iH't»tlanaite),  argento- 
pyrite,  leucopvTitc,  &c. ;  M'hil>*t  in  modern 
GeriiMa  *JciM^  is  used  «liU  moxo  freely  in 
oomponnd  names. 

Iron  pyrWes  {Cler.  Eis-  nkus,  Si-liitrf(:ll-k-<i), 
in  En^pfliflh  often  called  simply  *  pyrites/  ami  by 
Amenoan  and  French  writera  *^pyTite.'  Iron 
dis'ulphidp  (FeS|)  is  dimorphous,  crystullising 
eit  her  m  the  cubic  or  in  the  orthorhombic  d  v  stem ; 
the  former  modi6cation  is  the  mineral  iron* 
pyiitcs  and  the  latter  is  marcasitc  {q.v.). 

Cryatala  of  iron-pjTitcs  are  of  common 
oi'curnnce,  and  they  arc  dtten  bcniil ilully 
and  aharplv  developed.  Their  degree  of  sym- 
netry  is  iaulb  of  tbe  pentagonal-aodecaboanl 
(or  parallel-faced  homihrchiil)  class  of  the  cubic 
system.  Common  ionm  are  the  cube,  octa- 
bedroii*  and  pentagonal-dodecahedron ,  or  com- 
binations of  these.  The  ponta^xoiml  'tinlroahr- 
droD  with  the  indict  (210) is.inUi.  til,su  cUaracter- 
ifltdo  of  this  mineral  that  it  is  kno>vn  oe  the 
pyritohedron.  The  faces  of  the  cube  are  each 
striated  parallel  to  only  one  of  their  edges, 
and  in  such  a  manner  that  on  tlin  r  adjucint 
faces  the  three  sets  of  striations  are  perpen- 
dicular to  one  another;  this,  again,  is  an  ex- 
tremtly  charact^'ristic  fonturc  of  crystals  of 
iron-pyrites.  DisseminaUHi  grains  and  compact 
masses  are  abundant ;  the  mineral  also  occurs 
in  nodular  and  stalactitic  fornis  <iften  %>ith  an 
inti'mal  radio-fibrous  structure.  The  thermo- 
olectrical  ptopsHies  of  iron-p^-rit^^  arc  of 
interest;  some  orystab  are  more  strongly 
thcrmo-eleotrieatly  positive  than  antimony, 
aiul  others  mon'  m  u'^'ivf  than  bismuth,  so  that 
the  two  when  phiccd  together  give  a  stronger 
thermo-eleotrie  eoaple  than  do  antimony  and 
bismuth. 

The  mineral  is  opafpie  with  u  brass-yellow 
OOloUf  and  a  hrillht  metallic  lustre  ;  it.si  streak 
is  greenish-  or  browiush-black.  'J'here  is  no 
distinct  cleavagf  ;  the  mineral  is  brittle,  and 
breaks  Avith  a  conchoidnl  to  uneven  fracture. 
The  hardness  is  (Mi| ;  the  mineral  scratches 
glH.>i>i,  and  is  itself  scratched  bv  a  knife  only  with 
diftii  ulty.  These  characters  enable  in  in-jn  ri(«  s 
to  be  readily  distin^ishe*!  from  other  yellow 
metallio  minerals  with  which  it  is  iK>nietimes 
confii^erl,  r.^.  copper-p^Tites  (H.  =3^-4,  with 
a  de^'per  yellow  colour),  and  gold  (H.=2|-3 
and  malleable).  From  nmrca^ite  the  distinction 
is  less  easy  in  the  absence  of  any  (list  iuct  crystal, 
lino  form,  for  the  hardness  and  colour  are  nearly 
the  same;  marcasitc  i-.  however,  sometimeti 
rather  paler  in  colour  and  it^  sp.gr.  (4-8)  is  a 
little  lower  than  that  of  iron  pyrit<  s  (4*9-5*1 ). 

When  pure,  irt>n-pyril«V'  cunlains  f-nlpliur 
63*4,  and  iron  40-6  p.e.  Small  quantities  of 
other  metals  are,  however,  often  present,  e.g. 
copper,  silvrr,  l'oM,  nickel,  cobalt,  znic,  tin, 
thallium,  teUurium.  selenium,  ar.Honic,  But 
it  is  probable  that  these  are  due  to  t  he  meehanical 
admixture  of  other  minerals ;  fur  example,  in 
the  abundant  cupriferous  ores  of  8pain  and 
Norway  1-5  p.c.  of  oopiM-r  i-  im  nt  idmixed 
copper-pyrites.  In  many  gold- mining  districts 
auriferous  iron-pyrites  is  of  considerable  im- 
jiortanee  as  un  ore  nf  r'.ijf].  The  SpiTit-Ji  ores, 
nft<T  riiiistiiij;  for  sulpiiur  and  extraction  of 
Copper  from  the  residues,  yield  about  1  oz.  "of 
goiu  per  300  tuns  of  ore.   The  following  are 


analyses  of  pyritic  ore  from  the  more  important 
districts  where  it  is  mined :  I.  Uio  Tinto, 
Huclva,  Spain :  II.  San  Domingos,  Algarv©, 
Portugal ;  III.  Sain-Bel,  dep.  KhuuCp  F»nce  ; 
TV,  Meggen,  Westphalia  ;  V.  Roros,  Trondhjem, 
Norwnv  ;  VI,  Chestatets  Dahlonega  <li>irii  t, 
Georgia  (£.  C.  Eckel,  Bull.  U.S.  G^I.  iiuxwy, 
1903.  No.  213,  eS). 

I.        U.  III.      IV.      V.»  VI.' 

S       .  48*fi0  48-90  46-40  46*ti0  49*00  43  52 

¥0     .  40*92  43*65  39-00  38*62  42-35  30-70 

Cu      .    4-21    3  10  150     —     2-48  309 

Zn      .    0-22    OHo  —      tiOU    201  0-72 

PI)          1-52  —      0*64    0-2 1  — 

.    0-33    0  47  0  10   trace     nil  nil 

SiO,  .    3-46    0  73  M2o    870    1-85  0-26 

AljO,.     _      —  3-75     _     1-25  2*63 

OaO   .    0-90    0*20  —      —     0-23  — 

H,0  .    —     0*70  ~_      —  0-36 


100-06  98-93  lOOOO  !•'.•■  k;  !t!)  i;3 

Uuriug  the  grimliiig  of  pyritt.s  l^r  .'iiiiilyj^ia 
it  is  found  that  the  material  sutTi  r>  a  certain 
amount  of  oxidation  (see  E.  T.  Allen,  and  J. 
Johnston,  The  Kxact  l)eterminatiou  of  Sulphur 
in  Pyritc  and  Uanaaite,  J.  Ind.  Eng.  Okem.  1010» 
2,  19«). 

Iron-p3Tite8  bums  in  the  air  with  a  small 

bluish  llame,  and  is  ca]>nhle  of  jsupjHjrf  iii^r  its 
own  combu-stion ;  the  prixlucts  arc  eulphur 
dioxide  an<l  ferric  oaide  (the  '  purpAe  ore^  or 
*  blue  billy'  of  iron  smcltr^rs).  This  i."?  of  im- 
purtance  in  the  roasting  of  iron-pyrites  lur  ihc 
manufacture  of  sulphuric  acid,  and  in  the 
'  p^Tit  io  smelting  '  of  cupriferous  ores.  When 
heated  out  of  contact  with  the  air,  the  mineral 
begins  to  decompose  at  about  500%  and  finally 
one-half  of  the  sulphur  is  escpelled. 

Many  experiments  have  been  made  on  iroo^ 
pjTitcs  and  marcasitc  with  the  object  of  detr-rt- 
ing  a  dilference  in  their  chemical  constitution, 
but  the  results  are  not  conconlant.  H.  N. 
Stokes  (  AmfT.  J.  Rei.  1901.  12.  414;  Bull.  U.S. 
Gool.  Survey,  liM>i,  No.  18G,  1-50)  ha.s  d.  visctl 
a  chemical  method  for  discriminating  hetu  cen 
these  minerals  and  for  their  quantitative  dot^^r- 
minatton  in  mixtures.  This  method  dei)end8  on 
the  fact  that  when  iron-pyritos  or  marcasitc  is 
boiled  with  an  excess  of  a  solution  of  a  ferric 
salt  to  complete  reduction  of  the  latter,  the  ratio 
of  the  sulphur  oxidised  to  mineral  decomiKjscd 
is  perfectly  definite  and  characteristic  of  each 
mineral,  provided  certain  standard  and  easily 
controllable  conditions  arc  observed.  With  a 
boiling  solution  of  ammonium-iron  alum  con- 
taining 1  gr.  of  ferric  iron  and  16  o.c.  of  25  p.c. 
free  sulphuric  add  per  litre,  the  percentage  of 
sulphur  oxidi.sed  in  iron-pyrites  is  about  00*4, 
antl  in  raarcaj-it*'  alKUJt  Is  of  thr  total  nulphur, 
Those  figures  are  tho  characteristic  oxidation 
ooefficientfl,  which  depend,  however,  4m  tho 
femperature  and  concentration  of  the  f-olution. 
The  determination)*  are  made  in  an  at  nn  wjiln  re  of 
carbon  dioxide,  vwth  specially  designed  appara- 
tus. It  is  shown,  for  example,  that  \  hr  no<lule=', 
often  Nupiiosed  to  be  marcasitc,  so  abuudaul  iu 
tho  chalk- marl  at  Folkestone,  Kent,  are  really 
iron-p>Tites  ;  one  specimen  was  found  to  contain 
iron  x)yrit<^  97  and  manadte  3  p.e* 

Irun-p3rrites  is  a  mineral  of  extremely  wide 

•  Also  MgO,  0-22.  >  Alto  lliO.  0^49. 
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(liatribution.  It  is  found  in  rocks  of  all  kinds 
Mid  of  all  ^logical  ages,  either  scatteml  as 
isolated  grams,  no<iulca,  and  crystals,  or  ool- 

I<«:(r<l  in  \oiii3  and  liir^'o  lenticular  iiumsos. 
Tho  best  ciystalliaeU  spccimouii  aro  from  thu 
mai^etite  mnMe  at  lYaveneUa  in  Piedmont,  and 
\\v  hajniatite  rainrs  of  Kio  in  the  island  of  Elba. 
Good  crystals  ha\u  almo  Ix'cn  found  iu  the 
mineral- veins  of  Cornwall  and  many  other 
mining;  districts.  The  dtix>sit'^  of  cupriferoiis 
iroti-pyritt'H,  uiiich  arc  bo  extensively  uiined, 
occur  as  large  lenticular  masses  in  slaty  rocks 
near  their  oontaet  with  igneous  rooJuJ'  tinoh 
deposits  are  mined  at  Rio  Ttnto,  Thataia,  Gala- 
fuid,  &c.,  in  the  Spanish  province  of  Huelva,  and 
Saa  Domiugos  in  the  neighbouring  Portuguese 
proTinoe  of  Algarre ;  at  Bain-Bel,  dep.  Rhdne, 
J'Vnncp  ;  RammcIshrTc:  in  the  Uarz,  and  Meggen 
in  Westphalia ;  Sulujelina  in  Arctic  Norway 
and  Roros  in  southern  Norway ;  Brosso  in 
Piedmont,  Italy  ;  Pilley'.s  Island,  Ncwtounilland; 
Louisa  Co.  aud  Prince  WiLLiam  C*).  in  Virginia, 
and  elsewhere  in  the  Unitetl  States.  The 
worid'a  produotioa  amounts  to  about  fivo 
million  tons  per  annum  ;  of  Trhich  Spain  con- 
tributcf-  two-thirds  and  Portugal.  Frant  e,  Ger- 
many, Norway,  and  the  United  States  each 
about  a  qoarter  of  a  million  tons  per  annum. 

When  subjected  to   weathering  l>roceH^Ps 
near  the  earth'^  6ud&ce,  iron-Dyrites  is  readily 
decomposed,  producing    QeUnfar   masswi  of 
limonite — ^the  so-called  goaaans  and  iron  cap- 
pings  of  lodes — which  are  valuable  iudicatiunii ; 
of  the  presence  of  metalliferous  deposits.  At 
the  same  time,  any  gold  present  io  the  pyrites  i 
is  set  free,  giving  a  *  free* milling '  ore.    Two  I 
types  of  tho  alteration  of  iron-jiN  rites  may  be 
distinguished.    By  oxidation  in  tho  presence 
of  pure  water  it  gives  ferrous  sulphate  (melan* 
tcrite),  froe  sulphur,  and  sulphuric  aritl  ;  and 
the  latter  by  its  action  on  tho  surrounding 
looks  prodiiOQS  gypsum,  various  alums,  &c. 
When  the  oxygenated  water  contains  calcium 
carbonate  in  solution  the  sulphur  is  removed 
in  the  soluble  form  of  gypsum,  leaving  tho  iron 
behind  in  the  form  of  hvdroxide ;  in  this  way 
hmye  been  formed  the  abondsnt  psendomoqihs  ' 
of  limonite  and  ^'oethite  after  iron-p^Tites. 

The  prukuipai  uso  of  iron-pyrit<»  is  fur  tho 
production  of  sulphur  dioxide  in  the  mann*! 
fuettin;  of  sulphuric  acid  and  in  the  sulphite 
wood-jmlp  process  of  tht:  pajHr- maker.   It  is 
also  used  in  the  preparation  of  sulphur  by  simple  • 
distillation.    Tho  residues  after  roasting  are 
treated  for  the  extraction  of  copjx?r,  .silver, 
and  gold,  and  finally  of  iron  ;  to  a  limited  extent 
they  are  also  used  in  the  making  of  red  paints. 
By  expoeing  iron-pyrites  in  heaps  to  tho  wsather  J 
fcrroti-;  snljihnto  (copperaj<)  is  prepared  in  flon-  I 
sidcrablo  quantities.    Pyritous  shales,  the  80- 
ealled  alum-shales,  are  utilised  in  the  manufac-  ' 
ture  of  alum.    Trivial  nses  isf  tin-  niin<  r;il  an' 
ill  cheap  jewellery,  pariieularly  in  i  ianct!  and 
Ireland,    ft  is  bard,  and  takes  a  line  polish. 
Polished^  plates  of  iron-pyrites,  probably  uset!  as 
mirrow,  have  been  found  in  the  graves  of  th«' 
ancient  Incis  of  Peru.    In  oblea  times  it  was 
used  in  tinder-boxes  and  in  the  whceMucks  of 
guns,  L.  J.  8. 

PYROACETIC  ACID  \ 


PYROCATECUIN,  PYROCAT£CHOL.  t. 
Fbskoi*  akd  us  homolooubs. 


,     PYROCATECHOL  a.CABBOXnJC  ACID  9. 

PaorocATECHuic  Acin. 
I     PYROOHLORB  v.  OoLvmnni. 
PYROCOLL  V.  Bone  oil. 
PYROCRESOLS  C.jHi^O.   A  group  of  iso- 
I  morio  bodies,  three  in  number,  cusoovered  by 
Schwan  in  coal-t.ir,   and   more   part  ii  iilarly 
examined  by  IJott  (J.  Sue.  C'beni.  Ind.  1661, 

a-Pyroeresol  crystalb'ses  in  large  shining 
plates,  exhibiting  a  bluish-green  flnorescence  ; 
readily  goluiile  in  benzene,  chloroform,  carbon 
tetrachloride,  carbon  disulphide^  &o. ;  less  so  in 
aoetio  aoid,  tdoohol^  or  ether ;  and  insolnble  in 
water  and  alkalis.  Siilublo  also  without  action 
in  acetyl  chloride,  phosphorus  tMchloride,  or 
solution  of  phot^ne  gas.  ILp.  196^ ;  readily 
sublimes. 

/3-Pyrocre&0l.  Melts  at  I2k\  and  crystellisca 
in  small  needles  or  laminie. 

7-Pyrocre80l  differs  from  its  isomers  by  its 
extreme  solubility  in  aU  solvents ;  it  invariably 
crystallises  in  needles,  m.pw  IMMOS**,  and  does 
I  not  Sttlilime. 

I     These  thrse  pyroorssols  have  also  been 

:  obtained  from  the  last  fraction  of  the  distillate 
from  crude  carbolic  acid  (Zmerzlikar,  Monatsh. 
1  1910,  31,  897). 

On  oxidation  with  rliromic  acid  in  acetic 
acid  solution  tho  pyrocretiols  yield  com^xjunds 
having  tho  empirical  formula  C,  jH,,Oj. 

a-Pyrooresol  oxide,  m.p.  108%  forms  yellowish 
needles  ;  very  soluble  in  acetic  acid  and  idcohol. 
According  to  Zmorzlikar  (I.e.),  this  oxide,  when 
I  fused  with  potash,  yields  tn-crosol,  m-hydroxy- 
.  toluio  acid  and  m-hydroxyterephthalie  aoid. 
It  is  therefi>re  identical  with  4  : 4'-diiuethyl- 
xanthone  and  a-pyrocresol  is  4 : 4'  dimethyl, 
xanthane. 

^-Pyrocresol  oxide,  m.p.  95". 
7-PyroQresol  oxide,  m.p.  77",  crystallises  iu 
small  rhombic  plates,  which  tvm  red  on  exposure 
to  light. 

On  gentle  reduction  witli  Lvdrogen  iodide, 
the  oxideji  yield  pyroeresols,  ami  on  very  ener- 
getic reduetion  thoy  aro  decomposed,  forming 
the  same  reduction  products  as  the  pyroorssds 
themselTes,  mundy,  chiefly  so  oil  of  formula 

a-T6traiUtro-pyro«i«sol  oxide  C,sH,(N0z)40„ 

crystallises  from  nitrofienz'me  ur  uln-ird  nertie 
acid  in  small  yeiiowifiii  plat<%s,  wbieii,  on  heat- 
ing, bum  with  a  Hash.  Is  insoluble  in  caustic 
pota«h,  and  f-j-  iri'i  -'y  s  Jui  !<•  in  alcohol. 

3-Tetranltro  pyrocresol  oxide  resenibles  the 
o-  compound,  but  is  more  soluble  in  alcohol. 

7-Tetranitro-pyrocresol  oxids  forms  a  granular 
mass  of  a  pale  yellow  colour.  More  soluble  in 
alcohol  than  the  a-  eompound. 

Halogen  and  sulpho  derivatives  have  oIhu 
been  prepared.  a-Dwrotnonyroeruol  (  ',^11 1  jHr^O 
is  obtain<>d  in  the  form  o£  thick,  elongated  plates; . 
m.p.  21,-)''. 

PYRODINE.  An h/1  jihenylhjfdmzine.  hydra- 

cdin.  C\H  A'Jf.r.li  n.  was' first  synthesised 
by  Liei»eriHa!in.  .\  \\ltitr  crystalline  powder, 
m.p.  128  -130%  vtry  sparingly  soluljle  in  eoli! 
water  and  in  ether,  readily  m)  in  hot  water,  and 
in  alcohe»l.    Il  possesses  veiy  little  taste. 

Pyrodine  is  prepared  by  tlko  interaction  of 
phenylliydrazitu-  with  acetic  anhydride  (l;'isciu-r, 
Anoolcn,  1S77, 1<J0,  12U),or  with  thiooeetiu  acid 
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(Pawlewski,  IVr.  1807,  ^1,  nn2).  and  sIko  by 
other  methcxls  {Ju^l,  ibtd.  Is86,  1202'; 
Bamberger,  ibid.  1807,  31,  2<V30 ;  Leighton, 
Atni-r.  Chftn.  .1.  2<i,  till;  JJttidaku\\ -ki  iiinl 
iSlt'pak,  J.  Ku8c«.  i'liys.  (.'liein.  »Soo.  iir>.  7 1 
It  i«  a  puw<^rful  antipyretic.  It  miin  i  s  f('vcr 
temperaturu  quickly,  and  maintains  tlxo  tem- 
perature at  a  low  level  for  8onio  houfH,  pro- 
ilucing  marked  perspiration,  but  iu>t  nausea, 
vomitiiig,  or  ooUapse.  It  is  espeoially  applicftblt) 
in  caMB  of  pn«iimotiia,  Rcariet  fever,  and  typhus, 
(iiven  in  .small  doses  in  the  Litter  disease  it 
ouables  the  patient  to  pass  through  the  fever  at 
A  low  temperatttie  range  without  delaying  the 
eriaiii,  and  it  seems  also  to  shorten  the  period  of 
couvale^ence.  It  is  lens  applicable  in  cases  of 
typhoid,  owin^  to  the  early  «dubition  of  toxic 
symptoms.  Given  in  often  repeated  doses  at 
t*hort  intervals  it  ea.sily  shows  toxic  properties, 
and  these  dei>end  on  the  action  on  the  blood, 
producing  hvmc^obinaemia.  It  should  not  be 
given  (unlem  the  temperature  be  very  high) 
oftt  iicr  thiui  once  in  18  or  24  hours,  and  it  i.-" 
not  safe  to  continue  ita  lue  for  more  than  a  few 
days.  The  doeo  for  children  la  2~4  grains,  for 
adults  8-12  grains.  It  is  a  inurh  more  powerful 
antijiyretic  tluin  either  antipynne,  anlifcbrine, 
or  phonacctin  ;  but  it  is  also  much  more  toxic 
than  these  bodies.  Tlus  disjidvantajic  is  reduced 
by  the  fact,  tlu*L  it  is  rarely  n«'CO)wary  to  give 
more  than  one  dose  in  12  to  18  hours,  as  the 
U'm]H>rature  is  kept  low  for  a  longer  period  than 
by  any  of  the  other  antixtyretios.  It  rvtduces 
the  pulse  as  well  as  the  temperature.  ;ui<l 
often  causes  diuresis  (J.  Dreechf  eld,  J.  buc  Chew. 
Ind.  1888,  765 ;  Merek,  1889,  476). 
The  isomeric  acetyl  compound, 
C.HjNlCOCHjjNH, 
has  m.p.  125''-126''  (Pechmann  and  Runge,  13er. 
1894.  27,  1G95;  Widman,  >7«W.  2064;  Busch 
and  Frev.  ihid.  1903,  30, 

PYROGALLOIi  (pyrogallic  acid.  1:2:3- 
trihytlroxyl)enzene)  ('8Hs(OH)3  is  obtained  by 
the  dry  distillation  (►f  gallic  acid  {Braoonnot, 
Annalon.  1832,  1,  20  ;  Pelouze.  ibid.  1834.  10, 
158);  by  (using  hiematoxylin  (Meyer,  Ber.  187d, 
IS,  1392),  or  «'  or  /3  />  chIorophenol  sulphonic 
m  id  with  caustic  potash  (I*et«  t  Min  aiid  Haehi  • 
i'redari.  Annalen,  1871,  157,  130,  150).  In  the 
form  of  its  methyl  ethers  it  also  occurs  in  beech- 
wood  tar  creosote  (Hofniann,  I^t.  1878, 11,  333  } 
lloaauer,  M.matsh.  1S98,  19.  557). 
^  Prepctradon. — <Jallic  acid  is  heated  in  a 
bronze  dig«-ster  with  2  or  3  times  its  weight  of 
water,  at  2tHJ''-210  ,  for  aboiit  Imlf  an  hour,  in 
such  a  manner  that  the  carbon  dioxide  can  rcadil  v 


escape, 
heated 


The  resulting  pyrogaliol  solution  is 
charcoal. 


with  animal  charcoal,  filtered,  and 

rapiiily  evaporated.  'I'Ke  ]i\  I'l  ill  i]  which 
crvHtaUises  out  may  then  be  further  uuritied  by 
sublimation  or  distillation  under  reduced  pres- 
sure 'T.nvnes  and  Ksperandieu,  Hunpt.  rend. 
1805,  0i,"487;  *ec  also  D.  U.  PI'.  3(M)4S.  32830; 
Seurbach,  Ber.  1H77,  10.  38).  Callic  acid 
(10  grnis.)  may  al.-wj  be  heatid  with  glycorol 
(30  grins.),  at '190  -200°,  until  carbon  dioxide 
ceases  to  \x-  eivolved  (Thorpe,  ('hem.  News.  lS8l, 
43, 109).  The  yield  in  both  these  cases  \h  almost 
theoretical.  PvTafBUol  may  also  be  prepared 
by  healing  gallic  acid  with  2  parts  of  coarsely 
powdered  brimstone  (Licbig,  Annalen,  1857,  lol, 
4H),  or  with  twice  its  w  eight  of  aniline  at  120^ ; 


the  nnUirw  pi/mijaUafr,  ni.p.  Hfi'^-GC,  so  obtained 
is  treateil  with  benzene  or  t4)iuene,  when  pure 
pyrogallol  is  precipitated  (Cazenenve,  Oompt. 
i-etid.  lSt»2,  III,  I  IS.'".),  or  hv  heitini'  pyrogali«d- 
4-sulphoiuo  aeul  with  dilute  nuncral  acid^  in  a 
sealed  tube  for  8  hours  at  200*-  (D.  R.  P.  207374 ; 
Frdl.  11H)7-1U.  143). 

Propt:rtiM¥i — PjTogallol  forms  white  lustrous  * 
lamina;  or   fine   needles,    m.p.    132-5  -133-5°, 

,  b.p.  292'-294''  at  730  mm.  (decomp.).    It  is 

I  odourless,  has  a  bitter  taste,  and  is  poisonona. 
It  is  reiidily sohil>l(  in  aleohol, ether,  ami  in  water, 
djM.H«>l\  itig  in  2i  parts  of  water  at  13  .    When  ©x- 

'  posed  to  air  its  aqueous  solution  turns  brown 
rapitUy,  but  its  alooholir  Rolufion  tum>  brown 
more  nipidly  \\  lieu  kept  in  a  Hloppetetl  bvliie  ; 
both  solutions  may,  however,  be  preserved 
indefiiutely  by  the  addilioii  of  ji  small  quantity 
of  sodium  bisulphite  (Lujiiiere  and  Kevewet-/., 
J.  Soc.  Chem.  Ind.  1908,  183).  The  alkaline 
solution  also  ttu^is  brown  on  exposure  to  air 
owing  to  the  absorption  of  oxygen,  ajid  this 
property  is  made  use  of  in  the  estimation  of 
oxygen  ;  unless,  however,  a  sufficient  excess  of 
alkfSi  is  present,  much  carbon  monoxide  is 
evolved  (Clowes,  Chem.  Soc.  Proe.  1895,  200; 
see  also  Liebig,  Annalen,  1851,  77,  1U7  ;  Wey- 
land  and  Zeitler.  ibid.  1880.  205.  204  ;  Way! 
an«l  Goth.  Ber.  1881.  14,  2006;  Calvert,  Compt. 
rend.  1803,  57,  873  Cloez,  ibid.  875;  Bous- 
singautt,  ihid.  880 ;  Berthelot,  ibid.  1898^  126^ 
1459  i  abo  art.  Akalycus). 

Under  tite  influence  of  the  nient  dectiie 
(IiM)L;ir;:e  stn.ill  quantities  of  hydroigen  and 

,  carbon  monoxide  ore  evolved. 

When  hydrogenated  in  the  presence  of 
finely  dividt><l  nickel,  cyclo-hexane-1  :  2  :  3-triol, 
m.p.  07'',  is  formed  (Sabatier  and  Mailhe, 
Compt.  rend.  1908,  140,  1196). 

When  <!is.-ol\,  (1  in  liar%'tH  water  nnd  shaken 
witli  air,  it  fui  tus  lie xu hydroxy dipheiiyi  (llarrie*., 
Ikr.  J!Hi2,  35,  2954),  whilst  when  oxidised 
electrolyticallv  it  yields  purpurogailin  (Perkin, 
Chem.  Soc.  tran.s.  1904,  244).  The  latter  i« 
alsfi  obtained  together  with  a  substaji'  <•  ;H  ,„Oy 
when  an  alcoholic  solution  of  p^rogallul  is 
treated  with  acetic  add,  then  with  woainyl 
nitriti'.  .md  tlie  jiroilnct  boilo^l  wth  Water 
^Perkin  and  JStcvcn,         i'.»Oii,  S02). 

Pyrogallol  rapidly  rr<luf,s  L'.-ld,  silver,  and 

'  mercury  suits  even  in  the  (djil.  Pure  ferrous 
salts,  when  aiMcd  to  aqueovis  pyrogallol,  gives 
a  wliite  tiirbiility.  uhich  becomes  blue  on  addi- 
ti«m  of  sodium  hydroxide  or  in  the  presence  of 
a  trace  of  ferric  salt.  In  the  absence  of  alkali 
the  blue  colour  rapidly  changes  to  red  brown, 
this  change  also  being  induced  by  the  addition 

I  of  mineral  acids.  Organic  iron  salta  also  give  a 
blue  c..loui,i1ion  (Hirs.  li.  Clu  in.  Zentr.  1899,  i. 
927).    When  agitattxi  with  ])otassium  t-yanide 

i  pyrogallol  gives  a  ydlow-red  colouration,  which 
turns  to  ydlow-brown  on  addition  of  hydrogen 
jicroxitle  (Criggi,  Chem.  Zentr.  1899.  i.  4.')4). 
In  this  way  it  can  be  distinguished  from  gallic 
aeid,  which  gives  a  niby-red  colour  with  the 
fir.st  reagent,  and  from  digallic  acid,  M'luch  ^ves 
a  dirty  wliite  with  the  second. 

Five  mgrms.  of  pyrogallol  dropped  on  to  a 
melted  mixture  el  4S  ot  ammonium  nitrate,  34 
of  lead  nitrate,  and  21  of  lea<l  oxide  produces  a 
chrome-green  colour  (Matliieu-I'lessy,  Bull.  boc. 

I  Ind.  Muihouse,  1890,  69). 
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'  When  treated  vritk  atrong  mdphuric  acid 
anrl  ale ohidir  tartaric  acid,  pyrogallol  yields  a 
iii^uid  ^vliich  tii^t  exlubits  violet  striw,  and  theu 
AWttmes  a  unifurm  intense  violet  colour.  On 
<lilation  with  water  the  violet  colour  disaippcars. 
If  lactio  acid  is  used  instead  of  tartaric,  an 
orange -red  colour  is  ol»t:iiiu'd,  which  dot'N  not 
disappear  on  dilution  (Carletti,  J3olL  Chiiu. 
Farm.  1909,  48,  441). 

With  formalin  nii<I  snlphnrir  acid,  pjTorrallol  | 
gives  a  red  colour  (£ndemaunt  J.  Hoc.  (  hem.  Ind.  ; 
1896,  791);  in  the  preapnoe  of  ammonia  water  ! 
n  product,  used  in  the  treatment  of  bad  smelling  i 
wounds,  ulcers,  &c.,  is  formed  (D.  B.  P.  99570 ; 
Frdl.  1907-1010,  724).  When  heated  witk  ftlde- 
hydo  and  sulphiiric  acid,  it  forms  a  crystalline  i 
compound   CgHgl»3.2H;jU   (Caussc,  Bull.  Soc. 
Chilli,  [iii  ]  3,  801). 

When  pyrogallol  ia  heated  with  beazal- 
dehvde  in  the  prennoe  <rf  dno  chloride  or  of 
f  ill  i[  '  ulphuric  acid,  red  substances,  having 
the  prupertiee  of  aurine  dyes*  are  formed 
(Hofroann,  Ber.  1893,  28,  1139). 

An  aqnonns  solution  of  pyrogallol  is  ttirned 
brown  \>\  nitious  acid,  and  is  oxidised  bv  nitric 
acid  to  carl)on  dioxide  and  oxalic  acid  (iRosing,  , 
tl.  18r)7.  ;nr);    Jacquomin,  Bull.   SfX.  Chim. 
1873,   21,  435;    see  also  Oppenhcinu-r,  Jjtir.  , 
1903.  30,  1744). 

JJtrivatiyes.—PijroQoUol  monMulphonic  acid 
C,H,(0H)jHS03  is  obtained  by  treating  pyro- 
gallol with  sulphuric  acid  of  8p.gr.  1-84  at  about 
100'  (llelage.  Compt.  read.  IMK),  131,  400;; 
Schiff.  Annalen,  1875,  178.  171  ;  ate  also  D.  B.  P.  I 
207374 ;  Frdl.  Ifl07-10,  143) ;  by  treating  the 
product  with  fuming  sulphuric  acid,  the  disul-  \ 
Ithomc  Mid  is  obtained  (l>ekge,  ibid.  1901,  132, 1 
421).    The  mono*  acid  acta  as  a  dibasic  acid, 
whilst  the  disulphonic  acid  acts  as  a  tribosic  acid, 
thia  b^g  dne  to  the  fact  that  one  of  the  hydroxy  1 
groups  in  pynMnUol  ia  acidiQ  (D«lag^  Md.  1901, , 
133,  207). 

WhMi  solutions  of  the  hydroxide  of  caleinni, 
barinm,  or  strontium  are  added  to  the  corre-. 
Hponding  pyrogallol   mono-,  or  di-sulphonate, 
coloured  ^ull>.tance8  arc  jjroduccd.  tine  composi- 
tion of  which  varies  with  the  conditions  oi  the 
experiment.   Six  such  oomponnda  have  been 
obtainefl,  \  ai  virig  in  colour  from  violi  t  to  Mue. 
They  are  soluble  in  acids,  giving  yellow  solu- 
tions, and  tiieir  solubility  in  water  and  in 
alcohol    increases    ^rith    increasing    molecular  i 
weight  of  the  base  ami  the  nuiabci  of  sulphonic 
groups.     Tliey  oxidise  rapidly  in  the  nioist  j 
state,  but  when  dry  are  fairly  stable.    Wlien  1 
dep<jsitei<l  on  silk  they  turn  green,  then  yellow  ! 
(Delage,  Compt.  rend.  1909,  130,  899,  1206;; 
also  ittitl.  700  and  ^.c). 

Pyrogallol  sulphonic  add  has  been  employed 
in  dyeing  luiir  (  I>.  H.  V.  185041  ;  Frdl.  1907-10 
851).  The  sulphonic  acida  also  combine  with 
nitroflo  aromatie  and  ai^l  amines,  forming ! 
gillorvminc  >uli»hr)ni<'  acids,  wliich  give  Mtir 
tit  vi '.1.  f  shade.-i  on  wotil  (D.  R.  PP.  203145, 
2l40t.;{  ;  Frdl.  1907-10,  247,  253).  , 

For  amino  and  nitio derivatives^ Me Schifier,  i 
Ikr.  181*2,  25,  721.  •  ' 

PyrogaUol  ci0r6ocyl«6  add.  See  Gallic  Acm. 

PyrogaUol  cttrholhioxi/lic  arid 

r,HJOH>,(\S,H,H,0 
forms  beuutiiul  glistening  goldun  sciUes  which 


beoomo  anhj'drous  at  70*  and  have  m.p.  154* 
(Lippmann,  Monatsh.  1889,  10,  <117}. 

Pt/rogaikti  nioNomtlJti/l  dittr  C,H3(Oii)jUMc 
is  obtained  by  fusing  guaiucol  sulphonic  acid 
with  sodium  hydroxide.  It  has  ni.p.  00' -07", 
and  dissolves  in  aqmH)U8  idkali  Avith  a  jji^een 
colour,  which  gradually  turns  brown.  It  re- 
duces silver  nitrate^  especially  on  worming 
(D.  R.  P.  109789). 

Punxjallol  dimethyl  dhr  r„H.,f  OM.l.OH 
can  bo  isolated  from  beechwood  tar  creosote 
by  treating  the  fraction  boiHng  at  260<'-270^ 
with  benzoyl  chloride  and  decomposing  the 
product  with  alkali  (Hofmann,  Ber.  1h78,  II, 
1456;  ibid.  1879,  12,  1377,  2216;  Rosauer, 
Monatsh.  1898,  19,  657  ;  D.  K.  P.  9:i28). 

Pyrogallol  dimethyl  ether  is  obtaiucd  pure  by 
heating  syringic  acid  at  240''-270°.  It  forms 
cnrstals,  m.p.  64-8%  b.p.  262-7°  (Me  also  D.  K.  P. 
1<hS8S8,  and  Rosauer,  I.e.).  It  yields  a  jticmte, 
m.p.  61%  and  an  acetyl  derivative,  ni.]>.  53'5°, 
and  when  oxidi&cd  with  sodium  nitrite  in  acid 
eolQtion,  or  by  other  oaddising  agents,  it  is  con- 
verted into  cfdriret  (Graebo  and  Hess,  Annalen. 
1905,  340,  232).  When  mixed  with  the  dimethyl 
ether  of  methyl  pyrogaUui  and  caustic  soda 
and  oxidised  by  heating  in  air  at  200'',  it  yields 
pittacull  or  eupiuonic  acid,  which  d^es  silk 
orange  in  an  add  bath,  but  is  of  little  value  as 
a  dye  (Hofmann,  Lc).  Colouring  matters  are 
also  obtained  when  the  pyrogallol  ethers  aro 
trcidcd  with  clUoroforni,  carl»on  letraclJoridc. 
or  hexachlorethano  in  the  prcaeoce  of  alkalis. 
When  the  dimethyl  ether  ii  treated  with  tiglic 

aMehvde.  a  rrsin,  CjiHjaOg,  is  obtt^ed (]>oebncr 
Arch.  Pharm.  189C,  234,  610). 

Freshly  prepared  pyrogallol  dimethyl  ether 
can  be  omjtioyed  as  a  delicate  rejipcnt  for  the 
detection  of  chromic  acid,  ferric  Fa  Its,  nitrous 
atid,  and  other  oxtdising  agents,  ^ith  which  it 

S'ves  a  red  or  yellow  colouration  (Meywfeld, 
iem.  Zeit.  1910.  34.  IMS). 
The  trimdhi/l  dhtr  (Will,  Ber.  1888,  21,  607  ; 
Perkiu,  Chem.  Soc.  Trans.  189«,  1241 ;  Boyd 
and  Pitman,  1905, 1285)  and  the  ethyl  dkera 
(Hofmann,  Ber.  1878,  11,  798;  Hirw  hcl. 
Monatsh.  1902,  23,  181  ;  D.  R.  P.  162058). 
F«)r  other  alkyl  ethers,  see  Herzig  and  Pollack 
(Mtmatsh.  23.  700  ;  ibid.  1904, 21,  605  and 
808  ;  Ber.  \\m,  30,  600). 

The  carbamic  ««ter«  of  pyrogallol  !  :  3> 
dialkyl  ethers  are  prepared  by  treating  the 
ethers  with  carbamic  chloride  (CICONH,)  in 
ethereal  solution  or  by  the  interaction  of 
phcMgene  with  a  salt  of  pyrogallol  dialkyl  etlier 
and  then  converting  the  chloroformie  add  ester 
of  the  pyrogallol  ether  so  formed  into  the 
earbanuc  fxcvi  e.si^r  by  the  action  of  ammonia 
(D.  R.  P.  194034 ;  Frdl.  1907-10.  917). 

Pyrogallol  and  its  alkyl  clliers  cnmliine 
with  chloracetio  acid  on  boiling  witii  noiiium 
hydroxide  in  a  reflux  apparatus.  The  con- 
densation product  separates  on  acidifying  with 
h.>dro chloric  acid,  and  may  be  reery«^lised 
from  water  (D.  B.  P.  166668;  TtdL  1902-1904, 
102. 

I'!jrf^j(tnol  fflpeoOie  aeid  m.p.  ]53"-164*', 

pitruijtiHiil  Jii/h/coUic  acid,  pi/r/^gallol  ethyl  ether 
diglucoUic  acid,  m.p.  108"-iUy®.  and  ptfrotjallol 
diettyl  eiher  glycoUie  aeid,  m.p.  82'- 83  .  luive 
Ikhju  prepared.  Unlike  pyr'  L' illol.  tlic-r  deriva- 
tives are  not  poisonous,  and  can  L>e  uscil  in  the 
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troatmont  of  skin  dLseanes.  They  ace  also  said 
to  be  useful  in  photography  aodfin  the  maam- 
iaotare  of  dyestuSs. 

Pyrogallol  (20  parts)  rcacta  with  succinic 
nuhydmio  (10  parts)  at  150"-17u',  using 
aino  chtoride  as  condensing  agent ;  it  ^ulda 
amongst  other  dyestuffs,  pyrttgalloi  Buccmein, 
an  atmlriguo  of  galcin  and  digallaqfl,  wfaioh 
gives  yoUow  coioura  with  alumina  and  grey 
with  iron  mordants  (Georgiovics,  Monateh.  1899, 

JfifrogcUlol  succinein  CnHjjO,,  purified  by 
means  of  its  sulphnrio  add  eotnpound,  forma  a 

rod  po\v(l<  r,  nlniust  insdluble  in  ordinary  solvents, 
and  decumpuiioa  at  ibU".  It  combines  with  1 
molecule  of  hydroohlorio  add  to  form  brownish 
plates. 

DigaUacyl,  Ci  ,H ,  ^O,,  crystallises  from  alcoliol 
in  neediea  or  platen,  ond  turns  dark  at  270° 
without  melting.  It  dissolves  in  soda  lye, 
forming  a  yellow  solution,  which  on  oxidation 
turns  greenish  and  deposits  a  yellow  flocculent 
precipitate.  DigaUacyl  dissolves  in  strong 
sulphurio  add  with  a  yellow  oolonr,  and  on 
heating  or  adding  ferric  chloride  the  solution 
turns  an  intense  violet  colour.  On  careful 
ftilution,  a  greenish  pradpitate  is  formed,  wUeh 
on  tiltration  and  treatment  with  aulphiuio 
acid  again  give^  a  violet  solution. 

PyrogaUol  bemein,  C„H,40,„  is  obtained  by 
heating  ben/otnchloridt-  with  pyrogallol.  The 
chloride  so  formed  is  dt«cuinpused  by  boiling 
it  with  water,  and  the  benzeln  is  roocystallised 
bom  glacial  acetic  acid,  lis  dyi'ing  properties 
are  of  little  importance.  A  number  of  its 
derivatives  have  been  prepared  (Doebner  and 
Foerster,  Annaien,  1890,  257,  60).  Hydro- 
pyrogaUol  hemttn  C„H,i()5,3H,0,  formed  by 
the  rtdii.  ti'iii  of  the  above  compound,  fornis 
reddish  ueedlos.  A  dyestud  is  also  obUiined  by 
the  action  of  acet-jj-toliddine  on  pyrogaJloI  in 
the  presence  nf  ph<is[ihorus  oxychloi  ide  (D.  R.  P. 
140421  ;  Frdl.  11K>2-Iyu4,  349),  and  violet  to 
blue  dyestuffs  aro  Ibnned  by  the  interaction  of 
pyrogallol  with  a  numbt^r  of  ;i-dialkyIammo-o- 
hydroxybenzobeuiujio  acids  iu  the  presence 
of  sulphuric;  acid  (IX  R.  P.  122859;  IWI. 
iyOO-1902,  280J. 

PyrogaUol  forms  condensation  produots 
with  acetone  and  with  nuthvl  ethyl  ketone 
(Fabinezi  and  Szeki»  Ber.  1U05/38,  3527). 

Pyrogallol  forms  additive  products  with 
aliphalic  amines,  and  some  of  these  are  used 
in  photography.  Dimel^lamine  pyrogaUol 
^'t^h{0H)3-NHM»t  crystalHsee  in  prisms,  m.p. 
103^  dissolves  readily  in  wntor.  i,s  Himringfy 
soluble  in  alcohol,  and  insoluble  in  ether. 
Trivivlhyhiminc  pi/roijallol  im  lta  at  IWT  (D.R.P. 
14U01 ;  FrdL  1900-1902.  1218). 

Pyrogallol  also  combines  with  gaUocyanine 


PYIIOGALLOL, 


with  joyrogalloi  to  about  160^  It  distils  at 
ISS^/SBmm.  (D.  R.  PP.-KMWeS,  122145;  FrdL 
1900-1902,  1119). 

Diacetyl  pyrogaUol  has  m.D,  llO^-lll* 
(D.  li.  P.  104M3). 

Triacetyl  pyrogallol  {lenigallol),  obtained 
by  heating  pyrogallol  (200  parts)  with  acetio 
anhydride  (500  parts)  and  1  part  of  strong 
sulphuric  acid,  ia  a  white  cry.stalline  powder, 
m.p.  165^  (D.  K.  P.  124408;  Frdl.  1900-1902, 
1119;  Pcrkin  and  SimonesD,  Ghem.  8oa  Trans. 
1905«  858).  The  acetyl  oompoiiads  are  employed 
in  medidne. 

Pyrogallol  (2  mob.)  reacts  with  vanillin 
(1  moL>»  iorming  pyrogaUol  vaniUein  CmUj.O«, 
colourless  otystaJs  wliteh  turn  latenw  hfaie 
with  a  minute  trace  of  hjdxoddorio  MUl  (Btti, 
Monateh.  1882,  8,  677). 

C,H,oO,N„C,n,0„4H,0 
is  formed  by  mixing  eq,uivalent  q^uantities  of 
the  oonstitnente  in  warm  aqueons  iolutionB. 

It  consists  of  needle-shaped  cr3'dtall{|  m.p.  70" 
(Wt^,  Chem.  Zentr.  1910,  i.  519). 

Pyrogallol  aldoxitne  forms  white  lustrous 
pl.ito?,  m.p.  L>o:5^-2M»  (D.  A.  p.  114196;  Pidl. 
1900-1902,  121). 

AUotan  pyrogallol  needles  or  prisms,  whidi 
decompose  at  230''  (D.  K.  PP.  107720^  113722  ; 
FrdL  f900-1902»  163). 

PyrogaUol    carffonatt  '  HO  C,H,<q>CO, 

colourless  needles,  ]tt.p.  192*-1S3^,  is  formed  by 

passing  phosgene  gas  into  a  solution  of  pyro- 
gallol in  a  mixture  of  pyridine  and  xylene.*  If 
more  phoqgene  it  employed,  dififipgaUel  ki- 

eaiioMie  00(O.0.H,<^>00)»  eokmileM  leaf- 
lets, m.p.  177',      fnrme<l  (Einhorn,  CoUiner, 
I  and  Pfeifer,  lier.  1904,  37,  100).   The  benioyl, 
I  methyl,  bromo,  nitro,  and  other  derivativee 
of  the  carlwiiato  arc  di  ^<  iil)(>d  Iiy  these  authors. 
Fuming  nitric  and  sulphuric  acids  convert  the 
I  carbonate  into  4 :  ^-^nitropyrogaUel 

(.H(NO,),(OH), 
.  m.p.  208^   It  also  combines  with  q,iiiiioUne 
i  triethylamine,  and  other  substanoes. 

Pyrogallol  pipnidine  C^HjiNjCglljOj,  fornii 


(D.  R.  P.  77ir.2:  Frdl.  1894-1897,  490). 
with  a  number  of  diazo  compounds  (D.  R.  PP 
81109.  81376,  8266;  IWL  1890-1894,  637,  048  ; 
ibid.  I  SO  {-1897.  797,  798).  and  with  other 
compounds  fwrniing  u.scful  dyes  (U.  K.  I'P.  4914, 
50 }..();  aOtr>l,  54GG1.  72446,  68483,  59863, 
61326;  Fr(U.  18!MI  1894,  120.  147,  IfiO,  272; 
1887-1890,  481-485). 

Monoaeelgi  pgngdUol  (Evgattol) 

c,H3(OH),ocorir3 

is  obtained  by  heating  the  tri-  or  the  di«  acetate 


white  needles  which  evolve  gas  at  110'',  become 
disodonred  at  140*,  and  mdt  at  171"  (Boaen- 
heim  and  Sdddtowits,  CSiem.  Soo.  Trans.  1896, 

142). 

PyngtOtol-amlipynn^  C,fl^OH)a,GnH,^,0 

separates  as  an  oil  on  mixing  concentrated 
s^ilutions  of  pyrogallol  and  antipyrine.  It  forms 
colourless  crystals,  m.p.  77°-78°  (Patcin  and 
l>ufuu.  Pull.  Soc.  chim.  1897,  fiiL]  15,  1048). 
J'l/rogallol  quinoline.  See  Fubpukooiixin. 
J'l/roij(ilh)l  tjli/c(n!^oqii i noli iif  f(.irins  .small  ro.*ie- 
coloured  hexagonal  plates  and  yields  a  hydro- 
ehlofide  and  a  'ftatmoMoriie. 

Pgrogallolgh/ro!'  lr(thi/(Iroqu{noiine 
C,H,(U11)3C0C11,C,NH,» 
forms  yellow  crj-stals,  m.p.  177*-178'*.  It 
yields  amorphous  yellow  metallic  .salt.s,  tlors  not 
combine  with  acids,  and  gives  a  cr\'stalline 
sulphoHie  aeid  derivative,  m.p.  188^.  With 
phenylhvdrazinc,  it  forms  the  compound 
C,H,(OH)stX\MIPh)L"UtNllNlIPh,  which 
crystallises  in  slender,  vellow,  silky  needles^ 
m.p.  214''-216°  (Kencki,  Ber.  1894, 27,  1969Jl 
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Pyrogallol  al.so  combines  with  naphtho- 
quinone, yieidiiii;  products  which  are  employed 
in  pharniuceutical  and  dve.<tutT  preparations 
(i>.  K  P.  U6665;  I897-1UOU,  iYl\). 

For  hala^  deriTatives  of  pvto^'allol,  gee 
Will  (/.'•  ).  I\ratonner  (Gazz,  chim.  ita).  2S.  i. 
227),  Biotrix  (Compt.  zead.  1806,  122,  1545), 
Per  kin  and  Simonsen  (Le.). 

For  the  metallic  dcrivativei?,  /?cr  CnxiRse  nnd 
Bayard  (Compt.  rend.  lSli2,  115,  507),  Uo 
Forcrand  (ibid,  46),  Causae  (»6uf.  1893,  117, 
232),  Gofh'fTroy  (Chem.  Ztntr.  1895,  if.  l.W). 
Kunz  and  Krautw  (Arch.  IMiarm.  1898,  23b,  542). 
A  number  of  other  derivatives  of  pyrogallol 

have  been  deaoribed  (Dsiencgomldt  ^*  1^^' 
27,  1988 ;  BiskKyeki  and  Oehlert.  ibid.  2032 ; 

Syniewski,  ibid.  1895,  28,  1874;  Dimn  tli  and 
Zoepprits,  ibid.  19U2,  35,  993;  Godefiroy, 
J.  Soo.  Chem.  Ind.  189S,  650;  Bartolotti, 

Gozz.  chim.  itnl.  1806,  20,  ii.  433  ;  ibid.  1897, 
27,  i.  289 ;   Ilosauer,  I.e.  ;  Graebe  and  Sater, 
Annah-ii.  I'.m,  340,  222;  Gattennaam, 
1907,  357,  313  ;  Pcrkin  an<l  Weizmnnn,  Chem. 
Soc.  TranM.  1900,  1049).    V.  adao  Phenol  xau 

ITS  HOMOLOOUE-S. 


pottery  glazes,  and  bricks  ;  and  in  dyeing  and 
oaiico-printing.  The  principal  Ui>e,  huvvc\'t;r, 
of  the  mineral  at  the  present  day  is  in  the 
manoiaoture  of  iron  and  steel ;  the  ore  being 
used  uther  directly  in  the  smelting  or  at  some 
later  stage  in  the  form  of  ferromaiiganego  or 
spiegeleittan.  It  ia  also  used  for  the  manufacture 
m  mBiiganese*bnmn»  and  some  other  aIloy& 

L.  3.  S. 

PYROMETRY.  The  tirat  attempt  to  rt  conl 
tcni)xraturc8  for  industrial  purposes  may  Im 
said  to  liave  been  made  by  Josiah  Wedgwood 
in  17»2.  The  instrument  he  devised  depended 
on  the  permanent  contraction  of  fire-clay  when 
subjected  to  a  high  temperature,  and  remained 
the  standard  for  nearly  a  century.  In  18S2 
tlu'  famous  Sl'VTVH  ]>ottery  employed  fusible 
clay  to  determine  the  temperature  necessary  for 
their  irorlc.  TbSa  method  «m  perfeoted  in 
1SS()  by  Seger,  who  constructed  cones  of  clay 
uf  varying  composition  with  fusing  points 
ranging  from  600*  to  1800**.  The  substanoea 
which  enter  into  the  composilion  of  tliepc  pones 
are  essentially  pure  quartz  i^aiid,  Norwegian 
felspar,  carbonate  of  lime,  Zettlitz  kaolin,  con* 


For  the  use  of  pyrogallol  in  photogranhy,  aiatlngof  silica,  alumina,  oxide  of  iron  and  water, 
V.  art.  Photooraprt.  v      \  In  very  fusible  cones  oxide  of  iron,  oxide  of 

PYROGUAIACIN  r.  Guaiacum.  art.  Resiks.  I  lead*  carbonate  of  soda  nnd  boric  acid  j  >  i  1  li  d. 


PYROUGNATES.  PYBOUGMEOUS  ACID, 

V.  ACKTIC  ACin. 

PTROLUSITE.  An  important  ore  of  man- 
ganese, consisting  essentially  of  manganese 
fliuxide  (MnOj) ;  but  being  amorphous  and  a 
fin.il  produrl  of  the  decomposition  of  othtr 
nmnji^anese  minerals,  it  is  frequently  mure  or 
lew  impure.  It  forms  earthy  to  granular  masses 
with  an  iron-black  to  steel-grey  colour  and  sub- 
metallic  lustre ;  the  streak  is  bluish-black,  and 
the  mineral  is  soft  enough  (U.  =  2)  to  sm]  the 


The  leas  fusible  cones  contain  caloined  aluuuna. 
These  oones  are  extensively  used  tonla}-,  ehieHy 

on  account  of  thrir  Kimpiicily  and  eheapness. 
The  cones  are  m  the  form  ot  triangular  pjm- 
rnids  about  15  mm.  on  a  side  and  50  mm.  high. 
Under  the  oction  of  heat  tin  y  finally  soften  and 
I  bend.  The  desired  temperature  is  reached  wheft 
the  apex  hna  bent  halfway  over  and  points 
downwards.  A  further  Inoreaae  of  temperature 
causes  the  oone  to  melt  completely.  The  fumng- 
points  of  the  various  nii.ytures  have  bei-n  eaie- 


Hngpra.  Sometimee  it  shows  a  fibrous  or  ifuUy  determined  at  the  Berlin  porcelain  works 
oolumiwr  stnmture,  or  crystab  more  or  less '  by  oomparison  with  an  a«ottrat«  pjTometer. 


distinct  in  form.  Theso  an-,  liowever,  pjyudr 
morphous  forms,  and  are  duo  to  the  alteration 
of  erystallised  manganito  to  pyrolusite.  Man- 
ganese dioxide  crystallises  in  the  tetragonal 
system,  and  is  represented  by  tlie  rare  mineral 
polianitc.  Pynilusite  occurs,  together  irith 
pailomelane  fy.v. )  and  other  block  manganese 
oxides,  usually  as  btxls  and  pockets  in  clay 
overlying  limestones,  or  as  a  weathering  pro- 
duct of  ciystaUine  rocks  rich  in  manganese 
silioates.  Toe  known  localities  are  numerous. 
The  ore  is  mined  at  the  Lindener  Mark  near 
Uiessen,  Ilmenau  in  Thuringia,  Yorderehrens- 
doif  in  Moravia,  flatten  in  Bohemia,  C*amaryon* 
shire  and  Merionethshire  in  North  Wales ;  and 
more  extensively  in  the  Caucasus  and  elsewhere 
ill  Southern  KusMia,  Greece,  Bnutil,  United 
States,  India,  &c.  (On  the  manganese  ore 
deposits  of  India,  «ec  L.  L.  Formor,  Mem.  Geol. 
Burvcy,  India,  1900,  37.) 

The  name  pyrdluaite  (from  irip,  five,  and 
Kittp,  to  wash)  nas  referenee  to  the  weH^lcnown 
u HO  of  the  mineral  in  dei  olorisint^  glass.  Other 
applications  in  which  the  mineral  acts  as  an 
ondising  agent  are  in  the  preparation  of  ohlorine, 


The  c<tnes  are  supplied  by  number,  the  1es<? 
fusible  for  high  temperatures  extend  from  1  to 
38,  the  highest  being  about  I980^  The  more 
fusible  arc  numbered  froTu  (tl  to  022,  the 
luweijt  It  mpcrature  being  at  oiHi"".  The  cones 
28  to  38  ore  derived  from  cone  27  l^y  the  addition 
of  increasing  quantities  of  AltO«.  The  oones 
5  to  38  from  the  cone  6  by  the  addition  of  in* 
ereasing  quant  it  ics  f  if  thi' nii.xtnre  ALO3  -  lOSK^^ 
Cones  1  to  5  from  cone  1  by  replacing  increasing 
quantities  of  sesquiozide  of  iron  by  alumina* 
For  the  other  series  of  rones  No.-^.  010  to  1 
are  obtained  from  cone  1  by  the  substitution  of 
Ixjric  acid  for  siliea.  i'oum  022  to  Oil  are 
derived  from  etme  022  by  the  addition  of 
increasing  quantities  of  the  niixtun^ 
Al,0,+2SiO,. 
While  thes-e  cones  are  tisefiil  for  the  attain- 
ment of  any  particular  tempTature  in  a  luntace, 
tliey  can  be  no  guide  in  maintaining  a  .steady 
temperature,  and  oan  be  successfully  UHod  (jidy 
in  such  oases  where  a  fnmace  is  carried  to  the 
desired  ]>oint  an<l  tlu  11  allowed  to  cool  off. 
In  the  ceramic  industry*  they  are  generally  used, 
and  before  flrinff  ^  senes  of  oones  is  introduced 


bromine,  and  oxygen;  in  electric  lintteries  ;  as  \  so  that  tlie  atfiinmcnt  of  succe^-^ixe  fi  mperi- 


dryer  in  varnishes  and  paints ;  and  in  the 
manufacture  of  manganatee  and  permanganates 

used  OS  dininfectants.  As  a  colourinu^  material, 
it  is  used  in  the  manufacture  of  gri>en  and  violet 


tures  may  be  ol>served  by  the  falling  over  of  the 
tips  of  the  various  cone^  in  onier  uf  fusibility. 

As  peneral  temperatun*  imlicutt>rx,  tlu-y  are 
undoubtedly  luseful,  and  even  in  ca>kcs  where 


paints ;  in  the  odonring  of  glass,  pottery  and  '  more  expensive  means  are  adopted  to  measure 
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tho  temperature  of  a  fumnrr.  Othrr  forms  of 
fusion  p^Tomettra  ba%e  bet-n  Ui.viM:tl  from  time 
to  time.  Ooila  of  wire  of  the  various  metaln 
have  been  uwd,  Piich  as  the  Prinsep  allovs 
(range  020''-1225°)  (Ann.  Chim.  Phys.  1821>, 
41,  247) ;  but  these  arc  le«a  ea.sily  olmerved, 
and  give  by  no  means  so  fine  a  method  of  I 
indieathiK  temperaturea  as  the  Seger  eones. 

Bnarlev   aiul   Mo^jrwooirn   sentinel  jnro- 
meters  (Jour.  Iron  ami  Hitml  Imt.  1907,  U8, 
261)  have  been  prepared  for  steel-hardening 
furnaces.    These  depend  on  thr  pnrific  cha- 
racter of  the  im  ltiiig-point  of  pure  HOilium  or 
potat'sium  oliloridis.  Theee  salts  are  oast  into 
cylinders  and  placed  in  small  porcelain  saucers 
upon  the  floor  of  the  furnace  or  oven  to  be  eon- 
tiMlled.    When  the  tempe  rature  rises,  the  potas- 
sium chloride  oyiinder  remains  ereot,  and  retains  < 
its  form  absolutely  until  196^-139^  is  exceeded  I 
and  740°  is  reatln'd.  wlun  it  melts  down  to 
a  clear  liquid.  In  the  same  way  sudium  chloride 
and  barium  ohlcdde  melt  in  their  tuni.  In  order 
to  cover  the  range  from  630°  to  770*',  \ariou8 
combinations  of  sodium  chloride  and  putansium 
chloride  have  been  made.  The  gradual  addition 
of  pota.^Hium  chloride,  or  vice  ver96,  lowers  the 
melting-point  until  with  1  molecule  of  each  salt ' 
liie  lowest  attainal>lf  point  is  reached.  Other 
ranges  of  temperature  may  be  observed  among  , 
different  salts.  Thus  mixtures  of  sodium  and  I 
pota.ssium  sulphates  trive  a  ranu'e  from  about 
SOO^-IOW.    Tho  indications  of  the  sentinels 
are  sharper  than  the  Seger  eonea,  vhich  gradually  I 
soften  at  first  and  often  leave  some  doubt  aa  to  \ 
the  exact  t^jmperatunj  uituiiu-d. 

The  observation  of  tho  boiling  point  of 
liquid  alloys  of  Fodium  and  potassium  has  been 
suggested  "by  Baly  and  Chorley.  This  may  be 
used  up  to  GOO*,  but  cannot  I»<-  naid  to  be  a 
form  of  measurement  suitable  for  industrial 
purposes. 

OSHBBAL  EZPAKSIOX  UkTHOSS. 

The  measurement  of  temperature  by  the 
expansion  of  vanous  materials  forms  the  banis 
of  a  large  number  of  iiuHtrumonts.  With  the 
<xetption  of  tile  ordinary  air  nr  hydrogen 
thermometer,  ail  tho  commercial  instruments 
are  empirical  in  oharaeter.  It  is  hardly  within 
the  srrip-  of  this  nrf  ii  1«-  to  deal  wit!i  the  .standard 
gas  thermometer.  It  should  bu  understood, 
however,  that  all  the  temperature  indications 
of  the  commercial  instniment-s  should  be  ex- 
prease<l  in  terms  of  th(i  normal  hydrogen  scale. 
While  local  conditions  may  be  adequately  met 
by  individual  aoalos  easily  ronroduciHl,  these  are 
but  makeshifts,  and  should  be  replaced  by 
standard  instrumnits  or  by  lefcdrenoe  to  a 
standard  pyrometer. 

The  weU-known  meireury-in>glssa  tlMr> 
mnmrtfT  is  adapted  for  ranges  higher  than  the 
lK)iling-point  of  mertury  by  the  use  of  hard 
glass  or  quartz  and  the  introduction  of  nitrogen 
un<ler  i)res^iire  intii  tin  f  ul.c.  Commercial  instru- 
ments are  available  reading;  to  GOO°C.  or  GOO'C, 
but  the  pressure  is  so  high  (JiO  atmospheres  or 
more)  that  they  are  exceedingly  liable  to  break. 

The  use  of  1>ars  of  metal  has  been  in  voi^ie 
for  a  viTv  long  time,  and  many  ditfereril  n  i  ins 
of  instruments  have  been  dcvii*ed.  One  often 
met  with  at  the  preitcnt  time  is  that  of  Scb&ffer 
and  Bttdenberg.   It  consists  of  an  outer  tube 


of  iron  surrounding  a  rod  of  cnppor  attached  at 
the  end.  The  tubes  are  usually  2  ft.  0  ins. 
long.  tJtUJCbed  to  a  dial  gauge  for  showing  the 
relative  expansion  of  the  two  metals.  1'hc 
relative  movement  of  the  metals  is  magnified 
In-  a  system  of  levers.  The  ninge  of  the  in- 
strument is  from  212^h\  to  72U*F.  Some  other 
forms  sneh  as  those  of  Daniel!,  Steinle  and 
Ilartiiiir  inijiloy  l^arsof  mefjil  indnsi  d  in  earth- 
enware and  graphite  respectively,  and  may  be 
use<l  for  mu<m  higher  temperatures. 

Various  ]»ractiral  air  pyrometers  hnvr  been 
pro|x>sed.  The  pyrometer  of  Heiseh  and 
Folkard  is  a  sitnplitied  air  thermometer  readisf; 
only  to  500°C.  The  form  of  air  p5romet*'r 
devised  by  Wiborgh  (Trans.  A.  I.  Min.  E.  1892  ; 
also  Jour.  Iron  and  ,Sle<  l  In.st.  1SS2,  2.  110) 
consists  of  a  porcelain  bulb  containing  air  at 
suitable  initial  pressure.  The  bulb  is  attached 
to  a  metal  tube  communicating'  witli  a  col- 
la  pbi  bio  vessel  operating  a  registering  device 
similar  to  a  Bouroon  steam  gauge.  The  increase 
in  air  pressure  due  to  rise  of  temp«Tatiire  i=; 
eflFective  in  operating  the  gauge,  on  m1i:i1i  h 
scale  of  temperature  is  place<l,  raiiL'ini:  fmm 
ordinary  temperature  up  to  240UT.  The 
instrument  ts  similar  in  appearance  to  the  metal 
ex})ansinn  thermometer,  and,  like  it,  is  subji*ct 
to  errors  due  to  the  magnifying  device  for  pro- 
ducing a  large  open  scale.  It  is,  however,  more 
frauilr  ouinir  to  the  jioreelain  Inilb.  and  the 
scale  lit.s  to  bcsset  frequently  when  the  pyrometer 
is  eool. 

The  Bristol  uir  ]uri)meter  is  well-known  in 
America,  and  hajs  the  advantage  of  combining 
a  recc>rdinL'  gauge.  The  bulb  is  metallic,  ami 
is  attached  to  many  feet  of  ilezible  metallic 
tubing.  It  is  not  used.  hoiveTer,  for  tempeEa* 
tures  over  ^WF.  or  COO^F. 

The  expansive  power  of  the  vapour  of  many 
liquids  above  their  normal  boiling-points  haa 
been  }iiphly  recommended  as  a  suitable  means 
for  measuring  high  temperatures.  Thus  Schiiffer 
and  Budenbeig^  thalpotasdmoter  is  a  iyw  of 
instrument  employing  this  method.  It  is 
similar  in  appearance  to  their  metal  expansion 
thermometer,  but  the  increase  in  pressure  of 
the  vapour  is  used  aa  in  Wiboigh's  air  ther- 
mometer to  operate  a  pressure  gauge.  For 
temi M  rat  ures  (-f  n2°F.  to  250''F..et her  is em)>loyed 
as  the  8omt:c  of  vapour,  from  212*^.  to  twd^F. 
water  ia  used,  and  from  650^P.  to  \m\'>F. 
mercury  is  the  worlcinc  ?nf»stnnre.  "Whilst  it 
may  be  said  that  the  lirst  two  are  serviceable, 
it  cannot  l>e  said  that  the  last  one  is  durable 
enough  for  practical  purpoftes,  on  account  of 
the  aestruptive  action  of  the  mercury  vapour 
on  the  metal  parts. 

2'rantpinUioH  m/rometfr$.  A  pyrometer  has 
been  devised  hy  fVews  vhieh  in  principle  is  a 
eontinuotis  air  f hermnmetcr.  The  pressure  of 
air  flowing  out  of  a  fine  opening  in  a  tube  is 
adjusted  when  cold.  When  the  tube  is  heated 
the  \Kuk  pressure,  which  results  from  the 
volume  increase,  is  recorded,  and  gives  a  measure 
of  the  temi»erature. 

The  liest  known  transpiration  pyrometer  is 
that  of  Uehling  and  Steinbart  (Stahl  n.  Eisen. 
185)9.  19,  431  :  .lour.  Iron  and  Steel  Inst.  1;H)4. 
05,  124)  («€  Fig.  1).  Air,  carefully  liltered,  in 
drawn  through  a  fine  opening  in  the  end  of  » 
fine  platinum  tube  surrounded  by  a  second 
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platmuin  tube  exposed  to  tho  heat  o!  the 
fumaoc.   This  air  is  sucked  through  *  aeooml  • 
fine  tube  after  being  cooled  down  to  » tempera-  j 
tiire  of  212°F.    A  steam-blast  exhau^i  -t  rves  to  i 
maintain  a  ootutaut  suction.   It  ia  obvioua  that 
owing  to  the  MMtkm  of  tlie  air  *  diffonnoe  in 
prewuve  wiU  iwiilt  between  the  tvo-nidfli  of 


iff 
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1 


3 


Fia.  1. 

the  second  fine  tube.  Owing  to  tlic  expansion 
of  tho  air  passing  through  tho  tirst  heated  tube, 
this  difference  in  pressure  decreases  with  rising 
tfinixranin-,  and  a  suitable  manometer  tube  may 
bo  Mocd  OA  au  iodioator  of  the  temperature  of 
the  heated  air.  The  rising  and  fattm^  column 
of  water  ill  thf  maiinmcHT  tiiVx"  indicates  on 
a  scale  a  rising  and  falling  teiupt'ratufe.  The 

Efiometer  can  readily  bo  made  self-recording 
y  attaching  a  float  over  the  liquid  in  tht- 
manometer  tul>e.  To  the  iloat  is  attaclicd 
gear  which  operates  a  pen  moving  over  a  rotating 
drum.  The  instrument  has  extenatTe  uae  in 
blast-fnmace  work,  in  spite  of  tta  high  cost. 
I  his  is  chictly  due  to  the  pcrnuwu  nt  chnructor  of 
the  iostallatioD.  Tlie  pyrometer  is  not  portable, 
and  hence  there  is  less  liability  of  breakage  in 
transferrin;:;  it  from  one  furnace  to  another. 

A  trauHptratiou  pyrometer,  knoVrH  as  the 
Krupp's  p3Tomet<T  (von  Bergen,  Joor.  Iron  and 
Steel  Inst'.  IS8C,  1.  207.  also  known  as  the 
Hobfton  hot- blast  p^  rouicter),  has  l)ecn  devised 
by  which  ordinary  mercury  tin  rnuinu  t^T-i  t  an 
be  used  to  measure  the  temperature  of  the  hot 
blast.  Oool  air  in  suitable  proportions  is  mixed 
with  a  sl  ream  of  thr  Imt  >:a.scs  drawn  out  IhrouLrh 
a  side  tube  in  the  hot- blast  main.  It  is  based 
on  the  assumption  that  the  ratio  of  the  amount 
of  h>it  qas  to  cold  air  is  the  same,  whatever  the 
prcsiiure  of  the  hot  blast. 

Specific  heat  pyrometer.  While  at  one  time 
most  of  the  best  pyro metric  methocls  were  ba«e<l 
on  the  measurement  of  tho  heat  absorbed  by  a 
knowii  mass  of  metal  imiiirrsfd  in  a  furnace, 
at  the  present  time  there  appears  to  be  little 
reason  for  their  continuation. 

TIk'  wai<  r  p_\TX)met<T  of  Siemens  is  basetl  on 
this  prmciple,  and  was  formerly  widely  used  for 
industrial  purpoees.  It  scorns  hardly  necwat^arv 
to  more  than  mrntion  it  here,  since  it  hag  I'l  t  n 
practically  isuperfcoih*]  \<y  mrfre  modem  and 
more  convenient  mt  thods. 

The  conducting  «>f  heal  out  of  a  furnace  by  a 
nu-tal  rod  such  as  Jounle's  method  has  been 
u-t  d  to  iiidiratc  tho  temperature  of  the  furnaee. 
This  method  cannot,  however,  be  said  ti)  be  of 
industrial  application. 


Wiborgh's  thermophono  pyrometer  cuiusists 
of  small  calcined  cylinders  wich  are  placed  in 
the  furnace  and  explode  with  a  sharp  crack  at 
tlic  end  of  an  int<TVuI  of  time  corresponding 
to  the  temperature  of  tho  furnace.  Their  range 
is  from  StMrl*.  to  4000*F.  In  practice  they  are 
placed  in  the  fumaro,  and  tlie  time  up  to  tho 
moment  of  explosion  givosa  inuana  of  cakjulating 
from  a  table  the  temperature. 

Electrtrnl  'piframetrtj.  Elect rieal  pyrometCfV 
may  be  divided  into  Lu'o  claiiscs,  those  making 
use  of  the  thermoelectric  properties  cjf  tho 
metals  first  discovered  by  Seebeck  in  1820  and 
applied  by  Becquerel  in  1830,  and  those  in  which 
the  change  in  resistance  of  a  metal  wire  with 
temperature  is  employed.  It  is  to  the  researches 
of  G.  Bams  (Bull.  U.S.  Geot.  Survey,  1889,  64 ; 
Phil.  Mag.  18D2.  [v.]  34, 1 )  and  LeChaUlier( Bull. 
Soc.  Chem.  1887.  47,  2,  300)  that  we  owe  our 
knowledge  of  the  most  serviceable  higfa-tem* 
perature  f hermoolectric  pyronif*f<r.  Barus  ex- 
pcrimcntud  with  wires  of  platinum  and  an  alloy 
of  platinum  and  10  p.e.  iridium.  Ho  found 
that  the  junction  of  the  pure  metal  and  the 
alloy  formed  a  thermocouple  of  great  reliability 
over  tho  range  300*'-l.'iOO**C.  Tx-  Chatditr 
j  studied  a  junction  of  platinum  with  an  alloy 
of  platinum  and  10  p.c.  rhodium.  Subsequent 
researches  by  A.  L.  Day  and  by  Holbom  and 
Day  (Wied.'Ann.  1899,  68,  817;  Drude's  Ann. 
1901,  4,  99)  have  shown  that  the  rhodium  alloy 
stands  tlio  hia;h  temperature  hefter.  From  tho 
thcrmueleetric  tublu  of  the  luctuls  pairs  of 
mctab  may  bo  selected  giving  large  electromotive 
forces,  but  exhaustive  research  has  found  none 
to  equal  the  couple  of  Le  Chatelier  in  standing 
the  dcptruelive  action  of  even  a  moderately 
high  temperature  for  any  length  of  time. 

They  arc  all  based  on  the  sano  general  jwin- 
ciple.  One  end,  tlie  hot  junction,  is  oompose<l  of 
the  two  metalti  f  ut»ed  or  soldered  together,  and 
the  other  end  consists  of  tho  cold  junotkm, 
where  tho  wires,  having  passed  out  of  tho  furnace, 
arc  maintained  at  a  uniform  temperature  either 
at  a  0*C'.  or  at  the  temperature  of  tho  room. 
From  the  '  cold  end,'  wires  pass  to  a  galvano- 
meter or  millivoltmeter,  ana  the  temperature 
may  be  indicated  directly  oji  the  scale.  The 
luoilern  development  of  the  portable  galvano- 
meter has  very  much  foeHitated  the  use  of  the 
thermojunction.  Tho  oorroctncss  of  readinjj 
de|x;uds  an  much  on  tho  cold  end  as  on  the  hot 
end,  and  hence  groat  care  must  be  cxercise<l  to 
have  the  wre«  of  the  couple  sufficiently  long 
to  bo  a^vay  from  the  influence  of  tho  furnace. 
This  is  an  expensive  matter  with  the  platinum 
thermooouple,  but  tho  use  of  a  water- oooied 
'  cold  end  ^  helps  to  correct  this  disadvantaf^o. 
The  E.M.F.  developer!  in  microvolts  for  tho 
platinum-rhodium  and  platinum-iridium  thermo- 
couple is  given  in  the  following  table : — 

Temfk            Ir.  Kh. 

mPQ,           617  665 

448T.  3228  3460 

OSO^C.  IIOOO  8500 

1500  V.  15100 

The  expression  found  to  tiojti  fur  the  Ileichs- 
an.stalt  standard  junction  v\iu>  h  is  usually  sup- 
plied iri  given  in  microvolts  as  follows,  to  hold 
oiUy  between  300*F.  and  llOO'T. 

E»  -310+80481 -f 0-00172(« 
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Tlu'  iMllM-.riri^ 
a  number  of 


961-5 
10650 


when  the  cold  junction  is  mamtoined  in  melting 
ioe. 

In  obtaining  temperatures  bv  one  of  these 
oonpleft  it  in  mtioh  more  praoticd  to  determine 

aocuratrly  a  numlxr  of  fixed  point*,  measuring 
at  the  saime  time  the  KM.F.  developed  between 
the  hot  jnnotion  and  the  oold  junction  in  ioe.  A 
suitTlilo  potcntiomctfT  for  such  work  may  be 
readily  made  or  Dbtaiiied  from  any  of  the 
standard  instrument  companies, 
gives  the  meiting-pointe  of 
convenient  metaU : — 

)|0tal  Uelting-polnt 

Zinc  4190 

Aluminium    ....  657*0 
Slver  . 
Oopper  . 

A  curve  showing  the  relation  between  K.1LF. 
developed  and  temperature  ean  bo  readily 

obtaiiutl,  and  becomcH  a  c.iliViratiun  curve 
from  which  any  temperature  withm  the  range 
can  be  determined. 

For  influ.-trifil  ptirposrs  there  are  portable  gal- 
vanometers available,  such  as  the  galvanometer 
of  Le  Chatclier,  which  are  calibrated,  directly 
in  degrees.  The  thermojunction  itself  is  pro- 
tected in  a  porcelain  tulx*  from  the  direct  action 
of  the  furnace  gases.  Tliis  is  very  necessary, 
inasmuch  as  rw*hot  platinum  very  rapidly 
becomes  contaminated  by  alloying  with  Twrlous 
ififtallic  va]K)iirs  or  by  coraincr  in  tlircot  rontaot 
with  impurities.  Such  contauiinatioii  at  once 
alters  the  thermoeleotrio  properties,  and  causes 
grave errnrf.  Convenient  forirs  of  the  platinum- 
rhodium  thermooouplo  are  now  supplied  by 
nearly  all  the  leading  instrument  maxors.  In 
ordfr  to  keep  the  expense  of  the  fire  end  as 
low  ikg  possible,  the  Bristol  Company  use  the 
platinum  and  platimun-rho'liiim  couple  placed 
iust  at  the  end  of  the  pyrometer  tube,  but 


oonple  after  prolonged  use,  but  this  is  not  a 

serious  objection  oA^-inp;  to  tho  low  cost  of  re- 
newals and  the  bIuui  character  of  tho  lire 
end. 

Recording  instruments  have  been  devised 
for  the  thermocouple,  and  many  of  them  are 
extensively  ut^nl  in  industrial  work. 

The  first  efforts  to  record  automatically  were 
made  by  Boberts^Austen,  who  employed  tlie 
well-known  photographic  nicthotl.  For  re- 
search work  involving  rapid  temperature  changeti 
the  method  has  no  equal.  The  small  inertia  of 
the  moving  Fvstom  renders  it  quick  to  respond 
to  Iha  temperature  fluctuations.  A  spot  of 
light  reflected  froa  the  taiame  of  a  »d> 
vanometer  falls  on  a  moving  photograpoic 
film.  Subsequent  development  revetds  the 
trace. 

for  industrial  purposes  varions  devices  have 
been  proposed.   A  simple  one  extensively  used 

is  lo  provide  the  moving  galvannraeter  coil 
with  an  arm  carrying  a  pen.  This  pen  is  raised 
slightly  ofif  a  sheet  of  paper  fastened  to  a  re- 
volving drum  or  disc.  At  regular  inter--i1  -m 
arm  depres«cf<  the  pen  and  makes  an  ink  dot, 
so  that  the  ]>  -ition  of  the  pointer  on  the  scale 
is  recordetl  by  a  series  oi  these  dots.  The 
Bristol  recording  mechanism  is  es-sentially  this, 
tho  dots  occurring  so  rapidly,  onco  every  ten 
seconds,  as  to  produce  a  practically  continuous 
reoord.  The  Cambric^  Sdentifio  Instrament 
ronipany  make  a  thread  recorder,  which  con- 
adat.s  of  a  suspended  coil  miilivoltmeter  in  which 
the  pointer  is  automatically  depressed  by 
clockwork  every  minute.  This  forces  an  inked 
thread  on  to  a  chart  carried  by  a  revolving 
drutn.  A  similar  leoordsff  is  sold  by  Baird  and 
Tatlock. 

Tho  cold  end,  as  a  source  of  error  in  the 

general  use  of  thermoelectric  |)vr> iiiietcr.s,  is 
often  overloolced  in  the  moro  inexpensive 


further  back,  where  the  temperature  is  never  I  instruments.  Sbmy  deviees  have  been  brought 


ni])}X)seil  to  ex  1  1000°F..  thry  substitute  an 
alloy  of  iuiipc  nsivu  material  of  such  thermo- 
electric properties  that  the  xesoltant  effect  is 
as  though  the  entire  p%Tometer  were  rnnsfructed 
of  the  more  expensive  material.  Care  uiu&t  be 
talcen  to  locate  this  junction  of  tho  inespensive 
alloy  and  also  the  oold  eod. 


out  for  correcting  the  errors  duo  to  the  rnld  end. 
A  cominou  ou<!  ii?  to  have  the  wires  leading  from 
the  furnace  carried  down  to  the  floor  by  a  right- 
angled  join.  In  tliis  way  a  more  uniform  t<»m- 
peiature  is  assured.  A  water-jacket  .seems  to 
bo  quite  saturfactory  and  simple  to  use.  The 
Bristol  Company,  however,  supply  a  *  odd  end  ' 


For  modente  temperatures  bron  and  nickel  >  compcnsatorwiuchoonristsof  a  pair  df  resistance 


have  lieeti  used  extensively  in  tlinrrnnt  ouplc-^. 
Thoy  have  an  advantage  of  Ixung  cheap  and 
forming  a  couple  of  great  sensitiveness.  From 
ordinary  temperatures  up  to  about  H00*F.  or 
100<)°(  '.  tho  iron-nickel  thermocouple  is  service- 
able. For  industrial  purjjoses  this  couple  is 
offcretl  in  many  forms.  Thus  the  Bri.stol  Com- 
pany incloses  it  in  an  outer  protecting  tube  of 
inm,  which  when  burnt  away  may  be  discarded. 


wires  III  circuit  with  the  thermojunction.  A 
mercury  column  expands  up  a  tube  containing 
the  wires,  and  thus  snort-oironits  d^nite  lengtiis. 

In  this  way,  when  the  temperature  of  the  cold 
junction  rises  and  woukl  produce  a  smaller 
reading  by  reducing  the  current,  tho  rising 

mercury  eutf  ont  fomo  resistance,  and  so  main- 
tiiins  tlic  current  in  the  circuit  at  a  cun.stant 


value.    See  Fig.  2. 

Stansfield  offers  a  simple  modification  consisting  |  There  are  many  ways  in  wliich  the  thermo- 
of  a  rod  of  nickel  inclosed  in  a  tube  of  iron,  |  junotion  Is  superior  to  other  forms  of  elect  riml 

!)<.lli  nictah  fidiiig  (o^cf!icr  a1  tlie  end.  The' 
protecting  tube  funushca  oMi- end  ot  the  junction. 
A  water-oooled  oold  end  (ompletcs  a  simple 
and  effective  pyrometer  which  may  }>c  k  .<d  on 
any  convenient  miUivoltmeter  of  ap|>tuxiajaiei> 
25  mv.  range. 

The  low  cost  of  the  Stansfield  or  the  Bristol 
fire  end,  compared  with  furnace  operation, 
would  quite  wai  rant  a  fresh  end  lieing  used  at 
each  heating  even  were  this  necessary.  There 


pyrometer.  It  is  its  riwn  luittery.  requiring 
no  auxiliary  circuits.  The  tire  ends  are  often 
cheap  and  eadly  replaced,  and  may  be  put  a 
ItitiL'  di«tauec  away  from  the  furnace.  T?r>th 
imliciiting  and  recording  instruments  may  bo 
attnelied  to  the  same  fire  end. 

Temperatures  up  to  160()°C.  ean  homea.sured 
with  simple  reading  instninients,  although  even 
with  the  platinum-rhodium  couples  for  tem* 
peratiu'es   liigher   than   1^°C.  continuous 


is  no  doubt  of  the  ultimate  deterioration  of  this  beating  of  t^  oonple  it  not  xeoommendbd. 
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The  measurement  of  temperature  by  the 
change  in  rt-sistanco  of  a  platinum  wire  has 
been  used  for  innny  years.  The  foundation 
upon  vhi(^  pnoiioaiiy  the  whole  of  the  modem 
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lucthoA-j  rest  is  the  classical  work  of  Callendar 
in  1887  (Phil.  Tmns.  I^ST.  A,  ITS).  Not  only 
were  the  various  wires  studied*  but  the  simplest 
-way  to  exproH  tlia  nlatkm  between  air  tempera- 
ture and  resbtance  changes  was  .sug^t^steil. 
CeUendw  found  that  pure  platinum  was  the 
beet  vixe  to  tue,  and  that  ooihi  df  this  metal 
wound  on  a  mieva  frame  would  stand  tempcra- 
turea  up  to  1000''-1200*'C.  Ho  suggested  the 
flattottm  M«l«  of  temperature,  irioch  14  gtvon  by 

Pi«  ?L-:I^.  XlOO, 

as  suitable  and  reliable  for  all  samplofl  of  wire. 
The  relation  between  the  nitropcn  thernioniefcer 
and  the  plattnnm  scale  was  givea  bj  the  ex* 


The  nso  of  the  c<jmpensated  loadB  in  the 
Whoatatono's  bridge  method,  as  shown  at  C 
in  the  diagrams,  renders  the  indieatione  of  the 
therjnoinot<'r  independent  of  distance.  Thus 
,  instrumoats  for  recording  air  temperatures  have 
been  operated  up  to  a  distanoe 
of  nearly  a  mile  with  snccess. 

In  the  Figs,  b,  and  h,  are 
ratio  coils  forming  two  01  the 
arms  of  the  liridgo.  »  i.s  the 
batter^-,  o  ia  the  galvano- 
meter. In  Fig.  4,  T  is  a 
telephone.  In  bot^  fignieB 
tile  compensating  leads  are 
.'^hown.  A  galvanometer  de- 
tector is  usually  used  as  a  null 
instrument  for  obtaining  the 
balance-point,  and  hence  the 
temperature;  but  a  telephone 
can  bo  conveniently  substi- 
tute<l  for  the  galvanometrr 
without  the  use  of  an  induction  coil  to  interrupt 
the  current,  as  in  the  pyrometer  of  Tory  and 
Barnes.  The  make  and  bxeak  of  a  wire  indei^ 
wUeh  aete  as  the  balanoe-pdnt  finder  on  the 
l)ridge  wire,  causes  the  telephone  to  click  at 
points  other  than  the  tiiie  balauoe-poiat. 
Callendar  has  devieed  a  temperatnre  indicator 
with  a  galvanometer  the  deflection  of  which  is 
proportional  to  the  temperature.  This  requires 
a  speeiaUy  ooanectod  differential  galvanometer, 
and  is  not  so  practical  an  a  ntdl  niet}if>d  with 
moving  scale,  as  iis  iUustrutcd  in  the  Whipple 
tcnijKTature  indicator,  or  the  temperature 
indicators  supplied  by  Leeds  and  Korthmp  in 


TO  inmcATihO 


<-Pi-«[(ioo)  100] 


where  S  is  a  constant  involving  the  two  oon- 
stents  in  the  expression  connecting  the  relation 
between  resistance  and  the  air  scale.  The  value 
of  S  for  pure  platinum  wire  is  found  to  bo  1'5U. 
It  changes  with  the  purity  a  little*  being  aa  high 
as  1*7  for  impure  wir 

Platinum  re.si.Hlaneo  thermometers  are  par- 
tioobdy  valuable,  inasmuch  as  the  nitrogen 
scale,  and  through  that  the  standard  hydrogcm 
scale  can  be  alMtolutely  dtilined.  For  the  labora- 
toiy  no  other  form  of  thermometer  is  so  useful, 
00  other  thermometer  so  oapaUe  of  snoh  pre- 
ciston  of  reading  over  so  wide  a  scale,  from  the 
lowest  attainaljio  terniwraturo  up  to  that  of 
iOOO^'G.  Beyond  lOOO^a  it  is  not  safe  to  go. 
The  minnte  diantegration  of  the  piatinum  at 
that'ten»p<>ratnro  very  soon  causes  n  rh  uice  in 
the  rosistanoe  of  the  iine  wire  coil,  and  so  alters 
the  readings. 

Tliert)  are  twfi  r^f  thods  of  reading  platinum 
thermometers,  liic  \Vh«»tstoue'«  bridgo  method 
with  the  compensated  leads  devised  by  Callendar, 
and  the  potentiometer  method  as  used  in  Ger- 
many. 

Of  the  two  methods  the  former  is  iiim  h  more 
practioal.  Figs.  3  and  4  illustrate  the  general 
plan  of  conneotions  of  the  Wheatstone*«  bridge 
circuit.  Tlic  first  one  shows  a  short  bridL'n  wire 
BW,  with  multiple  coik  r,,  r,.  r,,  &c.,  and  the 
•eoond  shows  one  long  bridge  wire  cm  which  the 
whole  temperatttTft  scale  ia  placed. 


Redstanoe  thermometcfs  lend  thomsdvea 

readily  to  automatic  rrcording.  Such  a  re- 
I  cordcr  w&h  deviled  by  Cullundai ,  and  in  auppUed 
for  industrial  purposes  (tee  Fig.  6).  No  tem- 
perature recording  mechanism  compares  with 
it  for  flexibility  and  accuracy,  but  it  is  much 
less  simple  tlian  tlio  automat io  recorderH  for 
thermojonctions.  The  Cambridge  Scientific  In- 
etmnient  Company  have  perfected  the  instru- 
ment, and  now  supply  it  fur  all  clac=ies  of 
temperature  work.  It  cousi^l.4  t^tsentialiy  of 
an  automatic  WlMatetone's  bri<lge  or  pot«Ati<i- 
meter,  aa  the  case  may  be.  A  galvanometer 
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Q  is  provided  with  a  s^ial  arm  a,  carrying 
double  oontooto  4%  whioh  straddle  •  oontaot 

wh<»"l  <i|KTated  by  clockwork  c.  A  right  and 
left-hand  relay  device,  m,  and  connected 
with  a  diffenmtial  gear,  is  governed  by  tho 

double  contact.  A  gnlvanomotcr  potential 
sliding  cuuUict,  sc,  is  moved  over  the  bridge 
wire,  BW,  either  to  the  right  or  left,  aa  dotcr- 
inincd  by  the  small  swing  of  the  galvanometer 
engaging  one  or  the  other  of  tho  double  contacta 
on  the  contact  who<I.  The  balance  is  deter- 
nuned  by  the  oontoot  point  being  moved  auto- 
matieally  to  the  null  i>osition  by  the  relay 
JUei  lumism.  rhange.s  of  teuiiH  raturo  in  the 
pyrometer,  P,  upeet  the  balance,  cauao  the 
galvanometer,  o,  to  deflect  and  the  contact^  sc. 
to  be  moved  to  a  now  position  of  rest.  A  record 
is  traced  on  a  revdlving  drum,  RD,  by  a  pen 
attached  to  tho  galvaooiiieter  oontaot,  so. 
Tho  Whoatstonc's  bridge  conneotions  are  diown 
in  Fig.  5,  whore  Bi  and  are  tho  ratio  colls, 
r,,  r,,  r|,  &c.,  are  tho  multiple  eoils  for  tlie 
bndgewire.  Bis  the  operating  battery,  ci  are  the 
oompenmting  leads,  fl  are  the  pyrometer  leads, 
s,,  s_,.  and  arc  wheels  engaging  the  thread 
for  operating  the  sliding  contact,  ow  ia  the 
galvanometer  wire. 

While  reqtiirin;^  an  external  battery,  plati- 
num liiermometers  ate  iudopcndeut  of  applied 
voltage,  provided   tlie  enrrent  through  the 

Elatinum  wire  is  not  large  enough  to  seriously 
e^it  the  coil.  It  i»  often  a  problem  in  com- 
mercial instiumenta  to  itbtain  senHitivencss 
with  minimum  current  heating.  No  satis* 
factory  metal  has  been  found  to  replace  platimun 
for  hluh  t<  iiiperaturos,  and  hence  the  fire  ends 
are  more  expeuaivo  thin  the  usual  thermo- 
electric pyrometer. 

Optical  pyromdtrfi.  For  the  measurement 
of  very  high  temperatures  the  only  siUisfuctory 
pyrometera  so  far  devised  are  the  optieal 
pyrometers.  Tlioy  are  of  two  olaaaes :  those 
that  depend  on  colour  estimation,  finch  as  in 
illu.strated  most  widely  in  indu.'-li  ial  uni  k  hy 
the  Wanner,  and  those  that  depend  on  the 
measurement  of  the  total  radiation,  such  as  the 
Firy  pyrometer. 

Optical  instruments  «»»■  n.ininr;  rapidly  into 
ffOllwal  use,  and  extend  in  i m^r  from  a  l«iw  red 
neat  up  t"  the  highe.-it  attainable  tonifHTuf ure. 
'I'hcir  great  iidvantiige  li<'.s  it»  the  faet  that  they 
are  used  entirely  outside  tho  furnace,  anfl  henee 
suffer  no  deterioration  by  tho  cxcessivo  heat, 
as  do  all  other  pyrometers. 

Tn  (inhr  to  obtain  the  temperature  nf  a 
radiating  body  it  is  neeessary  to  realisM)  that  the 
radiation  depends  not  only  upon  the  temperature, 
but  hImo  upon  til''  I  tiiixsive  ])i)Wrr  uf  the  radiatint( 
body.  Of  all  In^ilu  -  the  radial  inn  and  ivbijiap- 
tion  of  a  black  Ixxly  is  tin-  Niniph-Nt  possible,  and 
is  taken  as  tho  stindird.  For  each 
temperature  and  wave  Icu-'th  H  emits 
the  maximum  possifilc  auKaint  nf  radia- 
tion, and  it  absorbii  all  the  incident 
oni^rRv.  For 


opening  represents  most  perfectly  the  conditions 
of  a  perfect  black  body.    In  such  *  Mack  bixly 

ra<liafii>n  '  it  was  .sliown  l»\  Stefan,  and  proved 
theoretically  by  l^ltzmann,  that  the  total 
radiant  energy  was  proportional  to  the  fourth 
power  of  the  abHcilute  temperatuveb  off 

where  Ej^  is  fbe  energy  corresponding  to  the 
wave  length  A,  and  the  integration  includes  all 
wave  lengths,  and  a  is  a  constant.  It  was  shown 
by  Wien  that  there  was  a  mazimnm  wave  length 
corresponding  to  each  tem)»  ral  me,  and  that 
the  wave  lengths  including  tiie  maximum  were 
dispUeed  towards  the  visible  region  with  rising 
temperatTirc  aoootdiiig  (o  a  simpie  law  known  as 
Wieu's  law — 

A«iiMiT— Ci« 

whore  C,  is  a  constant. 

Wien  also  showi  d  tliat  the  energy  corre»iK»nd« 
ing  with  the  maximum  wave  length  was  pro- 
portional to  the  fifth  power  of  the  absolute 
temperature,  or  F,,.,, A  —  M'here  is  a 
c(mstant.  The  most  conifilelie  general  equation 
connecting  tha  energy  of  any  particidar  wave 
length  with  the  wave  length  ami  temperature 
has  been  ipven  by  Plank— 

e^'-l 

Wien  also  gives  one*  i.e. — 
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praetieal  pur- 
pose h  a  u  u  i  ■ 
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which  corrwiponds  to  shorter  wave  lengths  in 
the  TiaLblo  r^ioa.  From  this  formiila  we  uu^y 
•write— 

log  E=Ki-f-K,  * 

where  K,  and  K,  are  constants,  which  givee  a 
linear  relat  ion  hot  ween  t  he  energy  corre.sjMtncling 
to  any  particular  wave  leogtli  aad  the  absolute 
temperatme, 

'I'lie  simplicity  of  this  relation  is  the  ba.ni.s  for 
calibration  of  pyrometers  nmldng  usi^  ui  tho 
TAiiation  of  the  inteniHiy  of  some  particular 
wave  length,  usnally  a  narrow  strip  in  tho  red, 
With  temperature.  iJet^rmiuations  at  two  t«m- 
pevaturM  ace  amfBoieiit  to  oalibimto  sooh  a 
pyrometer. 

Inasmuch  as  all  bodies  do  not  radSate  as  a 
block  body,  an  optieiil  ])yr<)incter,  calihrated 
from  obaervaiioos  made  on  a  black  body,  does 
not  read  eorrBotljr  when  estimating  the  tem> 
peraturo  of  all  Ixxlies.  The  error  is  not  serious, 
however,  for  thu  rtwuion  that  most  bodies  aw 
viewed  from  tho  int«rior  of  a  furnace  whose  sides 
art?  u'?iiji!ly  uniform  in  temperature  with  that 
of  tho  Ixidy.  in  such  cases  the  bodies  do  not 
deviate  to  anj  appmdaMb  extent  from  that  of 
a  black  body. 

Polished  platinum  departs  from  a  Uaek  body 
as  much  as  almost  any  substanee.    At  ]500''('. 
the  intensity  of  the  light  emitted  by  tiiis  sub- 
vtanoe  is  only  equal  to  that  emitted  by  a  black 
ho.ly  ;vt  HT."  C.  Hence,  when  viewed  in  tho  open 
bv  an  optical  pyrometer  measuriog  the  inteiusity 
ol  the  red  raya,  it  would  appear  to  be  1376°C., 
when  it  was  really  at  tho  higher  temperature. 
ThiB  is  cxpresiied  by  naytng  that  its  '  black 
body'  temperature  is  1375^0.    When  tl)is  is 
viewed  from  tho  interior  of  a  furnace  at  1500°C., 
polished  platinum  reflects  the  equivtdent  amount 
of  the  light  which  it  fails  to  emit  at  that  tem- 
perature as  a  black  body,  and  in  consequonoe  its 
temperature  is  measured  oorreotly.    Iron  fortu- 
nately departs  to  a  smaller  extent  from  a  blaek 
body,  and  an  error  of  ouly  30  C.  at  lOOU^C,  is 
nmde  Inr  viewing  iron  in  tho  open.    For  many 
years  close  estimates  have  been  made  by  ex- 
perienced observers  of  tho  temperature  of  a 
furnace  by  the  eve.   The  enormous  incrca.se  in 
the  intensity  of  light  with  rise  in  temperature 
has  made  this  possible.    Thus  if 
the  intensKv  of  the  red  light  emitted 
by  a  body  at  lOOO^'C.  be  1,  then  the 
intensity  at  1500°  will  he  180  timee 
as  great  and  at  2000''  over  21,000 
times  as  great.    At  about  727°C.  tho 
intensi^  of  the  light  increases  25 
timM  as  fast  as  th»^  temperature. 
Wluie  trained  workmt^u  havo  gained 
Rreat  facility  in  e-stimating  tempera- 
tures, oMfing  to  this  fact,  no  aoonrate 
gauging  of  the  temperature  of  a 
furnace^  oan  Im>  made  in  this  way. 
The  oyo  is  too  much  influenced  by 
surroonding  light  and  the  state  of 
health,  to  be  rolled  on  for  nniform 
results. 

Becquerel,  in  1862,  was  the  fint  to 

use  tho  photometric  measurement  of 
the  intensity  of  light  a.s  the  basis  lur  a  Byatem  of 
pyromrtry.  Ho  compared  the  rod  light  omitted 
by  a  glowing  body  with  that  from  a  standard 
lamp.  The  mMsaremont  conosted  in  adjusting 
Vol,  IV.— a*. 


the  light  from  the  fdniaee  entering  the  pyrometer 

until  it  was  equal  in  intensity  with  that  from  a 
standard  light.  Tliis  is  done  in  tho  well-known 
optiQal  pyrometer  devised  by  Le  Cbatelier 
(Compt.  rend.  1892.  114,  214,  470)  by  moans 
of  an  iris  diapliragru.  The  rotation  of  the 
diaphragm  to  reduce  or  inoreaae  the  light  from 
tlio  furnace  gives  the  necessary  seale  for  esti- 
mating; the  temperature.  In  tlie  \\anner 
p>Tometer  fPhys.  Zeit.  1!)02,  3,  112;  Iron  Age, 
1U04,  18,  24)  a  polahiiin;:;  devise  is  used  for  the 
same  purpose.  In  tho  pyromete»  of  Holbom 
(Ann.  Physik.  1903,  10,  225)  in  Germany,  and 
Morse  (Am.  Machinist,  1803)  in  America,  the 


adjustable  scale  is  supplied  not  by  varying  tho 
light  from  the  furnace,  but  by  varying  the 
lirllliancy  ot  tho  ele^  frif^  c<U)ipari.son  lamp. 
The  lilameut  of  the  glow  lamp  is  placed  in  tho 
field  of  view  of  the  orifice  of  thie  furnace,  and  the 
eleotrio  current  is  adjusted  until  the  glowing 
filament  disappears.  An  ammeter  a  in  series 
with  tho  lamp  and  rheostat  L  supplies  tlie  scale 
for  computing  tho  temperature  («ee  ITig.  6).  In 
aU  these  inatmmeDta  caUbnitioii  at  two  tempo* 
ratures  ia  aoffioieiit  in  aooordaaoe  with  the  law 
of  Wion. 

A  very  compact  form  of  the  Wanner  optical 

pyrometer  for  lower  temperatures  has  been 
du  vised,  and  is  sold  by  Townsoa  and  Mer- 
cer. This  extends  in  scale  from  ^SU^C.  to 
1000'*C  Tiie  ordinary  form  of  Wanner  e.xt«nds 
from  000°C.  to  4000°C.,  smoked  glass  being  used 
for  tomperatun  s  above,  2(Mi(i '.  For  the  stan- 
dardisation of  a  pyromotor  tho  amyl  acetate 
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lamp,  as  iu  phutometry,  is  employed.  J'lu) 
comparison  lamp  of  tho  pyrometer  is  adjustetl 
to  read  correetly  when  the  pyromet<T  is  set  to 
view   tho  amyl   acetate   fiamc.  Pyromctciii 
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which  are  based  on  Slefan's  law  of  total  radia- 
tioo  have  been  devisod  by  ¥6ry.   The  beet- 
known  is  his  tlicrmoelectnc  tele- 
scope.   In  tUo  older  type  of  in- 
strument the  rays  from  a  furnace 
are  focuBsed  by  a  fluorite  or  large 
glass   leni»    through    a  cuiustant 
aperture  on  to  a  small  copper* 
coostuitaa  thermoelectiio  couple. 
The  viae  in  tempemtwre  of  the 
couple  is  indicat<'<l  by  a  galvano- 
metcdr  or  miUivoltmeter  in  the  usual 
wmy.  The  industrial  form  of  in-  C 
efniment  was  supplied  with  a  large 
giaaa  lens  in  order  to  offset  the 
large   absorptive  power   of  glass 
for  long  heat  rays.   Tho  instrument 
is  independent  of  disUuco  provided 
the  entire  surface  of  the  thermo- 
oonple  is  covered     the  image  fd 
the  fnmaoe  radiatHio.    la  ofder 
to  be  sure  of  this,  a  focussing 
arrangement  is  supplied  so  that  by 
adjusting  the  lens  the  image  may  be  seen  to) 
cover  the  surf  u  o  of  the  jimctinn.    Thn  modern 
instruments  as  now  supped  by  the  Cambridge 
Bcicntifio  InBtntment  Ckmtpany  are  without 
the  lens  ;  n  roncavc  mirror  at  the  back  of  the  | 
telescope  tube  fucui^scs   the  mya  upon  the  | 
thcrmojunction  {«c<  Fig.  7).    This  is  much  more  - 
accurate,  and  avoids  the  seleotiTe  absorption  of 
the  glaaa.   In  range  the  instmntent  is  supplied 
to  rc^id  from  MO'  to  1  lOO^C.  000^  to  1400°C.,  or 
800  tu  1  TOO^'C. ;  but  it  may  be  applied  to  higher 
temperatures  by  using  suitaUe  glass  absorbing 
screens. 

A  recording'  instrument  may  be  attached  to 
the  thermocouple  similar  in  design  to  those  i 
Hupplied  for  thermoelectric  p^Tometcr!'.  Tl>is 
in  the  only  optica]  pyrometer  arrangtxl  with 
»  continuous  reooioing  device.    A  limiiler' 


radiation  j^^Tumetcr  hax  been  devised  by 
Ffiiy,  end  is  similar  in  design  to  the  theraM>< 


Fio.  8. 

eleotrio  telescope.  The  radiation  is.  how- 
ever, foeTis><i'(l  on  to  n  .«mall  himctrtllic  .^pinU 
inst<iad  of  the  thcrmojunction  («ee  Fig«.  il  and 
8).    A  pointer,  P,  attached  to  the  spiral  9 


moves  over  a  scdk^  D,  celibnted  directly  in 
degrees.  A  focussing  arrangement,  r,  is  necessary 
to  ensure  the  oompkte  covering  of  the  spiral  by 
the  image.  Iliua  the  iaatnimeat  is  rendered 
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in<Iependeiit  of  distanrr.  The  s^piral  i«  very 
small,  measuring  only  3  mm.  in  diameter  and 
2  mm.  wide.  This*  pyrometer  is  made  in  three 
ratiycs  com-pondiiiL'  to  thost-  of  the  thermo- 


aecnrttr  an  instrument  es  the  thermodeotric 

telchcojic. 

There  are  a  number  of  optical  pyrometers 
met  with  whicli  nn- of  mon-  or  less  local  import- 


electric  telocopc,  but  it  in  nut  regarded  as  so  >  ancc,  but  they  are  ali  baaed  on  the  iundaiucutal 
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principks  srt  forth  in  the  descriptiou  of 
the  forms  alrea4Lly  diflcussetl.  Thu3  the  F6ry 
Rbsorptinn  p.vrometer(Fig8. 10  and  11)  is  similar 
in   principle  to  the  Ix'  ("hatclior  photometric 

})^\TX>mcter.  except  in  place  of  the  iris  diaphragm 
or  diminishing  tho  light  from  the  furnace  two 
abBorbin'i  claj^H  Mwlfres  c  nnd  Cj  an  U&etl.  The 
iilipptng  of  the  wedges  over  one  another  gives  a 


Fio,  II. 

sliding  scale  of  an  ahsorhing  medium  for  reducing 
the  light  and  estimating  the  teraperatme. 

In  Mesuro  and  Nom  I's  pyruiiiotric  telescope 
the  light  is  polarised  by  pawning  through  a 
NichoPs  prism.  The  light  is  then  passed 
thrtjugh  a  quartz  plate  cut  so  ns  to  cause 
a  rotation  of  the  plane  of  polarisation.  A 
eecond  Ni<-hol  serves  as  analyser.  The  field  of 
view  is  coloured  because  the  rotaticHi  is  inversely 
nroportional  to  the  square  of  the  ivave  length. 
]*hi-  angle  lift  ween  the  two  Nichols  deterinines 
the  colour  that  will  bo  seen.  A  lemon-yellow 
oolour  is  taicen  as  being  the  moetsensitiTe  hue 
to  the  eye.  A  change  in  temp<Tnture  causes 
a  ehange  in  tho  composition  of  the  incident 
light,  and  henoe  a  change  in  the  colour.  By 
s<^tting  to  the  sensitive  hue  a  scale  of  tem- 
peratures may  l>e  established. 

Of  the  large  number  of  p}Tometers  now 
ofiraed  for  industrial  work  there  are  certain 
distinct  usee  for  the  yarious  classes  into  nrhich 
Wf  have  divided  the  present  discussion.  The 
selection  of  such  an  instrument  must  l>v  left 
to  the  judgment  and  disposition  of  the  man 
in  charge  of  the  work.  Nearly  all  pyromctf  r- 
give  trustworthy  results  when  caret u II \'  and 
intelligently  U8e<i,  and  the  be.st  pyrntn*t<  rs 
are  useless  in  careless  and  ignorant  hands.  So 
mnoh  is  saved  by  economic  furnace  operation 
that  too  much  care  cannot  Iw  taken  in  the 
aeleotion  of  a  suitable  p)Tumetcr,  but  it  must 
be  understood  that  a  pyrometer  alone  will  not 
serve  without  tho  brsins  to  operate  and  the 
judgment  to  interpret. 

BSii*cgraphv.—LB  Chatelier's  IWf-U  Tem- 
perature Meastirement.s,  translnted  l>y  Burgess 
and  published  bv  Wdey  and  iSons,  New  York ; 
A.  Humboldt  dextoo's  I^el  and  Refractory 


Materials,  Van  Nostrand  and  Co.:  ('.  W. 
Waidner's  Methods  of  Pyrometry ;  Waiducr 
and  Burgese*  Optical  Pyrometry ;  A.  L.  Day 
and  E.  E.  van  Nostrand's  Measurement  of 
Extreme  Temperatures  ;  the  report  of  the  1,'om- 
mittee  of  the  Iron  and  Steel  Institute  on  Pjto- 
moters  suitable  for  Metallurgical  work ;  and 
many  other  papers.  H.  T.  B. 

PYROMORPHITE.  A  miiu-ral  consisting  of 
lead  chloro-phosphate  (PbC'l)Pb4(P04),  or 
3Pb,(P04),PbCl,,  crystallising  in  the  hexagonal 
system  and  isfjmorphous  with  apatite.  It  is 
occasionally  found  in  sufhcient  quantity  to  be 
mined  as  an  ore  of  lead  (Pb  76-3  p.c).  The  lead 
may  hv  in  part  isomorphously  replaced  l»y  cal- 
cium, as  in  the  varieties  iwlysphaerite,  mit'sitc, 
ice. ;  and  arsenic  may  take  tho  i^aco  of  phos- 
phorus, thus  forming  a  gradual  passage  into  the 
chloro-arsenate  or  mimetite.  The  two  minerals 
pyromorphite  and  numetite  are  very  similar 
in  appearance,  and  were  formerly  included 
togetMT  under  the  old  names  *  gnen  leadmie  * 
and  '  bromi  load-ore '  (Gcr.  (Jrunbleier*  and 
Itraunbleierz).  The  name  p^Toniorphite  has 
reference  to  the  fact  that  fused  globidcs  of  the 
mineral  on  soli<litieation  become  boinided  by  a 
number  of  nnnute  facet*.  The  mineral  usually 
occurs  crystallisetl ;  tho  hexagonal  prisms  are 
often  somewhat  rounded  and  eonfuse<lly  aggre- 
gated. The  oolour  is  usually  yellow,  broun,  or 
green,  and  the  lustre  reainoua.  Hardness  8|-4 ; 
sp.gr.  6-6-7-J. 

Pyromorphite  is  a  mineral  of  seoondary 
origin,  and  is  found,  often  in  association  with 
cerussite,  in  the  upper  oxidiseil  regions  of 
veins  of  lead  ore.  It  has  been  obtained  in 
nian^-  l<ad  mines,  perhaps  most  abundantly  in 
the  Enedrichssegen  mine,  near  Ems  in  Nassau, 
where  in  1868  a  crj'stallised  mass  measuring 
4x3x1  metres  was  found.  Large  quantities 
have  also  been  yielded  by  the  old  mines  of 
Huelgoat  and  Poidlanuen  in  Brittany.  It  is 
common  at  Broken  Hill  iu  Haw  {South  Wales 
and  at  Broken  Hill  in  North- Western  Rhodesia. 

I>.  .T.  S. 

PYRONE  DYESTUFFS.  This  name  has  Ijcen 
applied  to  certain  members  of  tha  ihodamine 

series     {v.     TBIPHMNyLMXTHAHS  OOLOUBIKO 

MATTKR.S). 

PYRONINE  COLOURING  MA1TBB8.  The 

pyronines  contain  the  pyronine  ring 


and  are  derivatives  of  iliphenyi  nut  banc.  They 
are  obtained  by  condensing  <liaik>'l>m-amino- 
phcnols  with  aliphatic  aldeliydt  or  acids,  and 
are  bluish-red,  fluorescent.  i>asic  (l\<  stuffs. 
Tliev  arc  dyetlon  cotton  monlanted  witii  tannin 
and  antimony  and  ou  silk  in  a  neutral  soap  bath. 
Pyronine  G 

^^/\^N(CH,),a 


(CH,).N 


cn 


/ 


is  prepare<l  by  condensing  dimethyl-m-amino- 
phenol  with  formaldehyde,  whereby  dihydroxy- 
tetramethyldiaroinodiphenylmethane 

(CH,),N|^OH     HOf^  N(CH,), 
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in  profluc(  (I  :  by  treatment  with  sulphuric  acid 
thitf  loKcs  water  forming  totramotbyidiaminodi- 
phmjlmetlwne  oxide 

which  on  ozidatkm  fniniahee  the  dywtnff.  It 

forms  ^'noni>!i  crystals  M.InMf  in  water  or 
alcohui  willi  a  n-d  colour  and  yellow  tluoriscence, 
And  dyeii  a  brilliant  bluish-rcd  shade  (Eng.  Pats. 
Sfl7rJ  and  13217  of  1889;  18606  of  1891; 
D.  R.  PP.  54190,  58955,  69003,  63081; 
Amer.  Pat.  115684;  Fr.  Pat.  200401). 

Pyronlne  B  ia  *  digbtly  hhier  dvestotf.  which 
in  prepared  in  ft  mmuftr  muinar  rrom  diethyl- 

AoidilM  red  3  B  is  obtained  by  oxidising 
pyronine  O ;  it  dyes  in  ahftdes  slightly  yeUo%ver 
than  those  given  bv  p3Tonuie  {lout,  Pftt.  1231 

of  1892;  T).  R.  P.  65282). 

LUeraturt. — Sre  also  Biohringer  (R*'r.  1894, 
'11.  -Vim  ■  .T.  yr.  Chem.  1896,  [ii.]  54,  217).  V. 

ii    iHKNVI.MKTITAXB  COLOUBINO  MATTEBa. 

J.  a  a 

PYROPE  V.  Gaexbt. 

PTROPHAniTis.    A  nuuigtuieae  titanate 

MtiTiO,,  fituiid  by  H;un]>orj^  embedded  in  caJcite 
occurdog  in  the  Harstig  mine,  Pujsberg,  Swoden. 
GrysU^  belong  to  the  rhombohedral-hex^onal 
system.  nn<l  arr»  isomnrphous  with  titanic  iron 
uro  Foi'iOj ;  brilliant  metallio  lustre  and  deep 
red  tint ;  powder,  yellow  wiUi  alight  tinge  of 
green  ;  sp.gr.  4-537. 

PYROPHORUS  (from  the  Gk.  nip,  liie  ;  and 
^pw,  I  bear)  i.-^  a  word  which  denotes  in  its 
iridest  sense  any  subetanoo  capable  of  taking 
fire  8po«tan«K>wuy  or  on  very  sb^ht  elevation 
of  tempor.it  lire,  a!i  in  the  case  with  phosphorus, 
phospborcttod  hydrogen,  cacodvl,  kc.    If  iron, 
oohalt,  or  niolcd  be  reduced  by  hydrogen  from 
thf^ir  oxides  at  a  low  rod  heat,  the  iiictTi 
oliUiiied  in  such  a  hne  state  of  division  m  to 
become  incandescent  by  the  ozidiaing  action  of 
the  atmo.sphere ;  this  rapid  oxidation  is  facili- 
tated by  the  interposition  of  some  infusible 
material,  as  alumina  or  magnesia,  between  the 
particles  of  oxide.    When  lead  tartrate  is  heat^nl 
m  a  plass  tnbe,  the  lead  is  left  in  a  very  fine 
state  iif  illvi-ioii.  sr)  (liaf  if  the  (ii1>e  he  her- 
metically sejilod,  then  alloueti  to  cool,  thr  Hnelv- 
divided  particles  of  lead  will  take  lire  imntcdiate^y 
on  rf  irniTig  in  contact  with  the  air  when  the  tulx; 
is  opt  awl.     The  reason  of  this  is  that  the 
ratio  of  the  .surface  exposed,  when  in  a  fine 
state  of  division,  to  the  mass  to  be  heated  is 
HO  great  that  the  oxidation  of  the  exposed 
surface  is  KufTici*  iit  tn  luring  the  mass  to  in- 
candescence.  The    sulphides    of  potassium, 
sodium,  and  lithium,  obtained  by  ifntiting  the 
corresponding  sulphntcs  with  Iani]  lin  k  in  a 
covered  crucible,  are  left  iu  a  tint  ly-divided 
state,  mixed  with  oharooal,  and  bum  »\io\\- 
tnnroiHly    on    exposure    tt»    air.  Honiberg's 
pviitplmrous  is  obtained  by  heating  alum  with 
la  i:      I  '  Ix.  t.irch.  or  llour. 
1     PYROPHYLLITB.  Hydrated  aluminium  sili- 
^cate,  HjAljSi /:),«,  oeeurring  either  an  pearly 
folia  or  a«  eompiet  masset*.    In  it-  Ii  w  ili  i/ree 
of  hardness  (H.=»l-2),  Bp.gr.  of  2- 8-2  9,  greasy 
feel,  and  ftcneial  appearance  it  is  strikingly 
similar  to  ^e  two  oocxeeponding  varieties  of  tbs 


mim ml  talc  {q.v.,  hydratcd  magiu^ium  silicalo 
HuMgjSifOit),  and,  furthermore,  it  has  the  fcaiuo 
practical  applications*  In  the  foliated  variety, 
Qsoally  of  a  pale  green  colour,  the  folia  possess 
a  perfect  cleavage  and  pronounced  pearly  lustre, 
and  they  are  arrangetl  in  charactirislic  fan-like 
or  spborical  groups.  The  compact  variety, 
usuaUv  of  a  greyish  or  reddish  colour,  is  in- 
cluded with  otht  r  minerals  of  sinular  appearance 
imder  the  general  term  ajjalniatolito  (q.v.). 
Compact  pyroph^vUite  sometimes  forms  large 
bed.H,  arifl  is  quarrie<l  fur  slate  pencils  and  tailors* 
chalk  ('  French  chalk  and  by  the  Ckiiiefcu  for 
small  decorative  carvings.  In  the  Deep  River 
^gion,  in  Moore  and  Qbatbam  Counties,  North 
Carolina,  it  forms  a  bed  in  slaty  rooks  with  a 
maximum  thickjuss  of  r>t)0  foot  and  oxtcnding 
for  a  distance  of  upwards  of  6  miles.  Largo  de- 
posits of  a  similar  eharaoter  are  also  known  in 
iSduth  Carolina  and  (Jeorfria.  On  the  talc  ntid 
pyropliyllitt'  dciKJtjit^  ol  IS'orlli  Lkirolina,  ttce 
J.  H.  Pratt  (N.  C.  Ge<d.  Survey,  Econ.  paper  No. 
3,  IIKX)),  who  piv(s  the  following  analysis:  I., 
yellowish-white,  liaky  pyrophylfite  ;  H.,  apple- 
green  pyrophyllite  (also  traces  ofCaOyligOpJ^^O 
in  Ixjth  analyses) — 

SiO,  '  AI.Oj  FeO  KsjO  HiO  Total 
T.  lil-53  29-40  0-67  0-28  545  10033 
11.    t^-60   28-73   0-^4   037   6-85  99-29 

Ilk  J»  8 

PYRORACEMIC  ACID  t.  PtbdTIO  MXSOK 

PYRORETIN  f.  Resess. 

PTBOSIIIB  «.  TuraKNYuntaAKS  coloub* 

INO  VATTT!'-; 

PYROTARTARiC  ACiD,  and  o-  and  B-iso- 
PYROTARTARIC  ACIDS  v.  iJLUTARic  acid. 

PYROTECHNY.  The  <r<  f  making  fire- 
works. Although  former!  \  i  j  l  i  d  to  the  smelt* 
in'.:  and  rouslin^  of  metallic  ores,  and  to  otlicr 
metallurgical  processes  involving  the  use  of  tire, 
the  term  *pyroteolmy*  has  become  narrowea 
dnwn  in  mndcni  time^  sn  to  ineludc  only  those 
etfecis  of  tiro  that  arc  produced  uiaiuly  for  scenic 
displays.  That  mixtures  of  certain  .<$ubstanee«<. 
some  of  them  more  Irss  faniiliar,  when  ignited 
were  capable  of  producing  bniliaiil  and  startling 
elfecta  was  kno\m  to  the  early  ancients.  The 
art  of  preparing  such  mixturee»  and  of  manipu- 
lating  their  mode  of  oombustion,  had  arrived  at  a 
conMilcralilr  «!>  ^ri  (  lif  ix  rfection  hmg  U'fore  the 
true  nature  of  even  the  iximmonest  of  the 
materials  was  known,  and  before  the  true 
princijilcs  underlying  their  use  were  in  the  least 
underHtood.  For  these  reasons  it  is  that  the 
art  of  pvTotechny,  more  pr-rliajis  than  any  other 
art  carried  on  at  the  present  day,  is  OOnductod 
so  largely  by  '  rule  of  thumb.' 

Pyn)ii  I  lni\  i-;  said  to  have  had  it«  origin  in 
I  the  East,  tirework  displays  being  weJi  known  in 
I  China  for  many  centuries  prior  to  their  introdue- 
tion  into  Europe,  and  (wn  to  this  day  the 
Uhinese  and  Japanese  excel  m  the  production  of 
certain  fireworks  of  great  beauty.   In  Europe 
'  p\Tfitcchny  was  tirst  practised  by  the  Florcnlinos. 
townrils  the  i.n<l  of  the  thirteenth  century,  at  the 
I  I  uiio  that  the  knowle<lge  of  gunpowder  IxTgan  to 
I  b«.'  diUused  among  the  Western  peoples  ;  from 
Italy  the  art  spread  to  France,  and  thence  to 
England  and  Germany. 

Pyroteclmy  is  essentially  a  '  iiandicraft ' ; 
I  that  is  to  sa^.  it  is  one  of  the  very  few  rsmainins 
1  arts  which  ia  still  carried  on  entirely  by  faano. 
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and  which  has  not  boon  invmlcd  and  revoln- 
tio!iij>c(l  by  tho  introduction  of  modem  machi- 
nt'ry.  Even  in  the  largest  factory  hi  thi& 
country  macliinery  is  only  employed  for  wood- 
workiiu.  pADor-ouUing,  and  siaiiikir  operatioDi^ 
mad  not  in  the  MStnftl  ni*king  of  the  fiie«i>r]Bi. 

Nolwilh.staiidin;^  the  great  variety  of  effects 
produced  by  tho  many  difleront  kinds  of  fbre- 
wotka,  they  all  have  certain  fuiK  la  mental  esscn- 
tiala   in   common.     All  fireworks  contain  a 
combustible  substance,  and  a  supporter  of 
combustion*   The  oombustible,  or  tho  fuel,  may  I 
be  cither  one  or  more  of  a  great  variety  of  sub- 1 
stances,  such  m  Bulphttr,  carbon,  shellac,  resin,^ 
pitch,    starch,    siii;ar.    lycopodiuni,  various' 
(Horatca,  particulaxly  the  potassium  and  ammo-  j 
ttinm  aalte ;  various  sulphides,  as  thoae  of  iron, 
antimony,  arscni- :    v  iT  inus  metals,  as  iron,  j 
antimony,  unc,  copper,  uiaguesium»  and  aia> 
ntininni* 

Tho  supporters  of  oombustinn  arr  mainly 
certain  oxygcu  saltii,  such  ciilurulesj  and 
nitrates,  which  arc  readily  able  to  give  up  their 
supply  of  oiy^/m  to  the  oombnstible  bodies. 
The  pyroteohnut  seldom  snpplieB  the  fnel  with 
a  sufficient  amount  of  the  oxypon  salt  to  bring 
about  the  oompleto  combtistion  of  tho  former. 
Tho  object  of  the  fireworic>maker  is  not  to  dis- 
charge into  the  air  the  completely  oxidised 
produotti  uf  coiubustion,  but  rather  to  throw  out 
•  certain  quantity  of  material  which  is  in  a 
condition  to  enter  into  active  combination  with 
tho  oxygen  of  the  air  and  to  carry  on  its  com- 
bustion at  tlic  oxpcnsc  of  this  outside  supply  of 
oxygen,  many  ot  the  combustible  sabetanoea 
thus  emitted  being  among  the  nodtiotB  of  the 
coniplt-x  clicndcal  reactiona  imioh  an  going  : 
f  o  r  ward  at  tho  ti  me.  i 

IliO  exact  nature  of  the  chemical  changes  j 
which  accompany  tho  burning;  of  a  firework  are  | 
little  known.   The  various  mixturfs,  tluTtfore,  i 
which  are  usod  to  produce  c<  rtain  n  sulis  have,  j 
in  most  caaea,  lieea  airived  at,  not  by  processcK  i 
of  scicntifie  reasoning,  but  by  pvtrely  empirical ' 
rules.    Although  the  art  of  pyrotcchiiy  is  re-  i 
garded  as  a  ohenuoal  one,  it  embraces  many 
meehanical  considerations  and  details  which  are 
of  no  le»<:s  inipirfanre  to  the  production  of 
scenic  dlnplays  than  those  which  are  more 
diatinedy  muaioti. 

For  convrntonce  thiO  sabj^ot  may  bo  snb- 
<lividcd  as  follows : 

1.  Pk«paration  of  mixtures. 

2.  Manufacture  of  cases. 

3.  ixMkdiug  of  cases. 

4.  Various  aooeseories,   as  quick-match, 
tonoh-paper,  leaders^  port-fires. 

1.  The  mixtures  used  in  pyrotcohny  arc 
called  compositions  or  fuses,  and  their  prepara- 
tion n  cjuiros  some  CJirc  In  tins  hnuich  of  the 
work  a  knowledge  uf  chemistry  in  of  the  greatest 
importance  to  the  pyrotechnist,  in  order  that  he 
ni.iv  not  oidy  i^rt  thr>  b<'-t  re^-ults  out  of  his 
materiaiM,  butalsolliatheiuavavMid  tlu  diingers 
which  attend  tho  uho  of  tlir  liii^ldy  explo.-lve 
combinations  he  has  to  deal  with.  Many  mix- 
tures also  are  liable  to  underg<j  chemical  deeom- 
poKition,  so  that  they  can  only  Ijc  employi  d 
when  the  firework  is  to  be  used  within  a  short 
time  of  its  mannfaetorc  Other  mixtures  arc 
liable  to  mors  rapid  apontaneous  dooompositioi^  | 


resulting'  in  the  ignition  and  exploaioii  of  tho 

niateriais. 

Jn  former  days  most  mixtures  were  moro 
complex,  containing  more  ingrcdicnt-s  than  thoKu 
used  at  the  present  time ;  partioolarly  is  this 
the  ease  witb  mixtures  for  oobured  efleets. 

This  is  doubt!(  drjc  cliit-ny  to  the  great ir 
purity  of  modem  chemicals,  for  it  is  well  known 
that  a  strontium  salt,  for  example,  which  con- 
tains any  quantity  of  a  sodium  salt  with  it  will 
have  tho  crimsott  colour  it  imparts  to  a  tlnmo 
moro  or  loss  oomplctely  masked  by  the  yellow 
of  tho  sodium.  Jn  fact,  the  purity  of  the  sub- 
stances used  is  a  point  of  the  highest  imi>or- 
tance. 

The  staple  materials  empbyed  in  a  great 
number  of  ruses  are  potassibm  nitrate  (known 

as  *  petre  *),  sulphur,  charcoal  ('coal  *).  and  meal 
powder  (*  meal The  addition  of  cither  '  ^xare  ' 
or  '  meal  *  to  a  fuse  has  tho  effect  of  making  it 
quicker,  whilst  the  addition  of  sulphur  slaekenw 
it ;  eg.  quick-match  uiadt)  from  meal,  G  parts  ; 
sulphur,  1  part,  bums  with  the  greatest  violence  ; 
whilst  that  made  from  meal,  1  part,  and  sol^ur, 
1  part,  win  scarcely  bum  at  alL 

The  nitre  used  is  always  in  the  for  in  f 
meal.  The  sulphur  should  be  cmshed  luinp  in 
preference  to  Howeni ;  in  either  case  it  muht  be 
carefully  washed  free  from  nrid  and  dried. 
Most  manufacturers  avoid  the  use  of  'chemical 
charcoal,*  as  it  is  termetl — i.r.  charcoal  which 
has  been  made  by  distillation  in  retortii  for  the 
manufacture  of  pyroligneous  acid.  The  weighed 
materials  are  ttuo^n  upon  a  table,  rolled  dowti 
with  a  wooden  roller  exact  ly  resembling  a  cook's 
rolling-pin,  and  thoroughly  mixed  by  being 
sifted  to>;etlier  through  sieve^--.  Every  p>Totech- 
nist  has  his  own  particular  formuls,  which  are 
usually  kept  more  or  less  as  trade  secrets ;  the 
variety  of  mixfiires  uhich  arc  iifpd  for  the  '*nmf'» 
firework  will  be  M^^ea  from  the  toliowing  m- 
stanoes: — 

RocttU, 


Sulphur  . 
Cbarcoal 
Nitre  . 


811242484  1::  11 
27  2  2  12  8  4  7  11  5  17  2  4 
3<l  4  4  2U  16    9  10  32  10  50    i»  8 

•  21  1  S  


Roman  candles. 


Sulphur 
Charcoal  . 
Nitre   .  . 
Meal  ponder 


1  2 

2  3 
4  2 

8  a 


3 
4 


3 
3 
8 
S 


3 
1 
4 
6 


4     4  7 

13  8 

6     8  21 

4    8  IS 


jTotti^jBotts. 


Sulphur   .    .  . 
Nitre  .... 
Charcoal  . 
Meal  powder 
steal  fllinn  .  . 
on  Dodavi 


Csst-imnl 


183784424 
4  14    5  10   8  17  17    4  8 

2  H  8  4  S  4  &  

1  8US4  1S  4  0 
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It  is  in  the  prcfMiration  of  mixtnrcs  tor 

colour  eflfectrt  that  the  ]Mirit.\  of  the  chemii  d 
is  of  the  greatest  importance.  Colouml  stars 
for  shcll.<i,  Roman  candles,  rockets,  ko.,  consist 
of  small  comparted  ma.sses  of  eoiii|K>.sition  ; 
tliey  are  called  '  cut '  or  '  naked  '  stars,  and 
'pill-box'  stars,  acoonling  to  the  method  of 
their  manufacture.  '  Nakecl  '  stars  are  niiidc  by 
moistening  the  composition  with  a  nolution  of 
t  jtlirr  mnii.       line,  nr  slareh,  .'spread in;.'  it 

out  upon  a  slab  wtth  a  spatula,  sod  marking  the 
surface  by  cross  pamlleUines  inio  small  sqaarcs. 
When  nearly  dry,  it  is  broken  up  by  tho  marks , 
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and  exposed  until  dry.  The  rough  edges  obtained 
by  thi»  method  enable  the  star  to  ignite  xeadiljir. 
Stan  made  in  this  way  must  ooniam  nitre  as 

thi-  ux\  L'di  Biipply.  and  nnt  potaH.-iiiiin  clilorato  ; 
fur  although  chlorate  mixtures  bum  more 
fiercely,  they  are  more  difficult  to  ignite. 

The  following  formuiro  nro  for  constraotiDg 
'  naked '  stars,  known  as  *  comet '  or  *  tailed  ' 


5 

24 

2 

1 

2 

6 

24 

9 

10 

20 

2 

8 

2 

3 

« 

12 

1 

3 

3 

6 

8 

30 

6 

16 

5 

7 

Sulphur  . 

Nitre  . 
Charcoal 

V'ctri'taljle  black 
Mtal  powder 

'  Piii-box '  stars  are  made  by  compressing  the 
dry  composition  into  abort  eyUndcsa  of  paper, 
and  inclosing  a  piece  of  quicK>match  for  tln  ir 
ignition.  These  all  contain  chlorates,  a^  w  jil  be 
seen  by  the  formulc  i^howii  in  next  column. 

The  use  of  copper  chlurat«>  is  practically  in- 
admissible, on  account  ut  its  dcliq^ueticcnce,  em 

veil  as  its  danger.  Tba  vsU-knotm  salwtitute  i 


Potassium  chlorate 
Calomel    .  . 
Sugar 

Copper  sulplilde 
Stearin 

Oxychloride  of  copper 
Ammonium  chlorl 
(^'Pix  r  fUlngs 

Sulplnir 

Copper  oxide 


Blue  stars 
wltb  sugar 


Blue  stars 
nitlioot  sugar 
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Vi- 


(obtained  by  diaeolvinc  copper  sulphate  and  po- 
tassium chlorate  together  in  water,  evaporating 
to  dryness,  moistening  with  ammonia  and  agaitt 
(Irving),  called  Chertier'.s  cupj-K-r.  nltliouu'h  yirid- 
iug  excellent  blues,  is  practically  abandoned  by 
manu^toren  on  account  of  its  liability  to 

rxjOofln. 

Tlie  following  formula  niay  be  used  for  red, 
green,  and  yellow  staxs :— 


Orwn 

Yellow 

Potassium  clilorate        .  , 

ir» 

S 

IG 

10 

s 

1 

6 

8 

4 

12 

4 

Snlphur        .        .        ,  . 

o 

G 

r, 

7 

I 

1 

1 

(Jbarooal  .... 

1 

1 

1 

1 

Calomel  .... 

ShcUfic  .... 

1 

•> 

— 

2 

1 

3 

Sugar          ,       .       ,  . 

7 

12 

■~ 

5 

Strontlnm  nitrate .  . 

16 

16 

Slroiitiuni  carbonate 

11 

r. 

Barium  nitrate 

10 

21 

I 

Barium  chlorate  .  . 

3 

2 

* 

-1 

3 

2 

8 

1 

(floured  mixtures  aro  tiuuietitnes  made  up 
>vith  magnesium  filings,  to  produce  specially 
brilliant  stars  and  a«t**roid8.  These  vary  only 
slightly  fniiu  the  above  formulae,  withtheaddition 
of  magnesium  filings ;  one  illustration  of  each 
for  recU  green,  blue,  yellow,  and  white  may  be 
quotad*   For  other  coloured  fires,  see  Bekqal 


itod 

Oreen 

Blue 

Yellow 

Wliite 

Fotasnum  4>hIontte 

2 

6 

4 

Sulphur  , 

2 

1 

2 

4 

Charcoal      .  . 

1 

Shellac      '  , 

7 

1 

1 

Calomel 

o 

Magnesium  niin<!8  . 

o 

2 

2 

I 

O 

Strontium  nitrate  . 

8 

Barium  chlorate  . 

Copper  oxychloride 

2 

Sodium  oxalate 

2 

Potassium  nitrate  . 

12 

Antimony  sulphide 

1 

Of  late  years  the  metal  aluminium  in  fim 
powder  is  iaiqgely  used  either  in  conjunction  with  . 
maf^nesium  or  as  a  substitute  for  it  in  the  above  ' 
mixtures.    »Sumt>  of  t lit  so  aluminium  mixtures 
have  bceu  made  the  subject  of  patents,  whilst , 
many  others  are  more  or  less  trade  secrets.  Thus  j 


powdered  magnesium  or  aluminium  (or  mixtures 
of  these  metals  in  varying  proportions)  mixed 
UTth  the  pcni\'i<l('s  of  lalciuin,  ina;;nps-iHni,  or 
manganese,  ulung  with  u,  huiubk*  quantity  of 
strontium  nitrate,  gives  a  very  brilliant  and 
rapid  red  fire.  An  explosive  mixture  known  as 
'  Brockite.'  patented  and  manufactured  by 
Me8.sr«.  Brock,  consiHts  essentially  of  barium 
chlorate  and  aluminium  powder.  Tliis  mixture 
enters  largely  into  the  oomposition  of  many 
fireworks  fnun  Hhells  down  to  the  simple  cracker. 
Modeom  smokeless  gunpowder,  gunootton,  and 
other  high  explosives  are  not  employed  in 
p^Toteehny. 

2.  The  manujaciurt  oj  cases.  Mi  cases  arc 
made  of  paper,  and  the  seleotion  of  the  paper  is 
a  |K>int  of  some  importance.  The  paper  varies 
in  quality  and  stoutness,  according  to  the  par- 
ticular kind  of  firework  to  !»  iiiaae  and  to  the 
amount  of  strain  which  will  be  put  upon  the 
case.  In  some  instances  the  material  of  the 
]uper  influences  th*-  chariutcr  of  the  (lisjilay 
produced  by  a  particular  liiework.  For  examph", 
the  Japanese  '  spur  fire,'  which  on  burning 
tilr<.>^v.s  -<  iiit  ilint  inns  of  a  jjeculiar  beaut  v.  o^vrs 
this  (|uainy  ji.irtly  to  the  .niK-cial  paper  ot  which 
(lii  <  :i><'  i-  made,  for  if  the  same  mixture  to 
introduced  into  a  case  made  of  another  paper  it 
will  be  found  have  lost  to  a  large  extent  the 
proivrty  of  throwing  l  ut  ilu'so  charactcri-t hj 
scintillations.  Most  of  the  papers  used  are  of  a 
superior  quality,  as  it  is  found  that  greater 
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strength  can  he  olitainod  by  the  use  of  ft  smaller 
quaatity  ol  flood  paper  thau  by  employ iug  more 
off  4NMI  of  flufarimr  quality;  paper  which  is 
*  lottiiad*  or  adult ern ted  cannot  used.  The 
nmiofiliy  of  OMoti  are  made  of  brown  paper, 
altaoogb  some,  and  more  especially  the  smuler 
Horts,  as  crackers,  Catherine  wheels,  Ac,  arc 
always  made  of  white  cartridge.  In  a  largo 
factory  several  scores  of  different  papers  will  be 
used.  The  paper  is  out  to  the  vanoos  sixes 
required  by  cutting  msohinery,  and  into  certain 
spi^K^ial  irregidiir  shapf'3  by  dies. 

Owing  to  the  great  variety  in  size  required, 
the  esses  are  all  made  by  hand,  and,  but  for 
•^liitht  variations,  in  the  same  manner.  Tlir 
tools  employed  are  of  the  very  simplest  (it>rriiv 
iion,  consisting  of  i  wooden  or  metal  roller 
oaUed  the  '  former,'  and  a  short  wooden  board 


eriinlition,  viz.  that  the  clioko  shall  be  central. 
The  case  is  tied  round  the  ohoko  vith  a  striitg 
suitable  in  thickness  to  the  sj«e  case,  and  the 

lrtlol(>  is  then  allowed  to  dry. 

VV  heu  the  ooustriction  is  cffectctl  by  means 


3=€: 


with  a  handle  on  one  side,  known  as  the 

'  nulling  board.'  For  the  larger  cases  the  paper 
is  pasted  over  its  whole  surfaoe,  and  rolled 
roond  the  'former,'  the  operation  being  done 
on  a  narrow  slate  table.  The  rolling  board  is 
then  passed  rapidly  over  it  a  few  times  with  a 
firm  steady  pressure  (Fig.  1). 

The  former  is  then  withdrawn,  and  the  case 
stood  on  end  until  it  is  so  far  dry  that  it  can  bo 
laid  on  its  side  without  risk  of  its  losing  its 
o;^uidiioal  shape.  It  is  then  stacked  in  a 
bm  in  a  ehamber  throngh  ^Hiioh  a  current  of 
warm  air  is  circulating,  in  order  to  render  it 
perfectly  dry.  In  many  fireworks  the  oases  have 
to  be  partially  oloeed,  or  oonsteioted  near  to  one 
end.  This  is  technically  known  as  '  choking.' 
It  may  bo  efiocted  in  two  ways,  either  by  com- 
prcssing  the  walls  of  the  case  to  the  desired 
extent,  or  by  partially  tilling  the  mouth  of  the 
ease  with  clay.  When  the  firnt  of  thrse  plans  is 
adopted,  the  operation  is  performed  when  the 
case  is  freshly  made,  and  only  partially  dry. 
"For  small  fireworks  it  is  done  by  means  of  a 
hand  Icvjt,  made  of  two  blades  of  steel,  and 
screwed  to  the  edge  of  the  table  (Fig.  2). 


of  a  olay  plug,  the  operation  is  performed  at  the 

time  of  loading. 

For  small  cases  the  pajM-r  is  {)asle<i  only 
along  the  edges  :  the  former,  in  this  instance  a 
thick  metal  win-,  is  placed  nearly  in  the  middle 
of  the  paper.  I )no  end  is  then  folded  over  nearly 
to  the  other,  and  the  double  paper  foiled  over 
the  former  (Fig.  4). 

The  case  may  be  closed  at  one  end  by  folding 
the  j)rj{-KT  in  upm  tlie  t'lid  of  the  former.  Thesje 
cases  reauire  no  special  drying.  Light  caseSt 
sndk  as  tneaet  are  usually  made  bj  womsn,  oaa 
operator  being  aUe  to  turn  out  many  hmdieds 
m  an  hour. 

Besides  cylindrical  cases,  there  are  cases 
nia<le  in  the  form  of  a  sphere,  known  as  '  shells.' 
These  shells,  which  are  constructed  of  various 
sizes,  up  to  even  24  ins.  in  diameter,  are  ma<le 
by  a  nrooess  teohnioally  kno\\'n  as  the  *  wet* 
broke  ^  proossa.  Brown  pajK^r  of  a  specially 
good  quality  is  tborongnly  pasted  on  both 
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For  larger  cases  a  foot  lever  is  employetl.  A 
nooflo  of  cord  is  looped  round  the  case,  one  end 
being  fastened  to  a  hook  in  a  wall,  or  upright  j 
post,  while  the  other  passes  over  a  wheel  to  a 
lever  upon  the  floor,  which  can  be  worked  by 
the  foot.    As  the  cases  have  to  be  choked  down 
to  a  certain  definite  orifice,  a  *  choking-pin ' , 
(Fig.  3)  is  inserled  at  the  time  the  constriotitm  is  ' 
bemg  made,  wbkih  also  secures  another  essential  i 
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sides :  strips  are  then  torn  from  the  pasted 
length,  and  laid  upon  the  inside  of  a  hemi« 
spherical  bowl  or  mould,  the  strips  radiating 
upwards  from  the  centre  to  the  circumference, 
the  ends  lapping  over  the  edge  of  the  mould ; 
the  workman  eontinma  this  process  nntU  the 
desired  tbicknt  ss  <»f  paper  is  obtained,  which 
will  vary  accordmg 
to  tlu-  size  of  the 
shell  from  about  \ 
to  1  in.  It  is  then 
removed  from  the 
mould  and  allowed 
to  dry,  when  it  pre- 
sents the  apix-ar- 
anceshownin  Fig.  5. 
These  hemispheres 
aro  then  placed  in 
a  lathe,  and  the 

raned  lips  or  rims  oaiefully  turned  off.  A  good 
workman  will  so  turn  out  these  paper  hemi* 
spheres  that  the  cut  edge  shows  a  most  beautiful 
and  perfectly  homogeneous  section.  Two  of  the.su 
hemispheres  aro  securely  glued  together  to  form 
the  complete  shell.  These  shells  are  destined  to 
cany  ooloured  stars,  and  to  be  fired  from  a 
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mort  ar  ;  the  mould  in  which  they  am  made  hns 
therofurt-  a  slightly  raised  ridge  runrung  part  of 
the  way  doMm  from  the  circumference,  and  pro- 
duoing  a  coiresiwnding  indentation,  or  'dimple' 
in  the  shell,  which  allows  of  room  between  the 
Hhell  and  the  wide  of  the  mortar  for  commiini. 
eating  the  tire  to  the  propelling  chaige  below. 

3.  Loading  the  earn*.  This  operation  varies 
in  (letnils  according  to  the  special  fin  work  to  be 
lilied,  but,  broadlj  speaking,  it  may  be  divided 
into  two  seotions,  vii.  looee-filling  and 
The  apparatus  employcfl  in  the  first  of  these 
methods  is  a  metal  luunel,  of  an  elongatctl 
shape,  and  a  «irc,  the  operation  being  knoun  an 
'  wire  and  funnel '  Ming.  The  wire  is  usuallv 
»quan,  and  of  snoh  a  tluolmess  that  it  will  juMt 
pass  through  the  end  of  the  funnel.  The  ca.se 
to  be  tilled,  if  a  choked  case,  is  placed  upon  a 
stand  with  its  choired  end  fitted  upon  a  nipple 
tixed  for  its  reception  ;  the  nose  of  tlie  ftnuu  l  is 
then  insi  rted  into  the  open  end  of  the  case,  and 
by  drawing  the  wire  quickly  up  and  down  the 
composition  is  driven  uniformly  into  the  case. 
When  foil  to  the  required  hei^jht,  usually  deter- 
mined by  a  mark  upon  the  wire,  the' case  is 
closed  up.  With  small  lireworks  (such  as  squibs, 
ftc.)  this  Is  done  by  firmly  squeezing  the  end  of 
the  eri'-e  witli  a  t<inl  knnwii  as  Kic  '  dosing-in  * 
maelune,  and  linally  dippuig  the  end  into  a  com- 
position, usually  red  In  ooloor,  and  teehnieally 
called  *  dip.' 

Glue  and  red  load  is  the  most  common 
mixture  for  '  tlip.' 

I«ng  narrow  oases  (sttoh  as  are  used  for 
crackers  and  OBtherme  wbeehi)  are  fillc<l  without 
the  use  of  a  stand.     For  the  la.^1 -nuiiK  il  of  these 
lirewurka  no  Hp<'cial  tools  are  required,  the  long 
narrow  tube  being  wound  by  hand  upon  a  emaU 
wooden  di.sc,  and  secured  by  strips  of  tape  or 
pajxr  glued  acrosa.      In  the  nianiifacture  of 
crackers  two  special  pieces  of  ap|>aratus  are  em- 
ployed. The  first  i.s  a  rolling  or  Hatting  machine. 
The  filled  cases  are  passed  between  the  rollers 
of  this  tool,  and  thereby  squeezed  Hat.  the  pres- 
sure being  oarofuliy  regulated  to  the  required 
degree.   The  other  tool  is  the  bmding  machine,  i 
It  consists  of  two  U|>riL.'ht   n  (  tanfidar   I'ra-s  | 
pillars  fasteninl  to  a  base  nt  8uch  a  ilistance  apart  j 
as  to  allow  of  four  of  the  flattened  oases  to  lie 
abreast  betn-een  them  {l<\i:.  6).    The  cases  are  ' 
bent  backward  and  forwanl  over  ^f.-el  wires  i 
about  the  thickness  of  a  stout  steel  knitting- 
needle,  until  the  requisite  number  of  bends  is 
obtained ;  they  are  then  pressed  firmly  down 
with  a  piece  of  wood,  and  removed  from  the 
machine.   The  wires  drop  out,  and  are  ready 
for  the  next  set  of  cssee. 

The  Ixint  cases  are  then  titd  uj)  infn  the 
familiar  compact  form  with  a  suitable  thread, 
and  the  ends  primed  in  the  lunal  way  with 
touch-paper. 

Of  the  second  method  of  loading  cases,  in 
which  thr  coni]M)sition  is  rammed  in.  two  illus- 
tratioiifl  may  be  given,  \iz.  the  Roman  candle, 
in  which  the  mixture  is  gently  rammed,  and  the 
rocket,  in  which  it  is  '  raalleted.*  The  case 
for  a  Koman  candh-  is  a  straight  or  unchoked  i 
"lie.  It  is  phMwd  uiK>n  a  block,  called  a  '  settle,* 
the  projectmg  core  of  which  a  (Fig.  7)  exactly 
fits  into  the  case. 

A  small  quantity  fiiMlv.]>owdered  and 
sifted  oUy  is  first  introduced,  and  tightly  driven 


down  by  means  of  the  '  rammer,'  a  wooden  rf>d, 
wiiich  loosely  tits  into  the  case,  A  few  smart 
blows  from  a  mallet  upon  the  hesd  of  the 

rammer  will  compress  the  day  into  a  solid  mass, 
which  should  occupy  about  J  an  iuch  up  the 


case.   Fine  potters'  clay  is  nsusUy  rcoom- 

nieiiih  d.  h\\{  Txjndon  )nTotechnists  use  the 
common  Ixjndon  clay.  The  use  of  plaster  of 
Paris  instead  of  clay  has  been  intntclnoed  by 
the  Americans,  and  is  said  to  be  much  superior. 
The  plaster  is  nnxed  with  a  little  water  until  of 
about  the  consistency  of  soft  putty ;  a  pellet 
is  moulded  with  the  fingers,  dropped  into  the 
case,  and  gently  pressed  by  the  rammer.  The 
case  is  next  to  be  filled  with  com}x)sition,  and 
coloureil  stats,  alternating.  Each  layer  of 
mixture  is  introduced  in  two  qtmntities,  and 
rammed  down  by  simply  'jtmiping'  the 
rammer.    If  more  force  is  applied  the  stars 
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are  liable  to  be  cru-.hcd.  Care  is  taken  to  regu- 
late the  charge  of  mi.xturc.  so  that  each  star  shall, 
as  far  as  possible,  bo  blown  out  to  the  same 
distenoe.  Varions  devices  are  adopted  to  secure 
the  ignition  of  the  star,  lo  prevent  it  btcominp  a 
'  blind  star,'  as  it  is  termed,  one  bcins  to  make 
the  stars  with  a  hole  in  them,  which  is  primed 
with  a  piece  of  quick-match. 

Rockets  are  loaded  by  the  mixture  beititr 
forcibly  rammed  into  thecaae  by  a  m.iHef.  jin<l 
as  this  firework  is  in  some  respects  of  a  special 
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rnnslnictfuTi.  in  Mhicli  tlw  exact  relation  tif  nil 
tite  parta  to  tmo  ouoUier  has  to  be  made  with 
mwh  nicety,  ite  MMwtntotion  may  be  dutcribed  at 
'jrmitrr  lonj:rh.  The  rock.  t  is  a  lioll(>\v  firowork. 
and  ihci-^  Jore  has  to  1><-  (nuiHtiuuUtl  with  Hpecml 
tools.  ( \  er  y  s  itiaii  rockets  ait*  of  ten  packed  solid, 
and  a  hoh'  lx)rfd  up  tho  inside  with  a  cnnimon 
rfrill.)  Thf4io  consist  of  a  steel  conical  spimilf,  or 
core,  firmly  screwwl  into  a  bai*o  of  either  hard 
wood  or  brasij,  the  length  «nd  thickneog  of  this 
spindle  varying  for  each  tiw  rocket,  a  set  of 
'vnndt  ii  raninicrs,  or  '  drifts,'  <»f  ditTi  n  nt  Il'^^th^•. 
and  having  a  cylindnoal  hole  bored  nearly  up  to 
Uh"  head.  The  number  of  drifts  reqtured  for 
each  r<<i  kft  dejiendH  also  upon  the  ^i^c  ;  for 
larger  cases  fciur  are  used.  Jornierly  a  •  mould  ' 
ma  employed  ;  this  waa  a  strong  wooden  jaeket, 
to  surround  the  case  du'rinir  Ihi  loading  opera- 
tion, to  prevent  il  from  splitluig  ;  but  tlii-s  is 
ni'ver  employed  by  tho  manufacturer  to-day, 
owing  to  improvements  in  the  case-making,  re- 
miltiiig  partly  from  the  UKe  of  better  paper.  The 
rnvo  to  hf  cliarLM'd  is  pl;u-cd  u})on  tlu-  npiiidlf. 
which  mu.st  be  stood  upon  a  maaidro  wooden  or 
stone  block  to  prevent  vibmtkm.  It  would  be 
quiti-  itniKis-Jible,  for  instance,  to  loa<l  a  rocket 
tight  <\  if  hammered  on  a  woodui  table  or  ^oor. 
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If  the  oase  has  been  proviouiily  choked  by 

constriction  a  raninifr  (ti-rhnicafly  caHrd  the 
'  «ct  ting -down  piece')  is  mtroduceci,  and  driven 
down  with  a  few  sharp  taps  with  a  mallet:  this 
ia  to  smooth  out  any  wrinkli  m  in  the  choke*! 
••nd.    This  •  setting-down  uiecc*  A   (Fig.  8) 
resembles  the  longest  'drilt'  in  alt  respects 
uCMpt  that  the  end  of  the  latter  is  cut  square, 
m  shown  at  b.  Fig.  8.    To  prevent  the  choke 
from  becoming  enlarged  l)y  being  burnt  away 
»  fioall  quantity  ot  clay'  is  introduced^  and : 
wrti  *mslleted'^  in  with  the  longest  drift,  I 
the  clay  nccnpying  fht?  spavo  shitwn  at  cc, 
9.     Except  in  the  case  of  tho  largest 
rockets,  most  manufacturers  prefer  to  use  a  | 
atriii^dit  cast  ,  imd  choke  it  at  the  time  of  loading 
by  nuiiiam;^'  ni  a  layer  of  clay,  straight  ca-so.s 
l»ing  <  ;i.sif  r  and  cheaper  to  make  than  choked 
opes ;  with  large  rockets,  however,  there  is  some 
»i»kof  the  clay  choke  being  blown  out.    Fig.  9, 
Jrawn  to  j-cali'.  .shows  such  a  case,  with  tho 
clay  choko  and  spindle.   The  c<>ni{)osition  is 
intVDdnoed  into  the  case  in  12  equal  quantities, ' 
measured  by  a  scoop  ru  i  Ii-  to  IimM  tJn-  *  xact 
amount.    Each  scoop! ul  us  mallet i>d  well  iu, 
'be  workman  being  careful  to  give  the  same  ' 
number  of  Mnw«-  usually  18  to  2i> — and  '  f  as 
tW'arU'  equal  f(*rc<"      he  can  ju«ig«'.    An  tlie  load 
rii«es  in  the  (  isf  ft  shorter  '  drift.'  with  a  smalh-r 
l«r^  is  used.    The  length  of  the  longest  tirift.  ] 
which  must  be  fK»re<l  large  enough  to  admit  tho 
''pit.dlc  at  r.  will  }>(■  8  times  the  dia meter  of  tho  i 
«ae ,  excluiii vc  of  ita  head.  V\'  hen  t  h  o  c( » m  po  s  i  t  i<  m 
flashes  ono-tbird  up  the  spindle  y  ( Fig.  it),  which 


is  knoMii  l»ya  ninrkonthc  drift,  tho  second  drift 
is  brought  into  u«e ;  the  ramming  is  conttnued 
witih  No.  2  until  the  load  reaches  z  ( Fig.  9),  again 
ascertained  by  a  mark  on  the  second  drift.  Ttu) 
third  drift  loads  up  to  the  top  of  the  spiudle. 
when  the  hollow  tirifts  are  replaced  by  a  solid 
one,  0  (Fig.  8).  The  drifts  diminish  in  length 
by  2  diameters  ut  the  case,  the  three  hollow  ones 
being  respectively  8,  6,  4,  while  the  solid  one  is 
2  diameters,  the  '  setting-down '  pieoe  being  the 
same  length  as  the  longest  drift,  but  with  a 

round  end.  The  ca^e  is  filled  to  within  al-oiit  1 
diameter  of  the  top,  and  then  a  layer  of  clay  is 
driven  down.  The  case  is  removed  from  the 
spindle  bv  a  trentle  fwis-t  or  turn  in  onedirfetion 
only.  The  noinenclature  atlopted  by  the 
manufacturers  to  denote  various  sizes  in  rocket* 
is  t  he  old-fashione<l  and  arbitrary  one  of  *  }K)unds* 
and  '  ounces  '—these  weights  referring  not  to 
tho  weight  of  the  rocket,  but  to  tho  weight  of  a 
leaden  ball  of  the  same  diameter  as  the  mould 
formerly  used  for  loading.  As  every  maker 
varies  in  tlir  lliickiiess  df  hi-  ca.scJ',  this  coiim 
no  exact  criterion  of  the  real  size  of  the  rocket. 
By  general  conpent,  a  case  of  li-in.  bore  is 
called  ft  '  i>i>uiid  '  rocket,  and  a  ^-in.  ease  an 
'  ounce  '  UK  ki  t.  The  hdlowing  table  gives,  in  a 
convenient  form,  the  exact  sizes  of  the  varit>u« 
parts.  The  insi«le  diameter  is  given  in  eighths 
of  inches,  and  the  relation  which  .should  .subsist 
b<  t\\.  ( !i  this  measurement  and  that  of  thickness 
of  Iho  case,  length,  and  thickness  of  the  stick, 
will  be  seen  at  a  glance : — 
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The  stick  may  be  attached  to  the  rocket  by 
being  securely  tied  with  string  near  to  the  two 
ends  of  the  case.  Modem  manufacturers  usually 
bind  upon  the  rocket  case  a  smaller  case,  fust 
larL'e  eniiujli  l»)  admit  tlie  end  of  the  stick  when 
it  has  been  roughly  rounded.  Two  short  spikes 
are  driven  into  this  rounded  part  of  the  stick, 
which,  on  U-in^*  (hni'-t  np  into  the  case  and 
t  w  isted,  cause  it  lo  hold  vt  rv  secun-ly.  A  rocket 
when  laid  acro.sn  the  fintier  should  just  Imlanco 
when  the  ]x>int  of  su])|>ort  is  about  an  inch  along 
the  stick,  away  fn)ni  the  mouth  of  the  case. 

The  weiirht  of  coiiijKKsit it»n  requirecl  to  load 
a  rocket  may  bo  found  by  the  following  formula, 
where  dsslntcmal  diameter  of  case  in  eighths  of 
inches : — 

^^numlirrof  drachms. 
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e.g.    the  charpe  for  a  ?  (so-called  'pouod* 

locket)=  9~^1  clrachms=^5  oz-s.  1  dr. 

Rockets  are  always  made  to  carry  up  a  load 
of  Tarknis  oombtutibies ;  these  are  contained  in 

a  sli^dit  paper  tasc.  kiiown  n«  the  '  put.'  whitth 
is  glued  to  the  head  uf  tho  rocket.    This  pot  is 


to  be  buret,  and  its  ignited  oontents  thrown  out,  i 

at  tho  nionient  the  njcki  t  reaches  the  top  of  its 
flight,  and  before  it  haa  turued  over.  The  burst- ; 
in;,'  (if  the  pot  and  the  inflammation  of  its  j 
cDtitciits  arc  pociired  by  a  small  quantity  of 
powilrr.  known  as  *  bursting;  powder,'  tho  weight 
of  whieh  Ih  usually  alxmt  ^th  the  weight  of  the 
materials  in  tlir  \y>\.  This  '  fxarnitUfe  '  of  a 
rocket  may  coa.^i.>it  of  u  variety  of  things,  such 
as  gold  or  silver  rain,  coloured  stars,  magnesium 
ebu»,  parachutes,  whistling  fireworks.  Aw.  j 

Rockets  garnished  with  parachutes  are  oallecl  * 
'asteroid  roikets.'  The  jiinuhutc  is  made  of 
thin  alpaca,  Milk,  or  ti^auo  paoer.  The  latter 
has  to  oe  strengthened  by  a  tnread  of  cotton 
round  il-i  f<l^'i-,  niid  [\\v  paper  thoroughly 
aoftnifd  Ijv  u  jiroet-ss  of  erumpling,  to  insun 
the  paraehute  ujX'iiinK  when  thrown  out.  iSu.-4- 
pcndeil  by  threads  from  tho  parachute  m  thf 
ease,  loaded  with  coloured  coraixjsitions.  usually 
layers  of  different  mixtures,  so  that  tho  colour 
mayohanffo  as  the  parachute  sails  along.  i 

The  whistling  mework  consists  of  a  short ' 
jiajKT  case,  close<l  at  one  end,  and  eharj^ed  u  ith 
a  composition  coiuiistiug  of  pota>^8iuni  picrate 
3  part<8  and  nitre  2  parts,  or  the  picrate  15  parts  I 
mixed  with  a-phaltnm  1  pirt.  'Ph*'  ease  is  not 
chokuil.  nor  id  the  mouth  shaped  ;  hut  <.in  ii;ni- 
tion  the  oiitruslung  flames  and  pas  emit  a  .slirill 
weird  whistling  sound,  gradually  rising  in  a 
*  orescondu  '  to  a  maximum  loudness  and  then 
fnlling  with  a  rapid  diminuenflo.  Usually  five  of 
these  are  loaded  into  a  '  pot '  to  garnish  a  rocket. 

The  weight  of  the  load  wliich  a  rocket  can 
nafely  be  niide  to  rarry  is  the  same  as  thiit  of 
the  compoKition  with  which  it  is  iillud ;  thus  a 
t  (*  pound  *)  rocket  can  bo  made  to  carry  up  a  ' 
toad  of  6  ozs.  1  dr.  t 


Of  all  the  materials  which  can  ho  used  to 
garnish  rockets,  that  which  proilueea  by  far  tho 
most  brill iajit  effect  for  the  weight  and  cost  is 
phosphorus ;  but  the  extreme  danger  at  tending 
the  manipulation  of  this  substanoe  h  a  s  [  > re  vented 
its  u.se  by  pyroterhiii- ts  to  any  extent.  Patents 
have  been  taken  from  time  to  time  with  a  view 
to  diminish  or  overcome  this  difficulty.  Ono  of 
these  consists  in  packing  the  phosphorus,  cut  in 
short  sticks  of  about  1  in.,  into  a  perforated 
paper  cage,  which  has  Ix^en  previously  dipped  in 
melted  paraffin  wax.  The  cage,  with  its  load,  is 
immersed  in  a  tin  can  of  water  until  require<l. 
When  the  rocket  is  ready  to  bo  Hred,  one  of 
these  paper  cages  is  taken,  the  excess  of  water 
dratnra  off,  and  the  cage  introdueed  into  the 
rocket  por.  info  which  it  just  fits.  On  the 
bottom  of  the  pot  a  laver  of  bursting  powder  had 
previously  been  placed,  and  ooverea  over  with  a 
thin  piece  of  waterpnjofed  pftI.<T. 

Wlien  thephosi>horus  i-^  introduced  the  cono 
is  fitted  in  and  the  rocket  tired. 

4.  Touch-paptr  is  made  by  impregnating  a 
thin  paper — by  general  con.sent,  blue — with 
{Kitassium  nitrate.  The  pa|»er  commonly  em- 
ployed is  12-lb.  double  crown.  The  sheets  are 
spread  ovt  and  hrashedoveron  one  side  only  with 
a  .solution  of  nitre,  containing  I  oz.  of  the  salt 
to  a  pint  of  water.  The  paper  is  \isvd  for 
enveloping  tho  lire  end  of  fireworks. 

Sloi'-./iuttrh  is  prepan^d  by  soaking  blotting 
paper  in  a  solution  of  load  nitrate.  Blotting 
paper  is  brushed  on  both  sides  with  a  sohition 
containing  2|  oz.  of  the  nitrate  to  a  pint  of 
water.  When  dry  six  layers  of  the  pajier  are 
pa-tcd  totretlier  and  prtsse<l  flat,  forming,  when 
again  dried,  a  stiff  board.  This  is  then  cut  into 
suitat>Ie  strips  with  a  sharp  knife. 

Quick-match  is  made  by  inipreLrnaliiiL:  i  i  t  Ion 
with  a  mixture  of  startih  paste  and  meal  powder. 
Meal  powder  is  stirred  into  hot  thin  starch  ]iasto 
until  it  ha-^  the  consistency  of  paint  anfl  is  quite 
smootii.  J^ampcotton,  with  «ix  or  eight  strands, 
is  then  coiled  into  tho  vessel  containing  tho 
*  meal  pasto/  tho  cotton  being  pressed  carefully 
down  with  a  wooden  stick  to  insure  its  being 
thoroULddy  .soaked.  It  is  tin  n  \sound  out  on  to 
w(x>den  frames,  usually  about  6  feet  high  and 
2^  feet  ^iHde ;  these  frames  are  provided  with 
pivots,  so  that  f  hey  ran  be  swini;:  upon  a  support. 
Tlie  tratae  is  turned  slowly  over  and  over  by  ono 
WLirkin.in.  while  a  second  feeils  out  the  cotton 
tlmniLdi  liis  hanil.  roundiiiL'  the  wet  thread  with 
his  lingers  as  it  passes.  The  frame  is  then  laid 
dowTi  and  meal  powder  sifted  first  on  ono  .side 
and  then  on  the  other;  the  cotton  is  then 
allowed  to  dry.  mieii  cnt  it  ovghfe  to  show  a 

perfectly  black  seoiioo.  Tt  is  preservtd  in  Iriit' 
boxes,  as  it  is  neoMBOiy  to  guard  it  from  getting 
cracked. 

Lfndrrn  consist  of  thin  paper  tubes,  through 
which  quick-match  is  threaded,  in  order  to  con- 
vey fire  rapidly  from  one  firework  to  another. 
Tho  tulx".s  have  to  \w  such  a  size  as  to  allow  the 
match  to  be  introducc<l  without  any  forcible 
pushing.  The  more  clo.sely  the  match  fits  th«» 
pipe  thu  more  rapid^r  does  the  combustion 
propagate  itself  through  the  length.  The  pty^ 
are  made  to  any  len;jth  b\— liirlitly  jMiichii tlie 
end  of  one  piece  and  pushing  it  into  the  next, 
the  join  being  bouiMl  over  with  a  slip  of  pastod 
paper.  They  can  be  made  to  take  various  angles 
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Bodcnniais ;  while  Linilstidm  n^rds 
88  n; presenting  the  commonest  type. 


by  cutting  amy  the  pftper  at  the  elbow  of  the  1  mehl  gives  Fe^Sg  an  tho  formula  for  the  varictv 
bend.  ,  * 

PmUjtre»  cKmsist  of  eaioB  about  10  or  13  i 

inches  loner,  made  very  thin,  UHually  three  or 
four  turtle  of  paper  only,  and  J  or  |-in.  bon*, 
filled  with  a  slow  burning  mixture— suoh  as 
nitre  6  ports,  sulphor  2,  meal  powder  I. 

One  or  two  teohnieal  applications  of  p^To- 
techny  otht  r  than  the  manufarturc  of  firpuftrloi 
for  spectacular  display  uwy  be  briefly  men- 
tioned. 

The  so-called  'drain  rocket'  i«  special ly 
made  to  emit  lar^o  volumes  of  smoke,  and  often 
a  powerful  stench,  and  is  used  to  detect  leaks 
and  stoppages  in  drains.    In  so  far  aa  it  <loc.<? 
not  trav*"!,  nut  is  stationary,  the  term  rocket  as 
applied  to  it  is  a  misnomer.    The  '  trawler's 
iUre '  in  a  oeeloi  firework  to  enable  fiahermen  to 
eee  the  floats  and  buoys  of  thefr  nets  by  night. ' 
It  consisLs  of  a  case  about  4  ins.  lonpr  and  1  in.  : 
diameter,  filled  with  a  fiaring  mixture,  and  ' 
attached  to  a  wooden  handle.   An  ingenious' 
device  is  adoptofl  to  ennblp  the  men  to  liglit  ' 
them  in  wimi  and  rain.    When  the  c&miA  tirti 
loaded  a  small  quantity  of  a  chlorate  of  potash 
mixture  is  sfM^ad  on  the  end :   this  is  then 
I>apered  over,  a  strip  of  tape  being  laid  under 
the  pajM'r  and  its  end  It-ft  projoctinc  as  a  little 
*  tab '  against  the  side  of  the  case.  Tho  handle  is 
bored  out.  and  into  the  bole  fits  a  little  irooden 
stopper  or  pin    t!ie  tip  of  which  ha*  been  coated 
with  red  phosphorus.    To  ignite  the  flare  the 
sailor  polls  the  tab  and  peels  off  the  paper  cover- 
ing, and  rubs  the  end  of  tho  wooden  stopper 
across  the  mouth  u£  the  firework,  \vheu  the 
mixture  is  inflamed. 

A  modified  form  of  rocket  is  used  as  a  means 
of  carrying  a  thin  line  to  rfups  in  distress  round  i 
the  coast,  formint;  a  part  of  what  is  kno\\Ti  as  j 
the  'roolcet  apparatus.'  These  rockets  are  a 
combination  of  two  roeketa  in  one  case,  one 
being  a  continuation  of  the  other,  so  that  when 
the  discharge  of  the  tirst  compartment  has 
carried  the  instrument  to  its  full  height  the 
Moond  is  ignited  and  gives  it  an  additional 
impetus,  thereby  greatly  increasing  its  range.  j 

Anothrr  valuahle  siuMial.  knowii  as  the  'sound  | 
and  flash  rocket  '  (patented  bv  Messrs.  Brock),  i 
carries  as  its  load  an  explosive  ahi minium  i 
mixtTire,  which,  as  the  name  implien,  explode." 
with  a  loud  di'tonatiun  and  a  dazzling  flash  of 

IIl;!,!'  il  "       •. -K-IJOHTS).  G.S.N. 

PYROXYLIC  SPIRIT  (crude  Metkf^  akohd)  i 

V.  Methyl  alcohol.  ' 

PYROXYLINE  v.  Fbotoqrafhy. 

PYRRUOTITE,    PyrrJkofitie,   or  Magnetic 
pyrite*.  ooenrs  oeoasionally  as  six-sided  crvi^tals,  \ 

belon'/ing  to  the  hexagonal  system  ;    but  is  , 
usually  founil  as  granular  ur  compact  masses  i 
with  a  platy  structure.    From  ordinary  pyrites 
it  is  distinguished  hy  its  colour,  which  is  bronze-  [ 
yellow  or  tombac- brown,  and  by  its  magnetic 
pVDperties.  which  are  sometimes  feeble  although 
in  rare  cases  the  mineral  exhibits  polarity.  It 
is  readily  scratched  by  the  knife  (haixlness  } 
3|-4^),  givin;r  a  t.'ri  \  i>h  stn  ak,  whence  it  may 
be  distiusruished  from  tho  much  harder  iron- 1 
pyrites,   op.gr.   4*5-4*6.   In   ehemieal  com-  • 
]Mi^ition  pvrrhotitc  comes  very  near  to  FeS 
(which  requires  03-0  Fe,  36-4  8):  hut  there  is 
always  a  s  ight  excess  of  sulphur,  generally 
suggesting  Fe^S^  (or  00-4  Fc,  30*0  S).    Haber- 1 


from 

According  to  Haninielsberg.  the  general  f 
may  bo  written  Fc^S,^,,  where  «  varies  from 
C-ll.  E.  T.  AUen  (J.  Washington  Acad.  Sei. 
1911,  1,  170)  explains  the  variation  in  com- 
position by  the  .so]id  solution  of  sulphur  in 
ferrous  sulphide,  gi  \ mg  the  fbnuula  <Fe8)S^  It 
is  notahle  that  nickel  is  very  commonly  jiresent 
in  magnetic  pyritea,  in  .some  cubv^  up  to  6  or  li 
p.c,  and  tho  mineral  is  often  worked  for  the 
sake  of  this  metal.  Cobalt  may  also  be  present. 
Tho  principal  looalitiee  are  Bodcnmais  in 
Bavaria;  Fahui.  Sweden  ;  Modum  ai»d  Koul'n- 
Ijcrg,  Norway ;  Sudbury,  Ontario ;  and  Morru 
Velno  in  Brazil.  A  sintilar,  if  not  identioRl, 
material  is  fotuid  in  most  meteorites :  this  is 
known  as  troiiite  (FeiSj.  F.  \V.  K. 

PYRROL-DBBIVATIVEB  and  .DY£8TUff8 
1%  Bone  oil. 

PYRBOLINE  r.  Bone  oil. 

FYBDVIO  ACID,  pf/roraccmic  acid 
CH.COCOjH. 
An  acid  for  axed  by  tlie  distillation  of  tartaric  acid 
and  of  cream  of  tartar  ;  also  formed  by  the  dis- 
tillation of  glyceric  acid  or  by  oxidising  lactic  acid 
by  means  of  potassium  permanganate ;  by  the 
l)hotnchemicaf  decomjxisition  of  laetie  acid 
(Cianassi,  BoJJ.  Chim.  Farm.  1900,  48,  785; 
Zentr.  Bloohem.  and  Bophys.  1911,  11,  378); 
by  the  eoniplete  h^-drolysis  of  protein  substances 
such  as  hair  (Morncr,  Zeitsch.  Physiol.  Clieni. 
1904, 42, 123) ;  by  the  oxidation  of  acetone  with 
permanganate  in  alkaline  solution  (Foumicr, 
Bull.  Soc.  Chim.  190S.  [lii.]  259),  or  with  20  p.c. 
hydrogen  peroxide  (Pastureau,  Compt.  reii<l. 
1906.  140. 1591);  and  bv  other  methods  (Bau- 
maun  and  Frenss,  Zeitech.  phvsiol.  Ohem.  1881, 
5,  .^22  ;  Saiidniever,  Ber.  lf^S*7,  20.  Gtl  :  (»tt(i. 
ibid.  Istl4,  27,  838,  i2W,  among.st  others).  It 
has  been  prepared  synthetioally  1^  the  action 
of  livdroehloric  aciti  on  awtyl  cvanide  (Claisen 
and  .Shad well,  i6iVf.  1878,  ll,"l5(ib).  Thus 

CH,COCl+KCN=CH,COC^+KCa 

CH.COCN  S  CfitOO-COiH 

this  being  a  general  method  for  tho  preparation 
of  ketonic  acids.  It  is,  ho\<-ever,  best  prepared 
by  distillintt  .'iCK)  grrns.  tartaric  acid  with  780 
grnis.  coiiiniernal  ]K)tassiun)  hydrogen  fiul])hatr 
in  a  copper  retort  lined  with  asbestos  and  water 
glass.  The  distillate,  which  is  collected  in  a  well 
cooled  neei\'er  prii\idt<l  with  an  upright  con- 
denser, iH  then  fructionatc<l  unfler reduced  pres- 
sure (Wohl  and  .Maa-.  il'ia.  mo,  43,  2188; 
j»ec  also  Erh  iunevcr,  I'ml.  IhM,  14.  320;  Simon, 
Bull.  Soc.  t  ium."lhli5,  [iii.l  i:i,  3^0). 

1'rajH.riifs.  Pyruvic  acid  is  a  liquid  h.p. 
59*-007l2  mra.,*IOoV7»iO  mm.  solidifies  at  a 
low  temperature-  sp.gr.  I '2649  at  25*,  l'288l  at 
4**;  readily  soluble  in  water,  alcohol,  <  r  c(Im  r. 
It  tends  to  polymerise  on  standm^'  (Woiif, 
Annalen,  1809,  SOS,  156.  It  combines  with 
nascent  hvdr<j;jfn  to  form  lactic  aeid  (Rock- 
well. J.  Aiiier.  Chem.  i^w.  1902,  24,  71U;  J  aJel 
and  Friedrichs,  Ber.  1U04.  37,  3W7). 

Pyruvic  aci<l  has  all  the  properties  i»f  u 
ketone,  yieUling  an  oxime,  hydnizone  (nKji.  1  U;i'), 
addition  jjnMluet  with  hydrf>yen  cyanide.  A-e. 

When  heated  alone  to  170^  or  with  acids  to 
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KHP-I/jO*.  carbon  iliuxiiln  i=i  evolved,  arul  a  ] 
variety  of  priKlucl*,  atv  formed  (lUnriut,  Bull. 
Soc.  chim.  1885,  43,  417;  ibid.  I88(i.  45,  81; 
Pertlrix.  ibid.  IIMK)  [iii.]  23.  (1J5  ;  'He  Jong.  Rcc. 
Irav.  chmi.  1901.  2<>,  81  ;  ibid.  i5H)2,  21.  1«>I  ; 
ihid.  1903,  22.  281  :  ibid.  1904,  23,  147).  With 
hydrogMi  peroxide  it  Sormn  aoetic  acid  and 
carbon  dioxide  (HoUemao,  ibid.  1904,  23,  169;. 
When  Uiilod  with  eoricentrntedao^^ttmhydfozioe 
it  yields  oxalic  acid. 

Pyruvic  acid  oombtnes' ivith  hydroearbons 
(Bottinger.  Ber.  1881,  14,  1595) ;  with  urea  and 
urelhanc  (-Simon,  t!ompt.  rend.  1901,  133,  535, 
687 ;  ibid.  1903.  13G,  500 ;  ihid.  1900,  142,  | 
790);  with  benzaldchydc  (Erlenmrver.  Ber. 
1901,  IH,  817);  phenols  (Bottinger,  ihid.  1883, 
10,  2071);  with  fiipjiuric  acid  (Erlenmeyer  and 
Arben?.,  Annolm,  1904^  337, 302),  and  with  other 
fiubstanoea. 

Tetds. — In  aiMifidii  to  thf  onlinary  ketonio 
tests,  1  c.c.  of  thu  acid  may  be  a«lde(l  to  an  equal 
bulk  of  ammonia  solution,  when  u  few  drops  of 
Nodium  nitroprossido  arc  added  a  violet- tihu- 
colour  is  formed,  which  becomes  more  and  moru 
;i;reenish  as  the  solution  is  diluted  ;  when  heated 
tho  colour  f:»«l«  -  slowly  to  an  or»n|fe-red,  and  on 
boiling  it  di  [■  .irs altogether.  The  only  other 
f-iihstaiier  which  gives  tlii.s  rtvifl  iuti  is  aci  tu- 
phouone.  which  can  bo  di.stinguished  from  it  by  . 
Lcigars  reaction  (Simon,  Compt.  rond.  1897, 120. 1 


634).  WTien  1  drop  of  pvTuvic  aejd  h  added  to 
10  drops  of  a  freshly  fovpared  solution  of  a-  or 
/3-naphthol  (0-02  grm.  to  OKkS  grm.)  in  ralphwrio 
acid  (1  c.c.)  of  sp.Lrr.  1-83.  ami  the  mixtTirp  is 
warmed  gently,  a  bright  red  colour  is  obtained 
witli  jBHiaphthol  in  tbe  oold,  and  an  inteniie  blue 
on  'warminff;  if  water  or  alcoht)!  is  added,  n 
fugitive  yellow  colour  is  produced.  Willi  a- 
naphthol  tlie  (  (dour  is  yeUow  in  the  cold,  intense 
orange  on  warming  and  the  oolour  lemaina  on 
addition  of  water  or  aloohol  (Alvares.  BoIL  Soc 
einni.  IWiT),  33.  7101.  All  fatty  amines  when 
a<)ded  to  a  uuxlure  of  pjTUvic  acid  and  «odium 
nitropnusido  produce  a  deejp  violet  colour, 
which,  on  atldition  of  acetic  acid,  tunia  Une,  KoA 
disamiears  rapidly  (Simon,  Lc) 

Fynn  ic  iietd  forms  a  nnmber  of  tmvtable 
saiti,  which  pass  into  gammy  nuunee  on  heating, 
bat  are  crystalline  in  the  cold  (VVolfF,  Lc.  Dc 
Jonp,  I.e.  1901,  20,  366).  It  also  f..riiis  esters, 
amide,  nitrilc,  imino,  aulpho  aud  halogen 
tlcrivatives. 

For  the  physiological  prop<^rti(\=?  of  pyrnvfr; 
aeid,«i¥.  I'ohl  (Arch.  Kxp.  lialh.  Pharm.  18i^i>,  37, 
422),  Momer  (Zeit«ch.  phvsiol.  Chem.  1004, 
42,  121).  Kmbden  and  ^mitc  (BioofaAin. 
Zeitsch.  1910,  29,  423). 

'i'lie  free  acid,  but  not  the  sodium  salt,  acts 
as  a  strong  poiaon  to  wheat  seeds  (Sclireiner  and 
Shoiegr,  J.  Aner.  ChMn.  Soe.  1908.  30, 1300). 


Q 

OUARTATIOH  v.  Assayino.  i  pceued  on  the  optical  propeiiiea  of  the  crystals, 

QUARTZ.  The  iiiost  abundaiif  of  minerals  I  which  aro  cirLuLirly  polarisinLr  in  the  liirection 
oomposmg  tho  earth's  crust,  and  one  which  j  of  the  principal  axis.  ^Vhcn  a  beam  of  plane- 
appears  in  a  greater  variety  of  forms  and  modes  I  polarised  light  traverses  a  qnarts  crystal  in 

of  Dcrnrrence  than  any  other  mineral.  It  is  '  a  direction  parallel  to  the  vertical  edges  <>f  tho 
unhjdioiLo  sihea  (SiOo)  crystaUi.sed  in  the  prism,  the  plane  of  polarisation  is  rotated  to 
rhombohedial  .■;\3tem,  the  tlegrec  of  symmetry  ,  the  rijzht  or  to  the  left,  accortling  t<»  M'hethertbe 
being  tliat  o£  the  trigonal- trapezohedra I  class.  I  crystal  is  a  right  handed  or  a  left-handed  one. 
Tho  orysfals,  which  are  oft^-n  beautifully  J  On  this  property  tiepends  the  use  of  quartz 
di  velojxd,  are  Usually  bounded  by  a  hexagonal  plates,  cut  ]K  r]>endi(  ular  to  the  prism  edges, 
prism  and  terminated  bv  a  six-sided  pyramid,  in  ])olarimctertt  antl  sacchari meters.  A  plate 
the  latter  beinfr  in  reality  a  combination  of  of  quarts  1  mm.  in  thickness  rotates  the  plane 
two  rhombohedra.  The  an^de  hefwet  n  tlu'  of  i)olarigation  of  •'odiiim  (D)  li<fht  through  22"* 
ncirmala  to  the  prism  and  ps  ramid  faces  is  ;ind  of  blue  (G)  light  through  43".  The  mineral 
38°  V.V  (»'.'.  tlie  aiiLdi-  of  slop*  of  the  p^Tamid  i«  optically  uniaxial  with  positive  double  re- 
is  51°  47');  and  the  rhomboh«  <1ral  angle  i.s  fract  ion  (rr^fraotive  indices  «n  quoted  below  in 
8.'>**  40',  so  that  when  only  one  rh(jMdM»he<lron    a  footnote). 

i.s  dev«dopo*l  the  crystals  have  the  apjtearance  Crystals  of  quartz  possess  no  distinct 
of  cubes.  Specially  charaotexistio  features,  cleavage ;  they  break  with  a  bright  and  glassy 
always  of  asmstance  in  the  identification  of  the  |  conehoidal  fracture,  and  small  CrayiBeiits  have 

mini  lal.  are  the  i>n x  nce  of  horizontul  strintions  8hru  |i  s|dinf cry  ed^es.  Fraef un^d  surfaces somc- 
on  the  prism  laces  and  the  absence  of  a  baaai  i  times  exhibit  a  minute  rippkil  marking,  like 
plane  perpendicular  to  the  prism.  With  the  I  the  marks  made  when  tho  thumb  is  pressed 
development  of  certain,  enmimrativcly  rare,  against  a  plastic  surface ;  this  is  especially 
trai>cjx>iilal  faces  on  the  (<trnr  rs  bet wtVn  the  characteristic  of  the  ameth3'8t  variety,  aiid  i.s 
prism  and  the  pyramid,  t  he  <  rystals  betray  a  due  to  tho  lamellar  intcrgrowth  of  right-handc<l 
hclicalnaturewhjchisiuUereutin  thcirstructiirc.  '  and  left-handed  quartz,  (iieotions  of  such 
As  shown  by  the  diapoeition  of  these  cTtra  faces,  intcrgrowths  eitbibit  *Airy*8  spirals*  in  tho 
some  cryst^il-s  arc  right-handed  and  (others  arc  polari.scop<  .1  The  nnii-  ral  readilv  scratches 
Ictt-handed  :  the  two  kinds,  although  similar  aud  glacis,  and  it^cit  cannot  ix-  scratched  by  steel; 
mtrror-retleetions  the  one  of  tho  other,  are  non- I  It  is  Kelecte<l  as  No.  7  in  the  mineralogist's 
f<u|t  riH)iiahle— such  cry-^taln  are  .said  to  bo  .''cale  of  hanlnes.s.  The-;n  eharacters  nrr- >  .1  nnn  h 
cnantioinorphous  (a  similar  relation  is  also  help  for  the  recognition  of  the  mineral  when 
shown  by  ervstals  of  tartaric  acid).  crvstal-facos  arc  not  developed.  The  sp.gr. 

The  hchcal  structuro  of  quarts  is  also  im-  { is  2*06. 
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Quartz  is  very  resiBtant  tochcmlcul  reagents 
ftnd  to  wMtheriiig  frooeeaes.  For  this  mu»on, 
when  Tooks  tan  treathered  md  disintegrated 

tho  quartz  remains  a.s  the  ubiquitous  quartz- 
sand.  It  JH  insoluble  in  acidti.  with  the  exeep- 
tion  of  hjrcbofluoriob  and  is  only  i^li^'htly  attackeil 
by  solutions  (jf  caustic  nlkalis  (in  w  hich  hydrate<l 
silica  and  opal  are  i>nluble).  When  fused  wtli 
sodium  carbonate,  it  yields  so'liuni  silicate; 
it  is  slowly  afctaoked  by  fused  borax»  but  not 
by  microcosmio  salt.  It-  is  slicbtly  soluble  in 
snperheated  water  and  in  tupc-rheated  solutions 
of  sodiuni  silicate  and  sodium  borate  (Me 
O.  Spezia,  Atti  Aoead.  6oi.  Torino,  1805  el  wf., 
on  the  solubility  of  quarts  and  the  aftifioial 
growth  of  quartz  crystals). 

Wbsn  quartz  is  heated  it  undergoes  a  scries 
of  remarkable  changes.  In  tho  first  place,  it 
usually  decrepitates  violently,  o>ving  to  tho 
presence  of  vast  numbers  of  microscopic  cavities 
oontainiiuc  water  and  lifniid  carbon  dioxide 
(W.  NTttaitJev,  Cheni,  Boe.  ^IVana.  1876,  i. 
m  ;  1877,  i.  241).  At  675"  (or  570'*)  there  is 
an  abrupt  change  in  the  oot^fficienta  of  thermal 
ezpamioii,  the  circular  |X)larisation,  and  the 
refractive?  inrlices.*  This  change  from  a-quartz 
to  0-qiiarlz  (stable  above  575^)  in  a  reversible 
oronantiotropic  one.  From  otchincexjieri  men ts 
on  basal  sections.  O.  Miigge  (Jahrb.  Min.  1907, 
Festband,  181)  has  shou-n  that  tho  two  ftoms 
differ  in  their  crystjilline  symtnetry.  a-quartz 
being  trigon&l-tnpezohcdral  and  /3-quartz  hexa- 
ponid-trapexoliedFal.  This  has  an  important 
hearing  on  geological  probleniif ;  and,  as  shown 
by  P.  E.  Wright  and  E.  Larscn  (Quartz  as 
a  Geologic  Thermometer,  Amer.  J.  >'ei.  1909, 
27,  421).  it  is  iKjy.-,ible  to  determine  whether 
in  any  i>articular  intitancc  tho  mineral  has  been 
formed  at  a  temperature  above  or  I  1  v,  575*. 
At  a  still  higher  temjieiaiure  (about  HW)  tho 
;3-quartz  is  transformed  hito  tridjrmite  (an 
orthorhombic  motlifieation  of  silica  witli  sp.gr. 
2*32).  This  cnantio(ropic  change  takes  place 
Imt  slowly,  and  is  aocompani(<d  by  a  con- 
sidomble  alteration  in  volume.  At  alxjut  1600' 
the  material  (now  tridymito,  or  perhaps  cristo- 
balite)  begins  to  inelt  to  an  extremely  viscous 
liquid,  so  that  the  exact  melting-point  cannot 
bo  determined.  Tho  molten  material,  if  not 
cooled  too  slowly,  consolidate^  as  a  gla"«8  with 
■p.gr.  2*213  (A.  Ifc  Day  and  E.  &  ilihephord, 
Amer.  J.  Sou  1900.  22,  273 ;  0.  Johna,  GeoL 
Mag.  1906,  3.  118). 

This  vitrificil  silica  or  silica-glass  (also  called 
qnartS'glass ;  bnt  the  terms  '  quarti  flbrea,' 
'quart:'.  tn^Kis,*  and '  quartz  vessels '  are  scarcely 
oorreel.  fince  the  material  is  no  longer  quartz) 
poaocrr'Ci  certain  remarkable  properties.  It  has 
an  extremely  low  coefficient  of  thermal  earoaa> 
sion,  and  canoonsequently  be  subjected  tosnaden 
changes  of  temperature  without,  cracking;  it 
is  highly  transparent  for  ultra-violet  rays,  and 
ie  «  non-conductor  of  elcctriirity  even  in  a  moist 
atino-^nli'T"  and  at  high  temperatures-:  it  pos- 

"  r.  lltnno  nnrl  "R.Knlb  (.Tnlirl).  Min.  1!110,  ji.  138) 
have  made  a  1 1  u'l  nutubor  ot  (lotcrniinatiiim  of  tho 
Fpfraetive  Indices  of  quarlz  at  tttuij/oialuro-^  ranging 
from  110  to  +  765^:  e^.  at  23^  (a-quartz)  for  the 
linn  I)„  -  l-.'>t42,  »  =  l*553S,  e-M.-0"00«l,  and  at 
.-.HO    i.s-'iuar?r!.  »(=:  1-5328,  »=1'5404,  0  ()()7«i. 

lietermiiiiitioin  of  th*  birefr)n^nr«»  ami  mtatuty 
power  over  a  wiile  r:itigo  of  fcniiM^raturc  li,-ivt>  i»een 
made  by  F.  £.  Wright  aoJ  £.  S.  Lorseu  (Amer.  J. 
8eL,  m  27, 421). 


PCH-'ii's  a  hij^h  degrco  of  elasticity,  and  is  un- 
affected by  many  chemical  xeaaenta.  The 
material  therefore  finds  many  neefbl  ap^ica> 

tions  in  chemical  and  physical  apparatus 
(VV.  A.  Shenstone,  l*roo.  Roy.  Inst.  1902,  16, 
525;  Nat  ura,  1901,64,  65). 

1'he  characters  so  far  considered  are  tho 
essential  characters  of  the  miuerai ;  in  its 
unessential  characters  it  ekhihite  a  remarkably 
wide  range  of  variation,  so  much  so  that  at 
times  the  essential  characters,  useful  for  purposes 
of  deterniination,  i;  :"  /  I  m  ir:  '  nia.«k.ed.  In 
size  the  crystals  may  range  from  mere  shining 
specks  (pnranoing  a  drosy  effect  on  rock  emrftioee) 
to  those  raeasurinp  a  yard  in  length  and  diameter 
and  weighing  half  a  ton.  The  material  may  be 
perfectly  transi^arent  or  quite  opaque,  splendent 
or  dull,  and  of  almost  any  shade  of  colour. 
Further,  in  tho  maaaive  material  there  may  he 
different  modes  of  aggregation  of  tho  crystalline 
particles ;  and  impuntiee  of  raxious  hinda  may 
m  intermixed  with  the  quarts  anbeianoe.  For 
these  reasons  a  lar;L'e  numlxr  of  varieties  of 
quartz,  differing  widely  in  their  external  appear- 
ance, have  been  from  the  earliest  times  di«- 
tinguiflhcd  by  sp(>cial  name? ;  and  it  ^vas  only 
with  the  I'm-  of  chemical  science  that  thoir  true 
nature  was  determnied* 

The  follo\^-ing  moie  important  varidiea  may 
be  mentioned  :— 

A.  Crystallised  quartz  with  vitreous  lustre: 
Mock-cryxUil  or  '  crystal '  (the  np^roAAot  of 

the  aneiente).  the  purest  form  of  quartz, 
the  crystals  Ix'ing  colourless  and  water- 
clear  (' Marniorosch  diamonds,'  'Bristol 
diamonds,'  *  Brazilian  pebble,'  in.). 

Amethyst  {q.v.),  of  a  vioiet  colour. 

Cirtine,  yellow  varieties;  the  'occidental 
topaz,'  '  Spanish  tojxiz,*  Ac,  of  jewellers. 

SmMty-quartz  and  Oainigorm  (g.v.),  of  « 
smoke-grey,  htownish,  or  bhek  colour. 

Rofte-qwtrlz.  of  a  1.  l  i  ito  rose-red  (novel 
found  as  crystals  Ijounded  by  faces). 

MM'quofto,  white,  with  milky  Of 

iiiappkire-anartz,  of  a  bluo  oolow. 

Prase,  leek-grecn  colour. 

B.  Quartz  with  enclosures  : 

^ran/urtn«- quartz,  enclosing  scales  of  mica, 
hoimatite,  &c. 

Cai's-eye  And  Tiger- rye  {v.  CBOOHXttJXX)  en- 
closing fibree  of  asbestos. 

J7a«r.slon^yeedZ»-«lofie,fte.,  enclosing  needles 
of  nitile,  actinolite,  &c. 

EiKnkiesdt  enclosing  iron  oxide  and  hy- 
droxides. 

C.  (^yptocr;s'stalline  qnaits  (Uhaloedony),  with 

waxy  lastre : 
Agate  {q.v\  with  curved  bands  diiienatly 

coloured. 

Onyr,  with  straight  bsi^diflbrentlyoofeiired. 

Cnrndian  (ot  carnd/UniiU  yeUowish^xcd  or 

orauge. 
Sardt  yellowidi'brown. 

Chriifinprnne^  pale  greon* 
Plastna,  dark  groon. 

BloodJttone  Iq.v.)  ot  EdUilfvpt,  dark  green 

M'itb  red  spots. 

D.  Compact  varieties,  with  dull  lustre : 
Joiper  («7.t?.). 

Flint  (q.v,). 
Ltjditm  Mone  {q.v.). 
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Other  varieties,  pirtaking  more  of  the  n.it  uri 
of  roolu,  aro  saud  {q.v.),   sandatone  (j.v.); 
quartsite,  vein^quarte,  oilstone  (q.v.),  whetstone 
{q.v.), 

In  il«  inodo3  of  occurrencf  quartz  is  equally 
varied.  It  is  an  important  essential  constituent 
of  mmy  of  iht'  piimitrv  mcks  (eneiss,  schist, 
grauite.  &c.j,  uud  with  tho  breaking  down  of 
the^  it  enters  largely  into  tho  composition  of 
the  seoondaiy  sedimentary  looka  (sandatooe, 
ft  c. ).  It  is  a  oommon  product  of  deoompoeition 
of  bilicato  mineral,  and  it  is  coiii-tM|U(M\t  1  y 
abundant  in  veins  and  cavities  in  altered  rocka 
and  as  paeadomorphs  after  numerous  other 
minerals.  In  mineral-veins  it  is  tho  commonest 
of  the  ganguc  materials.  The  several  varieties 
each  have,  to  a  certain  extent,  their  own  modes 
of  occurrence.  For  example,  rock-crj'stal  is 
found  in  veins  traversing  gncisaic  rocks  and  in 
pegmatite  ;  amethyst  is  more  frequently  found 
in  the  geodes  of  weathered  basic  rocks  (mela« 
phyre),  although  also  in  granite  and  in  mineral' 
veins. 

Tho  iufs  of  quartz  are  also  numerous.  Many 
of  the  etrioored  varieties  are  employed  in 

jewellery  as  sr-mi -precious  stones,  for  r>ngrnvini», 
and  for  Buiall  urnamentei  ot  variouii  kinds ; 
and  also,  to  a  certain  extent,  as  an  ornamental 
stone  in  buildings.  Balance  weights,  pivot 
supports,  agate  mortars,  &c.,  are  also  cut  in 
quartz.  The  *  Brazilian  pebble  '  of  the  sp -ctac'is 
maker  is  cleu  rook^orystal  from  Brazil  and 
Madagascar :  and  the  same  material  is  also  cut 
iiilo  pristiH.  [)!ii(r-i,  ;iiid  \\Td;;('-!  for  (>])tioiI  ap- 
paratus. As  an  abrasive  agent  quartz  finds  an 
extensive  application  in  the  form  of  grindstones, 
millstones,  oilstonr=5.  wh^tstonrs.  sr\nd-]»a{x?r, 
Boouriug  soap,  uolishmg  material.^,  i>aud  blasts, 
d»o.  For  the  latter  purpose  ground  quartz  is 
more  cflRcacious  than  quartz-sand,  since  the 
particles  are  more  angular  and  sharper.  Ground 
q  iartz  is  alio  used  as  a  wiorl- lilh-r.  iii  the  m  inu- 
faotore  of  paints  (to  which  it  imparts  '  t<K)th  ') 
and  in  filters.  The  massive  white  quirt«  nsea 
for  grinding  is  quarried  from  veins  or  obtainwl 
fn  a  bj'-product  in  fehpar  mining,  mainly  in 
tho  United  States,  Ontario,  and  Sweden.  The 
liliirkH  arc  henttnl  in  kilns  and  fractured  by 
«|miyuig  Willi  Welter,  crushed,  and  then  ground 
In  edge-mnners  or  between  roller*,  either  in  a 
dry  or  wot  condition.  Quartz  and  quartz-sand 
are  also  largely'  useil  in  building ;  in  making 
cements  and  morUir :  in  tli*-  luanuturvuii?  of 
glass  and  siiioa-giass,  pottery  and  pottcrv  glazes, 
rerrosilioon,  and  oarborundum.  It  is  also  used 
to  a  certain  extent  n<!  n  fltix  in  rnpper  smelting'. 
Blocks  of  quartz  or  quart zite  are  sometimes  Uijud 
for  filling  acid  towers. 

Rejcremet!. — 'For  a  detailed  n  surn/-  of  tho 
literature  ou  the  miticTHlomiial  characters  and 
occurrence  of  quart?,  frc  Jlinlze.  Ilnndbuch 
der  Mincrn logic.  IIXM-G,  i.  12G0-1445.  On  its 
mc^  as  a  geni-stotif,  M.  Bauer,  Precious  Stonei«, 
Englirth  transliilion,  1904,  by  L.  J.  Spencer. 
On  economic  uses,  G.  P.  Merrill,  The  HoU' 
metaUio  Bfinerak,  2nd  od.  1910;  and  Mineral 
Resources,  United  States  Qeological  Surve\-. 

L.  .J.  S. 

QUASSIA.  Billtr- \cood  ( Boi'i  <k  Quama,  Vr. ; 
QiKtr'^niahol:,  GtT.).  The  woful  of  Picrirvn  rr- 
cclsa  (Liudlc}').  a  larj^e  aiih-Uko  tree  inhiibituig 
the  plains  and  lower  mountain  slopea  of  Jamaica 


and  n(  i;|hl)Otiring  inlands  (r.  Bcntl.  a.  Trim.  57). 
Formerly  the  quassia  of  commerce  was  derived 
from  the  allied  South  American  tree  Qntuma 

amnra  (Linn.),  and  the  wood  of  this  tree  is  still 
cniployc*!  on  the  continent.  Ficrasma  quas- 
aioide.s  (Benn.)  and  Samadera  indica  (Gaertn. ) 
also  furnish  a  verv  similar  woo<l  f  Pharm.  J.  f  iii.] 
2,  ()tl.  Bat;  20,  41).  Tho  mttiwcly  bitter 
taste  of  tlio  wood  of  P.  cxceUa  is  duo  to  tho 
preseuoe  of  nhunt  U-03  p.c.  of  a  neutral  crystal- 
line substance,  quamin.  Compounds  possessing 
sinular  properties  have  l>een  isolated  lri>ai  the 
Other  trees  mentioned ;  indeed,  it  was  from  Q. 
mnara  that  qttasshi  was  first  isolated  by  WhioMer 
(Rep.  Pharm.  54.  85  ;  65.  74).  It  was  annlyse<l 
and  further  studied  by  Wiggers,  who  obtained 
it  from  an  aqueous  infusion  of  the  wood,  after 
separation  of  ])ectinons  constituents  by  nv^ans 
of  iimo  or  leatl  ciirl><)naL<',  by  evaporation  to 
dryness  and  extraction  with  alcohol.  Tho  alco- 
holic solution  yielded  a  crude  quassin,  which, 
after  yrarification.  assumed  tho  form  of  white 
o]nqae  prisms.  Di'>oI\e<I  in  water,  quastiu 
thua  obtained  gives  no  precipitate  with  chlorine, 
iodine,  meronrio  ehlonde,  or  salts  iA  lead  or 
iron,  but  forms  an  insoluble  oomponnd  with 
tauuin  (Anualeu,  21, 40). 

Improved  methods  for  the  preparation  of 
quassin  were  proposed  by  Christensen  (Arch. 
Pharm.  [iii.]  20, 48 1),  and  by  Adrian  and  Moreaux 
(R6p.  do  Pharm.  11,  240),  Christensen  prepares 
an  insoluble  tannate  directly  from  a  neutralised 
aqueous  infusion  of  the  wood,  and  this,  decom- 
p-i>ed  by  lime  or  lead  carlMjnatc,  yieltls  a  erude 
quassin  to  alcohol.  Adrian  and  Moreaux  take 
advantage  of  the  easy  solability  of  quassin  in 
alkalis,  and  extract  tho  ^v•ood  with  water  con- 
taining alkaline  carbonate.  The  infusion  is 
evaporated  and  treated  with  alcohol,  when  a 
solution  is  obtained  which,  after  several  pro- 
cesses of  purification,  yields  quassia  iu  crystals. 

According  to  Oliveri  and  Di-naro  (Gazz.  chim. 
ital.  14,  1  ;  15,  C),  who  employ  for  its  preparation 
a  modified  form  of  Christensen 's  metho<l,  quassia 
conf=ist«  of  slender  col'n.i  !  iridescent  ne<Hlle>», 
which  melt  at  210°-21i°.  It  has  the  formula 
C,}H4.0,o.  It  is  very  soluble  in  alcohol, 
chloroform,  or  aeefie  acid,  but  nearly  insoluble 
in  ether.  100  parts  of  water  at  22*  dissolve 
0  253  parti?  of  quassin.  Heated  with  hydro- 
chloric acid  in  a  srah  d  fuhe.  it  \i(  Ids  two  mcle* 
cuius  of  methyl  chloride  anil  quaaatc  acid 

^3»H,,Ojo,H,0 

a  eompoond  melting  at  246* and  crystallising  in 

silky  in  edles.  OHvi  ri  and  Denaro  are  tlius  led 
to  regard  quassin  as  a  dimethyl  ether  of  quassio 
acid,  C^,Hj,0,(C00CHj)_..  The  composition  of 
the  metallic  salts  of  quas'^ie  aeifl  also  stiows  that 
it  is  dibasic.  Oliveri  ((iazz.  chnu.  it^il.  17,  aTO), 
by  aeting  on  the  acid  with  hydroxvlamino  hydro- 
chloride  obtains  a  di<oanmf.  0Ml^g«Oa(C:N0U),, 
in  yellow  prisms  which  melt  at  228*-f50*.  Tl» 
existence  of  this  compound  indicite^  th^il  qna^sic 
acid  contains  t\vx»  ketonio  CO  groups.  That  this 
is  also  the  caee  with  iti  dimethyl  derivativp 
quassin,  is  further  shomi  hy  nii\ ( ri 'Carr.  ehim. 
ital.  IK.  100)  by  the  formation  t)t  a  phenylhydra- 
zinr  romprmnd,  C,oH4jO«(CN-NHC«H|)„  by  the 
:U  i  ii>n  of  that  reatrent  on  quassin. 

Quasdin  rcducca  Fchling's  solution,  but  when 
it  is  heated  with  dilute  sulphuric  aeid  no  sugar 
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is  formed.    By  this  treatment  it  loses  a  mole-  ' 
ciilo  of  water,  forming  an  anhydride,  4*ia«- 
#»<ir .  Cj^H loO,.    This  compound,  whiih  i»  White,  I 
amorphous,  and  Litter,  nirlt.s  at  in2*'-in4°  and 
when  boiled  with  dilute  alcohol,  takes  up  again 
ft  noleenle  of  water,  qtuunn  being  re-formed. 
Qiuissiii  iiiny  al-o  he  convorted  into  the  anhydride 
by  heating  inth  acetic  anhydride,  or  even  b>  htat  i 
ftlone  ftt  loO"  in  a  ounent  of  dry  air.   If  bromine  ' 
bo    present    tribromnqvoMt'de,    C,tH,,BrsO„  j 
results.    If  quaasin  be  heated  with  acetic  anhy- 
dride in  presence  of  sodium  acetate  tht  dt  h ydra- 
iion  goee  further.   In  this  eaae  two  moloculee  i 
of  water  are  removed,  and  a  seeond  anhydride,  \ 
(  ';,  Ht.O,.  a  white,  pearl-like,  amorphous  maa»,  , 
melting  at  150**->158'*,  is  obtaiucd.    Bromine  | 
fbrms  with  qaa«in  a  tabstitution  derivative  | 
melting  at  iSfi*.  brnmryptn».nin,  CjjH,  Br,Og  (?). 
and  piic^phonm   pontachloride   yields  jnvtu- 
rkhnqwusin,  C,^„C1^0,  (?).  a  y.  llow  powdor 
mcltin?  at  110°.    A  mtro  dtrtvaUve  audUnf^  at 
130"  also  exista  (D.  and  O.).   When  qtiamn  is 
heated  with  conMitrited  hydriodic  ncid  and 
amorphous  pbospbunis  it  yields,  among  othef 
prodncts,  iaodiirette,  C,oH,4,  and  a  hjfdnembont 
C,  »H,,,  which  boils  at  2a0'-240*  (Olireri,  Oass. 
chim.  ital.  17.  575). 

From  the  investigations  of  Ifaamte  (Arch. 
Pharm.  [iii  ]  2S.  147)  it  would  appear  that  the 
bitter  cry.-iLallinc  couhtituuntii  ot  the  different 
farees  mentioned  at  the  beginning  of  this  article, 
although  nmilar,  are  not  identioal.  By  an  im- 
prove<l  proeesB  iJiiii  observer  obtaina  from  the 
wood  of  Q.  amara  four  bitter  crystalliiR'  quus- 
tins.  one  of  which  corresponds  with  the  quat>siu  ^ 
of  Oliveri  and  Denaro.  The  others  are  pro- 1 
l>ably  methyl  derimtircM  of  this  Avith  higher 
melting-pointi*.  From  i'.  txcflsa  the  same 
dhemist  obtains  two  crystalline  comi)oun<ls 
which  are  designated  picrasmim.  They  differ 
in  com|X)sition  from  the  qvasgins,  but  appear 
also  to  I"'  inr-thyl  derivatives  or  homologues. 
One  of  them  yields,  by  the  action  of  hydro- 
oUorio  aoid,  pkrtumie  aeid^  homologous  with 
thf  quntasic  acid  of  Olirrri  and  Denaro.  By 
extracting  crude  quassia  with  ether,  ilcrcli 
(Chem.  ^ntr.  1896,  i.  435)  obtained  quasMle 
C40H70O-!  H_n  (?)  which  crystalli.ses  in  colour- 
less plates  melting  at  149*-151*.  It  differs  from 
quaasin  by  it.i  absence  of  taste. 

Qooasia  is  sometimee  used  aa  a  substitute  for 
hops  in  beer.  For  methods  of  its  deteotion  see 
Drairri.dorfT  ((,*em.  Z-nlr.  18SI.  and  209), 
Alb-n  (Analvat.  1»87,  1U7),  (hapnian  {\bid. 
1900,  35).    '  2\.  ^. 

QUAS5IC  AOID,  QUASSIDE,  QUASSIli,  v. 

Qt'ASSlA. 

QUEBRACHO  COLORADO.  Tlie  quebracho 
Colorado  are  anacanliaoeous  trees  balongiog  to 
the  genus  Qmhmehia,  growing  in  the  northern 
jMirt  i»t  \  \\'-  .Ar^i  iit  iiH  l'(  public,  the  «*ood  of 
oomtitutcs  the  well-known  tannin  substance 
*  quebraoho.'  It  is  imported  into  this  country 
in  the  form  nf  Inps  anil  is  rmplnycd  fur  fanniriL', 
either  in  the  iliipped  condition  or  lu  the  lorui  ul 
extract.  Their  wood  is  extremely  liard,  as  the 
name  '  quebracho  '  (axr-breakor)  denotes,  and 
ilK  Hp.gr.  varies  from  1-27  to  l-.'W. 

Jean  (Bull.  iS<»c.  chim.  1880,  3:1.  6)  found  that 
it  contained  15*7  p.e.  of  a  tannic  acid  not 
Identical  with  that  of  oak  bark  or  ohostnnt 
wood,  whereas  Ftooter  (Leather  Hannfaotvie, 


1903,  209)  eatimates  it  to  tontain  about  20  p.e. 
of  a  tannin  yielding  reds  (phlubo^ihaDe)  and 
containing  catechol  and  phloroghicmol  nnelei. 

Tliis  tannin  is  .soint-what  sparingly  w>lublo  in 
water  and  can  only  be  used  in  weak  liquora,  but 
gives  a  firm  reddish  leather. 

In  order  to  isolate  the  tannin,  Strauss  and 
(Ji'scliwcnder  (Zeitsch.  augew.  Chem.  1900,  19, 
1121)  extract  the  bark  first  \nih.  chloroform  and 
then  with  alcohol.  Addition  of  water  to  the 
alcoholic  extract  causes  the  sejiaration  of 
phlobophanes,  and  from  th«'  ( U-ar  liquid  oon- 
oentratiBd  in  a  vacuum  the  tannin  is  precipitated 
by  lead  aeetate,  the  lead  salt  betntt  ooUeoted 
suspended  in  •watnr  and  decomposca  wiih  sul- 
phuretted hydrogen.  The  resulting  solution  is 
evaporated  to  dryness,  the  residue  dissolved  in 
alcohol  an<l  yi  nin  rl  iT,f  i  1  thrr.  Thus  o])faine<l  it 
consist.-<of  alif^lii  llak\  ina.  ?*.  w  hich  iji  hygroscopic 
and  bfconns  sticky  on  rxptisurc  to  moist  air. 

According  to  Arata  (J.  1879.  306),  qwbrwho 
iannin  ^t^ifix^  ^ives  catechol  on  dry  dis- 
tillation, with  nitric  noid  ora/iV  and  picric 
acid«,  by  fusion  with  alkali  phioroglucinol 
and  proioealeehuie  aeid,  whereas,  by  the  latter 
nu  thod,  Nii-ronstein  isolated  also  lii/drcfininone 
and  nmrciiial  ((Collegium,  1905,  Uu).  Actxjrding 
to  the  latti'r  author,  the  quebracho  Colorado 
probably'  contains  three  tannin.s.  By  treating  a 
cold  aqueous  extract  of  ihc  quebracho  Colorado 
with  bromine,  Biittinger  (Ber.  17, 1123)  obtaine<l 
a  reddisb-veliow  compound  containing  42*1  to 
44*5  p.e.  of  bromine.  Neirenstein,  vrfao  isolated 
t}ie  tannin  accorditijj  to  Tritnblo'.s  nu  tlio<l  fTho 
Tannins),  treated  the  solution  with  lead  acetate, 
filtered,  and  on  addinpr  bromine  to  the  clear 
liquid  obtained  a  prrripitate  nf  monobromoqw' 
brucJu>Uiiiuin  L',,H,.Br'0,.  which  Cf>nsipts  of  a 
cinnabar  red  pon'der,  and  on  di}j;t  stii>n  >ntb 
alcoholic  potash  gives  igovanilltc  acid  and  mano' 
hromoquebrachytic  acid  needles,  m.p.  1 19*-120°. 

Straus.-*  and  Geschwcndcr  (l.r.)  consider  that 
quebracho  tannin  is  identical  with  maletto- 
taiinin,  and  with  the  tannin  from  cinchona 
bark,  and  asTrilw  to  it  the  formula  r,,H.(,0^. 
VV'ith  a  mixture  of  acetic  aidiydridc  and  acetic 
acid  the  auiyl  compound  (<  aoHaaOnAo,),, 
colourless  powder,  is  produce<l,  an<l  a  corre- 
sponding benzoyl  derivative  (CsjH,jO,,Bz,), 
can  also  be  prepared. 

Quebracho  phlobopbane»  on  distillation  with 
rino  dust,  yields  anthracene  (Nierenstein,  Ber. 
1907,  40,  4575). 

According  to  Amaudon  the  wood  contains  a 
eolonrinf?  matter  which  gives  a  fine  yellow  dye, 
,  and  this  has  fiern  cTamiiicd  by  Pi-rkin  and  Gunnell 
(Chem.  Hm:  'I'vana.  1H96,  09,  1304)  and  found  to 
j  M  identical  with  ^Isefia,  the  ooloiuing  matter  of 
I  young  fustic.  This  compound,  which  appears  to 
'  exist  in  the  wood  as  glucosifle.  gives  on  fusion 
witli  alkali  prot  oca  technic  acid  and  n-orcinol. 
I  and  may  account  for  the  appearance  of  the 
latter  phenol  among  the  hydrolytie  prodnots  of 
flic  <Tudc  tannin  it-rlf.    According  to  Pcrkui 
I  and  Gunnt  ll.  whvn  an  extract  of  the  quebracho 
'  colonidu  i^*  <ligt'sted  with  boiling  dilute  acid  a 
'  small  quantity  of  cUagir  arid  is  obtained. 
\       In  addition  to  the  tannin.n  alcove  doHcrilH'fl, 
the  quebracho  Colorado  is  the  source  of  the 
1 80-eaued  '  quebracho  resin,'  wiiich  collects  as  a 
thjclMned  juice  in  the  crevices  of  the  tree.  It 
I  has  been  examined  by  Arata  {dwni.  8oe.  Abstr. 
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IHTS,  081)  who  (Icscriln^s  it  us  easily  soluble  in 
aleuhul  or  ethyl  acetate,  insoluble  in  benzene. 
By  fusion  with  alkali  it  fi'ivosi  protocat«chuieaeid{i) 
Mulphlornijhiciii.nnd  by  the  action  nf  nitliOMid, 
oxalic  an<l  pierie  acids  arc  j)ro(luced. 

A  considerable  amount  of  tiio  tannin  oon- 
tained  by  the  quebracho  Colorado  is  of  a  sparingly 
ftoluble  nature,  and  is  dcponitcd  to  some  extent 
from  a  hot  aqueous  extrac  t  on  coolinp.  This  pro- 
duct may  be  rendered  soluble  by  treatment  with 
alkalis  or  alkaline  snlphitM  and  a  large  quantity 
of  the  so-called  *aomble  *  quebracho  extracts 
are  preparv<l  by  heating  the  material  in  closed 
voeeola  with  biimlphitcs,  sulphites,  sulphides  or 
even  caustic  alkalis  (Lcjietit.  DoUfus  and 
Gansser,  Eng.  Pat.  1890,  8o82  ;  cj.  I'rocter. 
Leather  Majiufacture,  338).  A.  (5.  P. 

QUEBRACO  or  QUEBRACHO  BARK,  the 


still  used  to  a  consideraMo  extent,  althoucli  not 
so  muoh  as  was  formerly  the  case.  This  is  not  only 
dne  to  the  introduetioB  of  the  artificial  eoloarinit 

matt'Ts.  hut  bocau.se  it  has  been  supplantofl 
for  many  purposes  hv  the  lejjs  costly  Old  Fuatic. 

Quercetin  C, sH,,,^-.  the  colouring  matter  of 
quercitron  bark,  lias  been  the  subject  of 
numerous  rcsean'hes.  and  many  of  these  un- 
fortunately resulted  in  the  publication  of 
complicated  and  unsatisfactory  formule.  At 
an  early  stage  it  nvas  aeoortained  that  qaeroetin 
does  not  exist  in  the  |»lant.  at  least  to  any  extent 
in  the  free  condition,  but  in  the  form  of  itii 
glucosjide  quenUrin. 

To  prepare  qucrcetin  the  following  nn"tho<i 
devised  by  the  late  Sir  W.  H.  Perkin.  an<l  em- 
ployed by  him  for  aevenl  years  on  the  manv- 
faoturing  scale,  gives  good  results.  Quercitron 


bark  of  Aspidmperma  QuAraeho  (Sohlecht.),  |  bark  dust  is  macerated  with  moderately  strong 


obtained  from  the  Argentine  R<'publie,  is  used 
for  medicinal  purposes  (v.  VjfiQETo-.vLKAL.ou>s). 

QUBRCBTAObTDT.  Qaeroeta get  i  n ,  t  he  yellow 
Colouring  nmtter  of  the  flowers  of  Twirt'-x  pnfvJa 
(Linn.)  (Afiican  marigold),  was  first  isolated  bv 
Latour  and  Magnicr  (Boll.  Soc.  Chim.  [ii.]  28.  .337), 
who  assigned  to  it  the  formula  C,;HjjO,j,4H20. 
It  has  i>een  examined  pinco  by  Perkin  (Chem. 
Soc.  Proo.  I;MI2,  is.  7r»),  who  suggests  the 
formula  (JuUjQOa.  Queroeta^tin  crystalliaee 
in  pale  yellow  needlee,  dissolves  in  alkaline 
solutions  with  a  yellow  colour,  ami  dyes  mor- 
danted fabrics  somewhat  similarly  to  qucrcetin. 
Aeetiflqiiercelagetin, C, BH40,(CtH^0)«.  colourless 
needles,  m.p.  209**-211*,  qucrcftnQctin  .sitlpfiaic 
CijHioO^.lI.SO,.  orangc-re«l  needles,  and  Mono- 
potassium  qucrcrUvjclin,  C'isHjOhK,  have  been 
prepared.   On  fusion  with  alkali  qaeroetagetia 


hydiozyflftToiie  isomorio  with  myrioetui. 

  A.  G.  P. 

QUBRCBTni  «.  HoBSB  cHBsmrr  and  Qvmt« 

CITItOK  n\RK. 

QUERCIMETRIN  v.  Glucosidks. 
QUERCIN;  QUEROIinO  ACID  «^  Tamnitt. 

QUERCITE  V.  iNOSiTE. 
QUERCITRIN  v.  Glucosidks. 
QUERCITRON  BARK.   This  imporUnt  vel 


salt  solution  to  remove  cummy  substances,  fil- 
tered, and  then  extracted  with  dilute  ammonia. 
The  ooldammoniacal  liquid  is  treated  with  a  slight 
excess  of  hydrochloric  acid,  causing  the  separa- 
tion of  certain  impurities  in  the  forniof  a  browTi 
Hiicculent  precipitate.  This  is  removed,  ancl 
tlie  p»alo  yellow  acid  solution  of  the  gluco^ide 
is  Ixiiled  for  alwut  30  minutes.  The  glucoside 
is  thus  hydrolys<"<l  and  almost  chi'iniiiilly  pure 
queroetin  separates  in  the  form  of  pale  yellow 
needles,  wfaieh  are  oolleoted  while  the  miadbare  is 
still  MTirra  and  washcfl  with  water,  li  is  readily 
soluble  in  alcohol,  and  dissolves  in  alkaline  sola« 
tions  with  a  yellow  colour.  With  aqucTms  lead 
acetate  it  gives  a  bright  orange-nxl  |)reci)iitate, 
and  with  alcoholic  ferric  chloride  a  dark  green 
colour. 

The  most  important  of  the  early  investiga- 


osprotocotecfttMcael^aaidbfaixeMity  ahieza- 1  ^      of  queroetin  was  earned  out  by  Jjebcr^ 


mann  and  Handturgcr  (Bor.   J2,  1178),  who 
assigned  to  it  the  formula  C^iHi^O,,,  and  to 
queroitrin   the  formnla   C^.Ha^O^.  Herzig 
(Monat^h.      72;  *5,  sr,3:  0.  ;-:?T:  12,172:  14,  53; 
15,  61)7).  who  has  earned  out   an  elaborate 
series  of  researches  on  this  subject,  at  fivst 
adopted  this  formula.    Subsequently  it  was  a©, 
i  ecrtained  that  qucrcetin  was  in  reality  C,  jH^.O^, 
anil  tliis  received  siipport  by  the  prejwiration  of 
lowdyestuff,  the  latest  addition  to  the  some  what  I  its  compounds  with  mineral  acids  by  Perkin 
meagre  list  of  ooramerBlal  natural  eolouring  |  and  Pate  (Ghem.  8oo.  Trans.,  1898, 67,  647). 


rnaltcrs,  wa^;  discovered  and  Introduced  by 
Bancroft  in  1775.  In  hia  Philosophy  of  Perma- 
nentColours  he  states  (II,  113),  *  Queroitron  bark 

is  one  of  the  objects  of  a  discovery  of  which 
the  use  and  apphcation  for  dyeing  are  ex- 
clusively vested  in  me,  for  a  term  of  years  by  an 


When  quercetin  is  fu.'ic<l  with  alkali,  it  gives 
protocalechuic  acid  atul  phloroghicinol,  and  if  its 
alkaline  solution  is  oxidised  unth  air,  the  aaoM 
prodticts  arc  obtained.  By  the  more  gentle 
action  of  the  alkali  Ulasiwetz  and  Pfaundler 
(J.  18(>4,  561)  obtained  certain  intermediate 


Aotof  Parliament  in  the  twenty^fifth  year  of  his  products  of  the  hydrolysis,  jMP-m2Mcr/inCi|UMO^ 
present  Majesty's  reign.'  |  yeUowneedles,9fMreiefw<K^CVsH,oO.,  coloimem 

Quercitron  bark  is  the  inner  bark  of  a  species  needles,  and  qucrcimrric  iiruj  ('.116^^,11,0, 
of  oak  known  as  (^uerctis  discolor  (Ait.)  [y.  ,  colourless  crystals.  Her?.ig  and  others  who  have 
titw-toria],  which  is  a  native  of  the  Middle  and  l  reinvestigated  this  decompoaition  have  V>oen 
Southern  States  of  .America,  The  tree  in  the  '  unable  to  obtain  the  substances  of  Hlasiwetz 
south  is  dascribtKl  as  being  from  tK>  to  80  ft.  and  Pfaundler,  and  if  these  couiiKjunds  arc 
high,  with  a  trunk  from  6  to  10  ft.  in  diameter;  |  in  reality  chemical  individuals,  it  seems  likely 
but  in  the  north  it  does  not  attain  to  this  size,  that  their  formation  was  due  to  the  action  of 
In  order  to  obtain  the  dj-cstuff  the  epidermis  some  special  imptirity  contained  in  the  alkali 
or  exterior  blackish  coat  of   bark   is   usuallv    employed  by  these  chemists. 


removed  by  shaving  and  the  inner  portion  then 
detached  and  ground.  The  product  may  be 

separated  into  striiiL'v  fibres  and  a  light  fine 
powder,  the  latter  of  wlueh  contains  the 
prineipnl  portion  of  the  colouring  matter* 


On  acetylation  queroetin  gives .  a  penla- 
aeetyl  comptmnd  C|  kHkOy (C,H,0),,  colourless 

needles,  meltinir  at  H)l*-19.')*.  but  on  methvla 
tion  with  methyl  iodide  the  trtramdhyl  ether 
C|     ,0,(  0( '  1 1 J  )^.  long  yellow  nec<  1  les,  m.  p.  106*— 


Queroitron  bark  and  ita  pceparationa  are  1  157*  (M.)  is  produced.  A  free  hydroxyl  group  ia 
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atiU  pre«»t  in  thw  com  following  compounds:   Nitmp.  ntnmlhyl 


i^th  nloohoUo  potash  a  bright  yoUow  imit  deoom 

posa))lo  bv  water,  and  a  monoacetyl  derivative 
C,»H,0,(C',H,U)(00H,)4.  needles,  m.p.  16r~ 
ieu"ll£).  The  cfjl9fati<m  piodaet 

C„H,0,(OC,H,), 
yeUovr  needles,  m.p.  120M22*,  is  similarly 
oonstitntod.  and  gives  the  acetyl  compound 
C,5H,0,(()(',Hi),((',H30).  m.p.  ISP-ISS*'. 

When  heated  with  alcoholic  potash,  queccetio 
tetmnethyl  ether  forms  vwtmie  aeid  and  a 
syrupy  phloroglucinol  derivative  (H.),  and  this 
latter  has  been  shown  (Perkin  and  Allison. 


quercetin  C,jH/),(0CH,)5-N0„  yeUow  uoediee, 
m.p.  202  -204  ,  nini n  ip^niameihj^nendin 
C|yrH40,(OCU3)5-NiL,  c  tloufless  i)nsin-:,  m.p. 
20(f*-202  ,  pmlamcthuUjuercetin  hudrubromide 
faoHs«0,-Hitr,  hfjdrocldoridc  C«JI.,0,-HCL 
sulphate  CmU,„0,  H,SO,.  nitrate 

3reIlow  needle.<?,  tHnitnftniamak^qvtrceUn 
C,jH,Oj(OCH3)5(NO,)3.  m.p.  IW  -2<>r)  .  di- 
orompentameihylquerctlin  C,5H,(),  Brj-(0("Hj),, 
colourless  prisms,  m.p.  173'^-175  ',  dibrompenUi- 
methylquercttin  hydrobromide  CMHj,0,-Br,'HBr, 


The  following  is  a  list  of  the  more  impor* 
taut  derivatlvee  of  qneroetin:  DBtromquercetin 

C,4H,Br,07,  vcllow needles,  m.p.  2:$;i°-2:ir)° (U.), 
acetyl  dibromquercelin  C„H,Br,U,(C.H,0)j  (H.), 
dihnmquercetin  tetraethyl  eUier,  yellow  needles, 
n.^    i09*-173**.    qvercctin  triphcfii/lrarhamide 
(OH),-C„H.O,(OCO-NH-C,H,),  (Termer,  ikr. 
1886, 18,  S609),  triaeetj^  quercetin 
C,5H,0,(C',H30),. 
colourless  needles,  m.p.  167**-!  69*,  and  tetra- 
aeetyl  quercetin  C,5H,07(C,HjO)4,  m.i».  193"- 
191"  (P.  rkin.  < 'hem.  Soc.  Tran.M.  1899,  7r>,  449), 
heiizoyl  rpurcdiH  Cii}JfO,  {Cjli^O)j^  m.p.  239® 
(Dun.stAn  and  Henry,  Chem.  Soe.  Trans.  1888, 
73,  219).   With  mineral  acids  in  the  presence  of 
aoetia  acid,  quercetin  gives  quercetin  sulphate  ] 
C^s^tOi'HaSO^i,  qmetin  hydnAnmitk 

C.jH.oO.HBr  ' 
quercetin  hydrochloride  C.sHj.Oj-HCl,  and  gucr-  . 
esltis  hyinodide  CisHioOj  Hl,  which  cryfltellise  | 
in  orange  tietKlles  and   are  deoompo.s<Ml  by 
cold  water  (P.  and  P.).   Mmtopotaseium  tjiur-  j 
cetin   C,  .HyO^K  and  mtmoaodiutn  quercrtin  \ 
CifHiOjNa,  orange  needles,  are  prod  need  by  | 
the  aotion  of  alcoholic  potassium  and  sodiuni  ! 
acetateh(Perkin,Cheni.  Sop.  Trans.  1899.  76,4.18).  i 
Auunoiuerceiin  Ci^40,(0tiWNU^  pale  yeUow  | 
naedlea,  has  heen  omuned  by  Watson  (Proc. ! 
Chem,  Soc.  1911,  27,  163)  by  the  mtlon  of 
hydhodic    acid  (1*7)  on  aminopeutamethyl- 
qiMTCetin.    The  hydrochloride  C,     „  O/N'Ha,  I 
yellow  needle.s,  the  hydriodide,  suliJiatr,  and 
acetyl    derivative,     eolourle*m    rhomL»,    m.p.  | 
151  -153  \  arc  also  described.  AminoqiMiroetin 
dves  mordanted  wool  browner  and  deeperookrarB 
toan  queroethi  itself. 

Quercetin  i.s  a  stroncr  'lystiilT.  and  f;i\  i  <  ^^ith 
mordanted  wool  the  following  bhadet<,  which  are 
almost  indoitieal  with  tluwe  prodnoed  by 
fisetin : — 

(Htntmbim    Akmirtiim        Tin  /tmi 
Bed-bNum  BKNnMHraaffs  Bright  orsace  OUve-black 


quercetin  diazoniutn  chloride 

c„H4a,-(0CH,),N,a, 

yello"W  needliH,  Hulphnlc  yellow  needles,  and 
pentatntihylqucrctiiU-azo-fi-  napthol 

Ci,H«0,(OCH,),N,C,„H,()H. 
PentamethyI(HUT(\-tin.  when  li  vdrolvscd  with 
alcoholic  potu-sh  ( Herwg,  Ber.  1909,  42,  1S5), 
trives,  together  with  veratrie  aeid,  the  methoxy 
derivatiiT  of  the  f}.^etol  dimethyl  rtficr,  which  ho 
obtained  (Monatsh.  1891,  12.  187)  by  the  hy« 
drolyiia  of  fisetin  tetrnmethyl  etlur.  The  ra* 
aotion  may  be  ezpcessed  n.s  fuilowB  :— 

OCHj 


OCH, 


V 

OCH3   

Quercetin  pentatncthyl  ether. 

OCHa/^— OH  OHC- 

il 


OCH, 
<J>OCH. 


OCH, 


CO — c-ocu. 

CH, 

Intsnnediate  componod. 

OCH, 


—OH  CO- 


UCH, 


OCHaf  -OB 


The  HUggestion  that  (|iHTeetin  was  prol«ibly 
hydroxyjisetin  is  due  in  the  hrst  place  to  Hcrzig, 
and  this  has  been  sabetantiated  by  the  synthesis 
of  this  colouring  matter  {see  below). 

Itha-s  been  found  (Waliasohko,  Arch.  Pharm. 
1904,  242,  226)  that  by  employing  methyl 
•nlphate  in  the  methylation  of  quercrtin, 
fuereetin  pentamethyl  e'thrr  CisH.O.fOC'H,)^, 
OolourletiS  needles,  m.p.  148  ,  can  Ik-  ).ro<lu(  i<l!!' 

Jfrom  quercetin  pentamethyl  ether  Watson 
(Ptoc  CSiem.  Soc.  1911,  27,  103)  has  prepared 
Vol.  IV.— T. 


CO  :CH<XJH, 

OCH, 

Hydro.\y  pentamethoxybcnxoylacetophenono. 

OCH, 

COOH-<^  ^>OCH« 

J-CO-CH,OCH, 
(XJH, 

Methoxy  llMtol  dimethyl  vthvT. 
and  aHords  a  dear  proof  of  the  tlavonol  con> 
atitiiticni  of  qaercetin — 


1 
I 

\ 


OH 
^OH 


OH^V^^-/ 

/!oH 

OH 

Quercetin  has  brcn  .syntlx-  iscfl  by  v. 
Kost(»nccki.  Ijunpe,  and  Tamlxir  ( IV  r.  1904.  37, 
1402)  Ity  II  series  of  rcaetions  .tinnlar  to  thiwe 
which  had  been  succcf^sfully  employed  for  the 
preparation  of  fisetin.   The  stiirting-|x>int  of 

2  H 
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the  synthesis  was  Z  hyilroxy,  4'.  0',  3,  4.  tetra- 
iiMtboKyolutlkoiie*  and  the  following  formulso  in- 
dio«tetinepcoo«dafe«dopt«d(oonip!irf>  fisetin) 


(1) 


(2) 


OOHal 


(3) 


OCH,       -OH  CH— ^OCH, 

^  CO— CH 
OCUi 

OCH 

\  /^C0'-''-^"« 
OCH, 

OCH, 

OCH» 

OCH3 


OOHs 


OCH.— 


<«) 


OH- 


OCU, 


gen  in  passed  ilirou^h  the  filteate,  and  after  re- 
moval of  It  od  tttlphide  the  clear  liquid  is  cvapc- 
ratO(l  to  (IryiK  ss.  The  n'siflno  is  diswlved  in 
ft  little  hot  alciihol,  the  solution  treated  with 
water,  and  the  crude  ([ucrcitrin  which  sopamtee 
on  oooling  is  purified  by  zepeated  crystaJUBation 
from  water. 

A  vt TV  oonvenient  simrcf  (if  quorcitrin  is 
yellow  Jiavine  (Berkin,  private  communioation), 
which  conaists  ahnost  entirely  of  this  rabstaace, 
and  ia  usually  free  from  qucrcetin.  A  hot 
aqucouti  extract  of  this  mat4.Tial  gives,  on  cooling, 
a  orystalline  precipitate  of  the  glucoeide,  and  this 
by  rccrystalliHation  from  water  with  the  aid 
of  animal  charcoal  is  quickly  purified. 

Quercitrin  crystallises  in  very  pale  yellow, 
almost  colourless,  leaflets,  insoluble  in  cold  water, 
somewhat  readily  so  in  aloohol.  Aqueous  lead 
acct.iti"  fx'ivcH  a  bripht  yellow  procipitale.  The 
generally  accepted  formula  for  uuercitrin  is 
G„H,,0,/2H20,  (Henig.  Honateh.  14,  68), 
and  its  hydrolysis  with  acids  into  rhnmnose 
(Hlaziwetz  and  Pfauiuler)  and  quercetin  is 
nmally  expressed  as  follows  : — 

C„H,,0,,  +  H,0-C,jH„0;  +  C,H,.0, 

According  to  C.  W.  Moore,  however  (Proc. 
Gbera.  800.  1910,  26.  183),  the  true  coin]xjsition 
of  qturcitrin  is  ('.jUjoO,  ,-2H  ,0,  aiul  ihe 
equation  represunting  it«  hydrolysis  should  be 
as  follou-s  : — 


C„H. 


,0,,+H,O^.C,4H,oO,-fC,H.,0, 


AeenrdiriK  to  Nicrenstein  and  Wheldale  (Ber. 
1911,  41,  3487)  quercetin  by  oxidation  with 
chromic  acid  ia  converted  into  qiuircetone,  deep 
red  needles  (m.p.alxive  300°)  which,  like  an  thro- 
cyanin,  di^Ivcs  in  alkali  hydroxides  with  a 
blue  and  in  stilphurio  aeid  withftlttdooloimtioil. 
It  po884Httied  the  formula 

O  O 

•  • 

6  CO 

(compare  Kostaneeki  and  Tambor,  Ber.  1002,  35, 
1889:  ibui.  19UG.  39,  4012).  When  heated  with 
zijic  (hist  and  acetic  anhydrido  yields  the  acetyl 
derivative  (amorphous)  of  the  hydxoxyqucccetm 
OH  O 

OH/'V^,-C.U.(UH). 
OH  CO 

This  pentahydruxyflavonol,  yellow  needles,  molts 
ftt  3(w-365^  givea  a  colourless  htxamtlhyl  deriva- 
tive m.p.  147-149  . 

Quercitrin,  the  glucoside  of  quercetin,  was 
first  isolated  from  quercitron  bark  by  CSievreul, 
and  has  Ix  cn  cxaniined  by  numerous  chemists, 
Thu  method  usually  employed  for  tiio  prepara- 
tion of  thin  »ul>stanoe  is  that  devised  by  Zwenger 
and  Dronke  (Ann.  SuppL  1,  267),  and  fhi«  was 
subsequent  Iv  utilised  by  Lieberuiann  and 
Hamburger'(Ber.  12.  1179). 

Quercitron  bark  in  extracted  with.  5-6  times 
its  weight  of  boilini;  .')0  p,c.  alcohol,  the  extract 
evajxjrated  to  one-half,  and  treated  with  a  little 
acetic  acid,  followed  by  lead  acetate  solution. 
The  precipitate  it  removed,  sulphursUed  hydro- 


When  air-dried  quercitron  melts  at  182**-l8o*', 
and  in  the  anhydrous  condition  at  250**-252*'. 

It  was  formerly  coniii(lere<l  that  the  glucosidcs 
(colouring  principles)  were  hydrolysed  during 
the  dyeing  operation,  an<l  that  the  shades  thus 
obtained  were  duo  not  to  the  glucosides,  but 
to  the  free  colouring  matters.  This  in  certain 
cases  is  correct,  esijccially  when  the  plant  con- 
tains an  ensyme  capable  of  effecting  the  hydro- 
lysis :  but  on  the  other  hand,  in  many  cases 
the  ghicoside  is  itself  the  colouring  matter 
and  directly  responsible  for  the  dyeing  effect. 
Quercitrin  is  an  instance  in  point  (Perldn,  CShem. 
S*jc.  Trans.  19<»2,  81,  479),  and  pives  upon 
mordanted  fabrics  shades  which  arc  distinct 
from  those  of  quercetin  itself — 


Quercitrin 
Quercetin 
Koempferol 


Chromium 
)  riillLrown- 
>  vcllow 
\      K«d  - 
f  brown 
\  Brown- 
(  yellow 


Aluminium    Tin  Iron 
Full  Koldun  I.eiiKtn  ivcnoliv* 
.v.>ll..w      yellow  ^^cpouve 
Br(iv*ii-    liriuhl  Or.ange 
orange     ornnKo  black 

Lemon  Deep  olive 
yellow  brown 


YeUow 


In  dyeing  property  quercitrin  very  closcdv 
resembles  kaempferol  («c«  GaulkGA  BOOT),  and, 
indeed,  differs  but  little  from  morin  (old  fustic) 
and  luteolin  (Weld)  in  this  respect.  It  thus 
ap|)cars  probable  that  the  oonstitation  of  the 
gfucoside  is  to  be  rcpfecented  by  one  of  the  two 
following  formula;  : — 


OH 


II  ^- 

COH 


.  '\0H 
j|    V  -/.OH 
.  CO  .^''O— 0— C»H|,04 
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The  colours  given  by  qncrcitrin  poasen  ft 
aomeirhafc  faster  oharaoter  thsa  those  derived 
fioiD  qnefloettD* 

Commenitd  Preparation*, 

RftVlll.  This  is  the  most  iiupottuit  com- 
mercial pnjMirut  ion  of  quercitron -bark  ;  itseema 
to  have  been  first  imported  to  this  country  from 
AmeriOft.  The  detaiu  of  its  nuttiufncturt>  have 
\)c€n  gnarded  wth  much  secrecy,  and  analyses  of 
oommcroial  sampleH  show  that  different  methods 
h*ve  been  adopted  by  different  makon.  Some 
•peoimens  consist  essentially  of  queroitrin,  and 
are  known  as  yellow  flavin,  while  others  contain 
only  querctnin,  ami  art-  Icnown  as  red  flavin. 
The  former  have  probably  been  prepared  by 
merely  exfemoting  the  bwk  ivith  water  ana 

hi;;h-pre.s.sure  steam,  ur,  an  it  i»  said,  wtth Steam 
only,  at  a  temperature  of  102''-103**. 

The  best  qualities  of  flavin  aie  those  in  whioh  i 
tlie  colouriPL'  iitfiMf-r  i-^  i>rescnt  as  mon*  or  less 
pure  qucrcitnu,  utui  tiilin-ly  frets  from  woody 
fibre.  Red  flavin  ia  prepan>d  by  rapidly  ex- 
traoting  the  powdetjr  portion  of  rasped  qneroitron 
bark  with  ammonia  or  other  alkali,  and  boiling 
the  solution  with  sulphuric  acid.  The  pre- 
cipitate thus  produced  is  ultimately  collected, 
wiiflhed  with  oold  water  till  free  from  acid,  and 
fiiiftlh'  dried.  Flavin  of  this  character  has 
abuut  iiixteen  timc^  the  tiauturial  value  of  (|uer- 
citron-bark.  It  is  not  very  soluble,  but  it  yields 
with  aluminium  and  especially  with  tin  mor- 
dant«i,  much  more  brilliant  colours  than  does 
queri'itrnii  l».irk. 

Patent  barlK,  or  '  oommcroial  quercctin/  ia  a 
preparation  of  qneieitxon  bark  analogous  to  the 
parancin  mn  ir  from  madder.  It  ia  manufac- 
turtMl  m  m  aimilar  manner,  viz.  by  boiling,  for 
about  2  houn«  100  parts  finely-ground  quercitron 
baric.  .100  [mrts  'wat<»r,  and  15  partF  concentrated 
sulphuriu  acid.  The  product  i.s  collected  on  a 
filter,  washed  free  from  acid,  and  dried.  The 
yield  is  about  85  p.c.  of  ilie  bark  employed, 
while  its  eolouring  powsr  is  mndi  greatn'.  It 
seems  to  have  been  first  manulaotiued  in  1866 
by  Leeehing. 

Buk-lk|U0r  is  simply  an  aqueous  extnot  of 
qticrcitrun  bark,  and  is  sold  with  a  sp.gr.  of 
1-255*. 

ApplircUion. — Quercitron  bark,  patent  bark, 
and  bark  extracts  ^are  chiefly  employed  by  the 
calico  and  woollen  printer.    The  latter  are  used 
in  the  preparation  of  steam-yellows,  oHves, 
oliocxtlates.  ac,  in  oonjnnction  with  aluminium, 
tin.  oIm>niinm.attd  iron  mordants.  The  former 
v.«  ri-  at  one  time  larpely  employed  in  eonjxine- 
tion  with  garancin,  for  the  pru<luction  of  vanoua 
compoundshades,  e.q.  chocolate,  dull  red,  Ofange,  \ 
&c.    Now  f  hr  V  may  be  usfd  in  a  similar  manner  j 
along  with  ali/^inu.    When  used  alone,  querci-  i 
txon  bark  and  patent  bark  give,  with  aluminium  I 
mordant  yoUow,  with  tin  oianaSt  with  oluomiUim  j 
olive-ycUow,  with  iron  greeniA-oliveeoIonn.  I 

Fliivin  is  chiefly  used  in  wool  dyeing  for  the 
production,  in  single- batli,  of  bright  yellow  and 
ofange.  fast  to  milling,  or  along  with  ooehineal 
to  ootnin  a  bright  scarlet.    The  monlant  eni-  ' 
ployed  i»t  stannous  chloride  and  oxalic  arid  or  i 
cn-ani  of  tartar. 

On  cotton  all  the  qturcitrfm  colours  are  but 
moderately  fast  to  light ;  uu  wool  and  tiilk  the  i 


chromium,  ooppw,  and  iron  colours  are  fairly 
fast,  whereas  tlu»  aluminiom  and  tin  colours  are 
only  ffliodeiately  so* 

Olueo$ide^  oJQmrceliiu 

Rntto  was  disoovered  by  Weiss  (<%em.  Zentr. 

1842,  305)  in  the  leaves  of  a  TXXo{Rwtagrar>  ! 
[Luin.J),  and  was  subsequently  isolated  from 
capers  (CapfNirts  tpinom  [Linn.])  by  Rodikder 
j  and  Hlasiwptr  (Ann.  Chom.  Pharm.  82,  196), 
and  by  Schiiiu  k  (Manchester  Muoiuirs,  2  Ser. 
166,  122,  1858)  from  buckwheat  (Fagopyrum 
Mcvlentum    [Moench.]).    Whereas  Ulasiwetz 
(Ann.  Chera.  Pharm.  96,  123)  came  to  the  con- 
ehhsion  that  rutin  was  identical  with  qiiereitrin, 
I  it  Avas  shown  by  Zweuger  and  Dronlce  {ibid, 
1 123, 145)  that  this  oottid  not  be  the  ease,  beeanse 
n   livdrolysis  rutin  give«  queroetin  and  two 
moleculeg  of  sugar.    Schunck  (Cbem.  boc.  'irans. 
1888.  53,  262  ;  67.  30)  showed  that  the  formula 
of  rutin  is  C,7H3,0,^2H,0,  and  that  on  hydro- 
lysis It  ia  conveiteu  into  quercttin  and  2  mole- 
cules of  rhamnos^— 

C«H„0,s+»H,0-C,  jH,,0,  +2C,H,  ,0. 

Rutin,  moreover,  was  identical  with  t\ie  tophnrin, 
which  Fuc rater  (Bcr.  15.  214)  had  isolateil  irum 
the  Sophora  japonica. 

It  has  been  8ho>»ii  by  Schmidt  (Chcm.  Soo. 
Trans.  1901,  ii.  121)  that  by  the  h}'drolyais  of 
rutin  glucose  is  also  produced,  the  formula  of 
this  sMlwtance  l)Cing,  therefore,  C.jIIjqOh — 

Btttin  forms  pale  yellow  glistening  needles, 
'  sparingly  soluhle  in  water,  and  ia  said  to  raelt 
I  alx)ve  100*.    With  aleoholic  potassium  acetate 
it  give8  a  bright  vellow  monopotm>'<iHm  taU 
(Perkin,  Chem.  iioc.  Trans.  1899,  76,  440). 

According  to  Schmidt,  violaquercitrin  (viola- 
rutin)  is  identical  with  r\itni  {thid.  I!KJ8,  24t\ 
274),  and  Perkm  (ibid.  1910,  97,  1776)  ha.«<  shown 
that  oAynifin  (Co/pao«cofit|)res««m  (Berg.)  \p0yri9 
compreMo])  {ibid.  1902,  81,  477)  and  myrticohrin 
{Eucalyplus  macrwrhyncha  [F.  Muell.l)  (Smith, 
ibid.  1808,  73,  007)  in  reality  consist  of  this 
substance. 

The  dyeing  properties  of  rutin  arv  similar  to, 
though  weaker  than  tfaow  of  quenatron  bark. 
The  following  shades  are  given  on  mordanted 

wooUea  cloth 

Chromium      Aluminium  Tin  I  run 

Brown-      TnUsoMen       Lemon  I>uil 
yellow  feUow  y^Uow  iMown 

Quirrimeriirin,  CuHmOio  yellow  plates, 

ra.p.  247°-240'*,  almcst  inM>Iuole  in  boiling  water, 
is  contained  hi  cotton  flowers  {Oossypium 
herbaceutn)  (Lmn.)  (Perkin  {ibid.  1909,  96,  2183). 
and  in  the  bark  of  the  Frunut  seratina  ((]hrh.) 

iflnnemore  Pharm.  Jonm.  1010  (iv.)  31,  604). 
Jy  digestion  with  boilinp  dilute  sul]>huric  acid 
it  is  hydrolysed  according  to  the  etpi-itKni — 

C«H„0„-t-H.O=C,,H„0, 4-C,H ,  ,0, 

into  queroetin  and  glvcose.  On  mordanted 
wool  it  gives  the  fDllowing  shades :— > 

CkroH^bm  iii'MBifaiitsi  Tin  Irva 
Baddlih        Orange        Bright  Olive 

brown  yellow        orange  brown 

which  are  very  similar  to  those  given  by  quer> 
eotin  itself,  and  indieato  that  the  sugar  is 
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attiohod  to  the  phlorogluctnol  naokiu  of  this 
ouburitig  matter.   Acttyl  quercimeritnn 

C„HuO,o(C,H,0), 
needle^  melto  at  2^1°-2l6^  itoqwmtriu 

is  also  contained  in  cotton  flowers.   Tt  ooiudsta 

of  yellow  nr-Ml!.'^.  m.p.  2I7''-2IU°.  and  %vhon 
hjdrolysed  bvacid  givt-s  qnercctin  and  uIucksc — 
G.,H,«o;,-hH,0=Ui»H„0,+C,n,,0, 

It  dycH  munlanUxl  wool  shades  which  an?  en- 
tirely distinct  from  those  jjiwn  by  quercimeritrin, 
but  cloHoly  resemble  those  yieldtnl  by  quercitriu, 
and  in  thi8  case  the  KU<;ar  group  is  not  attached 
to  tbe  phlutoglaoinol  nucleus  ot  the  quoroetin 
inoleeale. 

chromium     Aluminium         Tin  Iron 
JltomUti        (iotU«n         lyemon  Brown 
jrelknr  yvUow         yellow  Ohve 

Jjicarnairin  CjiHj„0,2,3H_,0  i«  present  in 
the  'carnation  or  crimson'  clover,  Tnjoiium 
incarnaium  (Linn.)  (Rogerson,  ibid.  1910,  97, 
|tM»v  iind  forma  yellow  pri-smatic  nee<lles,  ni.p. 
lii^  -215**.  It  is  hydrol\-3ed  by  acid  acconling  to 
the  following  equation  : — 

into  quercetm  aud  a  sugar,  the  o^zonc  of  which 
melts  at  203'-SfNi*.  It  ia  not  identical  with 
quercimeritrin. 

Red  clover  flowo»(J'r«/o^iMrn  praiettst  [liuu.]  i 
also  contain  a  gfaioosida  of  qneroetin.  which 
crystallines  in  yellow  needles,  m.^  235°,  but  as 
yet  has  not  been  completely  enmiucd  (Power 
and  Salwsy  {ibid.  1910, 97. 244). 

<Hk»  sources  of  Qmtrcelin, 

HeitlNr  (Golltma  n^^oris  fSsUsb.])  in  former 

tini«  s  was  usetl  Hfs  fv  dyestuff  prodtK'in^  a  yellinv 
colour  upon  woollen  goods  (Crook*  -.  ]>veirig 
and  Calico  Printing,  1874,  611).  Alt  hough  now 
almo.Ht  suppr«<'<lc<l,  it  was  until  recently  eniployetl 
in  the  home  industries  of  outlying  districts,  such 
as  the  Hi^'hlands  of  Scotland.  It  contains 
auercetin  (iVrkin  and  Newbury,  Chem.  boo. 
Thms.  1899,  75,  837).  Aooording  to  the  late 
J.  J.  Huiniiu  l.  till-  I'n'ra  tttrnl'x  fh«ll  h*-.'i.lhcr) 
and  the  Ertca  ctntrm  contain  onW  traces  of 
yellow  colouring  matter.  Leachs  (Farben  nnd 
I'irhckunde,  2,  320)  ri  f,  t4,  the  tanning 
proj>ert3'  of  heather,  autl  uoUsi  tiiat  the  effect 
resembles  in  character  that  gromi  b\'  oak  bark. 
According  to  U.  B.  Ptooter  it  contains  6*4  p.c. 
of  tannin. 

White  clover  ( Trxjdium  repent  [Linn.] )  was  at 
one  time  employed  to  a  limited  extent  in  oountiy 
distriots  for  dyeing  yellow.   A  corsorf  esamina- 

tioii  I'f  t!n  sf  tiowcrs  by  Perk  in  and  Phipps  (i<>«y. 
1904,  6o,  o8)  has  indicated  the  presence  of 
quercetin  in  the  form  of  cluoohide. 

Podophyllum  Emodl  (Wall.)  is  a  smnll  herba- 
eeou.s  plant  whicli  grows  abundantly  in  ^'ortheni 
India.  The  root,  or  more  strictly,  the  rilisome, 
has  long  been  umhI  in  Indian  medical  practice, 
and  acts  as  a  jx>werful  purgative.  It  nas  been 
shown  by  Dunstan  and  Henry  that  this  rhizome 
oon tains  quetc^in  in  notable  amount  {ibid. 
1898,  73,  219),  and,  according  to  Hummel 
{ibid.),  it  eomiMires  satinfactorily  in  dyeing 
pruporty  with  ouercitmn  bark.  >See  also  articles, 
Okiom  SKUI8,  r£KsuN  Berbie^,  SoruuKA  Ja- 
VOMIOA,  CuTCH  {Acacia  cal€«Aa  and  Uaeoria 


gimbier)t  and  St^MACH  {Osjfrit  comprt99a,  Otyri* 
cAynaniea,  Ailanihti*  ^taidvloM,  Rhw  rhotum' 

ihema,  Arcto«(aphylos  uva  ursi).  Quern  tin  h.ts 
also  been  shown  to  exist  probably  as  glucosido 
in  tea  leaves  (HlaBiwets  and  Ualin,  Jahres.  1867, 

732);  in  the  flowers  of  the  hor-o  rhi  ^tnut 
(Rochleder,  ibid.  1859,  523);  in  the  Utik  the 
apple  tree  (Rochleder,  Aid.  1867,  731);  in  Crae- 
tofrv^  orncniuha  (may  blossom),  and  yellow 
wali-tiower-*.  Chairanthus  chieri  (Perkin  and 
Hummel,  Chem.  Soc.  Trans.  189(>,  tV.  15G8)  ; 
Eumex  obtuJtiJoUiu  (seeds),  (Perlon,  ibtd.  1897, 
71,  1199),  Delphinium  zitfa  (Asbarg).  (Pfarldn 
and  Pdgriin.  tf,nl.  ISOS.  7;{.  HSl ),  Prunu-  .-pinosa 
(flowers),  (Perkiu  and  Phipua,  ibid.  1904.  85, 56), 
and  Tkupama  lampiu  (P.        IfiOO.  95.  1859). 

A.  G.  P. 

QUERCYITE  t .  Phosphouits. 
QUICKSILVER  t>.  MBBCufty. 

QUIETOL  r.  s-  N  'HVM<  !>t;cas. 
QUILLAIA  SAPOTOXiN  r.  (Jlucosides. 
QUILLAIC  ACID  V.  GlvcosidIW. 
QUUiALDINB  v.  Qoixouhs. 

QUnAZOUME,  pAeno-miliaAfie, .  J 

N 

Prepared  by  treating  a  stnjncrly  cool,  d  nirobulif 
solution  of  o-formylamiiiuljenzylamuie  vnih 
y.mo  and  dilute  hyilrochloric  acid,  precipitating 
the  zinc  chloride  double  salt,  converting  tlm 
into  the  chromate  and  decomposing  with  33  p.c. 
aqueous  potassium  h^-droxide.  The  3 : 4-dih3'aro  - 
(|uinazoline  thus  formed  is  oxidised  to  quinazo* 
fane'  by  treatment  with  potassium  fcrricyanide 
in  alkaline  >oluiioM  (Cabri.d,  licr.  1903,  36,  807  ; 
V.  also  Bischkr  aud  Lang,  Ber.  1895, 28, 292).  It 
forms  yellow  crystals  having  a  smell  like  that  of 
naphthalene;  m'.p. -IS-IS-O  ;  b.p. 213"  772-.'>mra. 
The  alkvlquiuazolinium  i>alt«  with  metii^l  &ud 
ethyl  hatides,  prepared  by  the  usual  methods  for 
producing  quaternary  salts,  arc  stated  to  greatly 
lower  the  blood  pressure  (Gabriel  and  (Jolman, 
1)  l;  i'  itd44>l.  J.  Soc.  Chem.Ind.  1905,1031). 

QUINCE  GUM  V.  Gma. 

QUINIDTNE  V.  VKono-ax.KAi;oro8. 

QUIHINE  Vkcktu-aI-KaU'Ids. 

QUINIZARIN.      lA-Dioxunlhraqvinone  v. 

AllBABIK  A>'D  ALLIED  COLOUBIKQ  MATTBBS. 

QUINIZARIN  BLUE,  GREEN  v.  Au&uux 

AM>  ALUED  CULOUIU^O  MATTSOS. 

QinilOL  V.  Mydngmnane,  art.  Pbvkol  aSD 

rrs  HOMOLoouF«». 

QUINOLCARBOXYLIC    ACID    v.  Photo- 

CATKCHlIi     \  I). 

QUINOLINE.   Ltueolinc  C^HjU. 

HiHory.    Quinoline,  in   an  impure  form 

(* ltM)k< »1 ' ),  \\  a~  i-<  ilatrd  tlt-i  fn  coal-tar  oil  of 
high  btniing  ix»mt  by  iiuuge  (Po<:g.  Annalen, 
1834,  31,  68).  Sttbeeqaontly,  by  di.HtilUng 
quinine,  cinrhnnine.  or  strvchTiine  %\ith  caustic 
potash  GeduuUt  obtained  a  ija«*R  oil,  ciunolein  * 
(Annalen,  1S42.  42,  310;  44,  279),  Mhirh  was 
shown  by  Uofmann  to  be  identical  with  Runge'e 
baae  {ibid.  1843,  47,  76;  1845,  53.  427;  cj. 
Hougewerff  and  van  iX)rp,  Rec.  trav.  chim, 
1882,  1,  1).  The  product  from  either  source  is 
not  a  pare  substance,  but  a  mixtnre  of  quino- 
linc  with  some  of  its  homoloyues  (c/.  Grexille 
Williams,  tlhem.  St>c.  Juurn.  1872,  25,  658; 
.Tfieobsen  and  Reimer,  Ber.  1883,  Ifi,  I0H4 ; 
Kxakau,  ibid.  1885«  18,  1934^  ooai'tar  qujnolmo 
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(b.p.  230''-240'')contaiiunc;  20  2;".  p.r.  of  quinal- 
diiic  (r/.  Jacobflcn,  D/  R.-P.  239<i7  of  1882),  and, 
in  addition,  a  noteworthy  quantity  of  wo- 
quinoline  (/Vkticng.  fQr  Aniiinfab,  D.  R.-P.  40420 
of  1886 ;  UoogoMorff  and  v»a  iHttpw  Beo.  tiav. 
chim.  1885,  4,  125).  Qoinoliiw  Mid  ite  hono- 
I(.u;iH's  iil~<i  occur  in  biown  cotl  tM  (Doebnor, 
Bcz.  1805,  28,  im. 

FoemaHem, — Tne  pare  base  has  been  obtained 
fcy  distillinc  cinchonic  acid  with  lime  (Kornig!«, 
MT.  1879,  12,  98),  or  cinchonine  with  a  luixturo 
of  cauMtio  potaHh  and  copijer  oxido  (Wyschne- 
gradaky.  ibid.  1880,  13,  2318).  S>TitheticaUy, 
it  can  be  prepared  by  the  condensation  of  o- 
aminocinnamic  aldehyde  (IJat  vi  r  aiui  Drewsen, 
Ber.  t8H3>  16,  2^},  of  o-amiuobcazaldeh^de 
with  ftoeUldehyde  (Friedlaeoder  and  QohxiiiE, 
ibii*  1836.  V.  ]K  473),  or  nf  o-toluidine  with 
riyoni  (Kulisch,  Monatsh.  18U4,  la,  277); 
1^  pMfling  the  vapour  of  2-nicthylindolc  through 
a  ml-hof  inho  (Piotct,  lt>Or>.  38,  1049).  or 
allyhwiliiiu  over  heatetl  Umd  oxido  (Kucuigs, 
Ber.  1879,  12,  453)  ;  by  dry  <li«tiIiation  of 
acrolein  •aniline  (Koenign,  ibid.  1880,  13,  911); 
or,  in  about  60  p.c.  yield,  by  heating  a  mixture 
of  aniline,  glycerol,  ami  >ul}ihuric  acid  with 
oxidising  agents  such  as  nitro benzene  (Skraup, 
Uonatsh.  1880, 1,  317)  or  anienic  acid  (Knuep- 
pol,  Ber,  1896,  29.  70}  ;  D.  K.-P.  87331  of  1894). 

The  formation  of  quinolm*-;  in  Skraup'a  reac- 
tion is  preceded  by  condensation  of  the  aniline 
>vith  acrolein,  prodtu  <m1  l»y  dehydration  of  the 
glycerol ;  but  it  is  uxicertaiu  whether  this  initial 
condensation  product, formed  in  the  ptcscncc  of 
much  aoid,  is  th«  Sohifi's  base,  acrolela-anilino  (I), 
u  Skiaup  considered  probable,  or  u  an  amino* 
aldehyde  (II)— (for  Ph.  read  C,H,)— 

Ph*NiCH*UU:CU,  PhvNHUH,CH,UHO 
I  11 

as  RUggeste<l  by  Blaine  and  Mairo  (Compt.  rend. 
1907,  144.  93 ;  Bull.  S<io.  chim.  1908,  [4J  3, 
667  ;  c/.  Doebner  and  Miller's  HyntheHi.«4.  p.  472). 

Prtjmration. — A  inixtnrcof  aniline  (lOpta.), 
glycerol  (60  pt«.)  and  bulphuric  acid  (50  pt«.), 
heatifl  by  a  Kteam  coil  to  diminish  its  vi6<;o8ity, 
is  added  sbw^  to  hoiUng  nitrobenzene  (12  pta.) 
in  a  refioz  apparatus,  the  whole  boiled  for  about 
2  hours  to  coniplcte  flic  rcfiftioii,  and  any 
unchanged  nitrobenzene  rciiiuvcii  by  a  cuiTcnt 
of  air*  IVom  the  product,  rendered  alkaline 
with  cauKtir  h-cxla.  cni<lr  ((ninolinc  i.s  olitaini<l 
l>y  <listillati(Ui  with  ntcam  ami  may  l>c  freed 
from  the  greater  i»art  of  the  unchanged  aniline 
hy  fractionation.  Further  purification  is  effected 
by  oxidation  with  «lichromate  mixture,  or  by 
tniatment  with  nitrite  and  aci<l,  followed  1>y 
dint  illation  from  alkaline  solation  with  stoam 
(Sktfinp,  Monatdu  1881.  S.  141;  Walter,  J. 
pr.  Cliein.  ls9t.  [21  49.  519).  Or.  the  mixture 
of  uitiltiu>.  glycerol  and  sulphuru;  acid  ma}  Ijo 
Ixtiled  with  arsenic  acid  (29  ]>tH.)  for  2-3  hours, 
and  the  product  freed  from  aniline  as  just 
desrrilK'd  (Knueppel,  I.e.). 

PmiKftici. — Quinoline  i.s  a  colourless  oily 
liquid,  m.p.  — 19*6°  (AlUohul  an<l  Schneider, 
Zpituch.  ph\fiilcal.  Chew.  1895,  10,  24);  b.p. 
237-r  under 74rrS nil!!.  f.^'Iuinip.  I.r.).  238'unil  i 
70U  mm.  (Kahlbaum  ;  fur  vapour  preshure  at 
each  degree  between  180"  and  240*,  tf.  Young. 
Chom.  S<.e.  Tmiis.  5.">,  485):  -^p  -r.  M0>i3 

at  4  /4\  11018  at  I0710^  l-098;»  at  15  /i.^  , 
IHKMKiat  20*'/20*^(Fbrldn,  Chom.  »oc.  Tiana. 


1 1896,  69»  1214).   It  has  a  disagreeable  p(  netrnt- 

I  ing  odour,  a  bitter  acrid  ta.ste,  and  is  very 
hygroscopic,  being  converted  on  exposure  to 
moist  air  into  the  hydrate  C,H,ls4-HH,0 

I  (Hoogewerff  and  Tan  Dorp,  Rec.  trav.  chim. 
1882,  1,  9),  bat  is  only  sparingly  sohible  in 

I  water,  although  dissolved  readily  liy  the  onlinary 
oisauio  solvents*    It  diseolves  certain  metallic 

!  oh£>rides,  bromidee  and  iodides  (Walden.  Zeilsch. 

i  physikal.  Chem.  1906,  54, 181).  and  is  soluble  in 
cold  alkali  bisulphite  ii>ulutiuu£»  forming  cry'stal- 
lisablo  compounas  which  regenenite  the  haw  at 
60°-70°  (Brunckand  Graebe,  Ber.  1882, 15, 1785). 

!  Reactions. — (1)  Quinolino  is  oxidised  only 
with  difficulty  by  ( linimie  acid  mixlnn^  (r/., 

I  however,  do  Coninck.  Compt.  rend.  1898,  I28» 

I  682).    By  potMsium  permanganate  m  alkaline 

;  solution  it  Im  converted  into  qnivofinic  (pyri- 

I  dine-2  :  3-dicarboxylic)  acid,  oxahc  acid,  am> 

I  monia,  and  CArbon  dioxide  (Hoogewerff  and 
van  Dorp.  B<  r.  1870,  12»  747,  983;  Skiaup^ 
Monatah.  1881,  2,  147). 

(2)  With  ohlorine,  quinolhio  forms  neither 
additive  nor  substitution  ^toduots.  With 
bromine  it  given  a  Mrahrtmid*,  deoom]x.sing 
on  ex[M)sure  (o  the  air  into  flie  conipnuttd 
B-HBr.Br,  (Urimaux,  Bull,  Soc.  chim.  1882, 
[2]  38,  124),  wMoh.  when  heated,  is  converted 
into  Z-hromofjvirmhvr  {V\n\\s  and  T'olliseluinn. 
Her.  1888,  19,  27Wt).  With  iodine,  the  <ii- 
iodide,  m.p.  90°,  is  obtained  (Clans  and  Istcl. 

[  Ber.  1882,  15,  824).  and  with  iodine  chloride 
the  iodochloridc  BCII,  m.p.  159-5°  (Pictet  and 
Krafft,  Bull.  Soc.  ehim.  1892,  [31  7,  73 :  Chem. 

I  Fab.  auf  Aktien  (vorm.  E.  Scneting),  D.  R.*P. 

130368:  Eng.  Ftet.  9262  of  1884). 

'  (3)  By  nitration,  a  mixluif  of  the  5-  and 
H-HHroqutnoiine.«  or,  by  further  nitration,  of  the 

;  5  :  7-  and  6  :  S-dinitroquinolines  is  obtained  (rf. 

;  Dufton.  Chem.  Soc.  Trans.   1892,   Pd,  782; 

I  Kaufmann  and  Hiissv.  Ber.  1908.  41,  1735). 

I  (4)  On  solphonation  'with  anhydrosulphurio 
acid,  quinoline  yields  a  mixture  of  the  5-  and 

;  S-monofmlphonie  acids  (v.  p.  475),  or,  at  higher 
tcmpcrat uri's.  of  two  ilisuiphonie  aeid<. 

(6)  On  reduction  with  tin  (or  sine)  and  hydru- 
cMorie  aoid,  qninoline  is  oonvertM  into  the 
U'trnhi/dro-  derivative,  the  four  atoms  of  hydrogen 
btnng  taken  up  hy  the  '  pyridine  '  rinc  (Wvsch- 
negradsky,  Ber.  1879,  12,  1481;  1880,'  13, 
2 100).    On  further  reduction,  with  hydriodic 

I  acid    and   amorphous   phosphorus   at  230°, 

■  hexahydroquinoline  and  detahydrotiuinoline.  arc 
obtained   in   addition   to   other  sub«itaitceM 
(Bamlwrger  and  Lengfeld,  Ber.  1890,  23,  1138). 
By  I  it  ctrolytic  reduction,  MrahydroqtiiiicU m . 

j  '  dihvdro quinoline  '  {C,H,JJ),,  and  a  |K)lynieiHle 

i  (CjPfjN),,  are  the  pfOduct«  '(Ahren.«.  cj.  (  hem. 
Soc.  Alwtr.  1897.  72.  i.  369:  Mer- k.  1).  H.-P. 
!J03U8of  1896;  lU  lHt.t:  Ene.  Pat.  21  471  of  1898). 

WTien  quinoline  i-j  Inaicd  with  l\Mlrugen 
and  nickel  oxide  at  240"  under  110  atmos., 
tirut  tetrahi/dro'  and  then  deraht/dro-fpiififiinn  nm 
obtained  (Ipatiow,  Ber.  1908.  41.  992^,:  l.ut 
when  a  mixture  of  quinoline  vapour  and 
hydrogen  in  passed  over  reduced  niokcl  at 
I'iUi ' -2S(r.    the    profluct.s    are  2-wrthi/l'iirfn!r. 

'  mtthyl-n-UAuttlttH,  anil  o  inliiiduir  ( l*a<ii>a  and 

ICamuhi.  Atti  Luicei.  1906,  |5]  15.  ii.  113). 

(<})  As  A  ti-rtiary  Ixi-t  .  rjuhiuline  with  alkyl 
iodides  forms  quateniary  ammonium  (quino- 

'  liniam)  compounds,  which  in  alkaline  solution 
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vie)d  2-BlkyI-qainoIone8  mixed  ynth  totrahydro- 

1-alkylqninolines  {v.  p.  481). 

Sniff. — As  ft  niono-acifl  base,  quiiioline  fur- 
iii>hi  -  iiiHiiv  >nlt8,  but  onlv  a  few  can  Ijg  mcn- 
tionetl  hor(>.  The  hydrochloride,  B  HCl  +  iH,0, 
forms  deliquesicent  i)risms.  m.]).  94°,  or,  when 
anhydrt)us,  in. p.  13-1"  (Eckstfin.  Bcr.  IDOO.  ;U>. 
2136) ;  the  chromaU,  B^-HgCraO,,  chaxacterifltic 
yellow  needks,  m.p.  164M67^  sotable  in 
275  pts.  of  water  at  10*5°  (Hoogc\\erfF  and  van 
Dorp,  Rec.  trav.  chim.  1882.  1,  IIJ;  the 
jneroie,  yellow  needles,  m.p.  203",  from  oensene 
(Goldschmiedt  and  Sdunidt,  Monatsh.  1HS2,  2, 
17) ;  the  nad  oxalate,  l^■(^^\iJO^,  r*ilky  ntt-dJes  ; 
and  the  tartrate,  B,(C4HjO,),,  needles,  decomp. 
125°,  from  alcohol  (Friese,  i3cr.  1881,  14,  2805). 

The  j^initMaride,  B,H,Pta,+2H,0, 
Heimrates  from  hot  dilute  hydrochloric  acid  in 
orange-yellow  needles,  m.y.  218°  (X^eUiuann 
and  Alt,  Annden,  1887, 237,  323 ;  r/.  Eokstem, 
|,e.),  soluble  in  1200  pto.  <tf  cnid  M.ifcr;  the 
aun'cA/orirfc,  B'HAuCI«.  ycUow,  H|>aringly  soluble 
needles,  m.p.  235''-238-.  convertible  mto  the 
'abnormal*  salt  ( BIK 'l),Au('l,.  m.p.  180* 
(Feuner  and  Talel.  Jicr.  1899.  32,  3227). 

Qttinolinc  combines  with  many  salta  of 
heavy  metals,  formins,  in  the  case  of  chlorides, 
oryHtalline  compounds  of  the  type  B'HgClj, 
B-CVlClj,  &c.,  which,  by  hydrochloric  acid,  are 
converted  into  the  corresponding  double  salts, 
(B'Ha),-HgCI,-f2H,0,  (B-Ha)-Cda,-fH,0, 
Ac,  identical  with  those  formed  fn»m  quinoline 
hvdrochloride  and  the  metallic  chloride  (Bors- 
bkch.  Bcr.  189(»,  2:!.  i.Jl).  For  summaries  of 
til"  .  '  quinoUdes  '  and  double  saltH,  aLso  of 
addun  e  compounds,  buch  as  B-Br,,  (B-ilCl)-Br,, 
Ac.,  which  quinoline  forms  with  the  halogens, 
reforenco  should  be  made  to  Beilstein's  Hand  buch. 
The  tXloroiodide,  CiH^N-ClI,  was  at  one  time 
pro}K>8ed  as  an  iodoform  substitute  under  the 
name  *  quinoiodino  '  (Chem.  Fab.  auf  Akticu. 
(vorin.  &  Sobering),  D.  R.-P.  90858 ;  Eng.  Pat. 
9252  of  1884). 

Detection. — For  the  detection  of  quinoline, 
the  moftt  Hcnsitive  reagent  (1  in  25,000)  is  a 
K«dution  of  i>ota.'^sium  iodide  (7  grnw.)  and  iodine 
(5  grms.)  in  water  (100  grnis.),  which  gives  a 
reddish-brown  precipitate  insoluble  in  liydro- 
chloxio  aoid;  the  most  characteri.stie  (I  in 
3600)  is  a  solution  of  potassium  iodide  (5  grms.) 
and  mercuric  chloride  (1*4  grm.)  in  water 
(100  grms.},  which  produces  a  ycUowiiih- white 
i)ri>cipitate  tnuutformed  by  hydroclilorio  aoid 
into  thin  ambor-yeUow  neediea  (Dooath,  Ber. 
1881,  14.  1771). 

Constitution  of  Qt  inoline. 

Acrordinir  to  Marckwald,  the  VK»st  available 
expression  for  tlie  molecular  count itution  of 

?uin««line  is  that  Huirgt  sted  by  Kiirner  (formula 
),  which  represents  the  molecule  as  composed 
of  a  benzene  and  a  pyndiiM  nacleus  having 
two  carlxm  atoms  in  oommon 


Two  other  formulu-  have  IxM-n  suiivre.-'tcd,  one 
of  them,  in,  by  Ricdcl.  t.i  di>]>Iay  tlie  relation- 
ship of  quinoline  to  aeriiline  (Ber.  1883, 
1609)' ;  and  the  other  by  Bamberger  to  meet 
objections  raised  to  the  alternate  single  and 
doaUe  Unking  of  the  valencies  of  carbon  and 
rutrogen  shown  in  Ki.mer'.s  formula  (Annalen, 
1890,  257,  20).  But  while  quinoline  in  some 
respects  has  the  properties  of  an  oriilo-deriTative 
of  In-nzene  and  of  pyridine,  in  others  it  nhowH 
marked  differences  from  them.  It  is  supposed 
that  tbeee  differences  arise  from  the  influence 
of  each  unsaturated  ring  system  on  the  other, 
as  they  disappear  when  the  unwituration  of  one 
ring  is  destroyed,  t.g.  by  oxidation  or  by  reduc- 
tion, the  product  then  exhibiting  all  the  charac- 
teristies  of  a  derivative  of  the  other  (r/.  Bam- 
berger, I.e.). 

Conventionally,  when  the  object  is  merely 
to  show  the  relative  poeition  of  substitaents  in 
the  molecule,  quinouno  is  represented  by  a 
double  liexagon  with  one  side  in  common, 
formula  II  replacing  formula  I.  The  orientation 
of  suhK<tituents  is  also  indicated  by  the  use  of 
distinctive  prefixes,  letters,  or  numerals,-  thua — 
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System  TV  was  introduced  by  O.  Fischer  (Ber. 

1H84,  17,  755,  footnote  ;  cf,  Skraup.  Mniwit^h. 
1886,  7,  167);  system  V  by  Baever  (Ber.  1884, 
17,  900);  and  system  VI,  which  is  nowtiie  only 
one  n  i  I >_'iiise<l,  by  the  Geneva  Congress  on 
Nomenclttlure  in  1892  (Chem.  News,  ti.'),  280). 

Kijmer's  view  of  the  constitution  of  quinoline 
finds  support  in  many  sjTithescs  of  the  base  or 
its  derivatives,  and  in  the  study  of  the  oxidation 
products  of  these  substances.  For  example., 
quinoline  and  qninaldine  have  been  prefiaved 
from  o<«minobencaldehvde  bv  condensation 
with  aoetaldehyde  and  with  ad  toiir  res]>i  <  - 
tively ;  each,  therefore,  contains  a  six-mombered 
carbon  img  to  which  the  second  ring  is  attached 
in  the  ortho-  ]X)sition.  When  oxidised  by 
permanganate  in  alkaline  solution,  qumuline 
gives  pyridine-2  :  3-dicarboxylic  (quinohnic)  acid 
(HwgeuerfT  and  van  Dorp.  Ber.  1871»,  12.  747, 
983;  Skraup,  Monatsh.  1881,  2.  147),  but 
quinaldino  is  converted  into  acetyl-o-amino- 
benzoio  aoid  (l>oebner  and  Miller,  Ber.  1882, 
15,  3077). 

Orientation  in  the  quinoline  series  is  usually 
determined  by  oxidation,  with  the  production 
either  of  a  substitnted  phthalic  acid,  or  of  » 

substituted  p3-ridine-2  :  S-dicarKixylie  fquino- 
linic)  acid,  the  constitutiun  of  which  is  known 
or  can  be  ascertained  (c/.  Miller,  Ber.  1800,  23, 
2252  ;  1891,  24,  IIMH)).  If,  however,  disruption 
of  the  ruig  containing  the  substituent  occurs,  a 


CH  m 
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<  According  to  TieUsBaan  two  Isomsrte  aiis-  (or  B*) 
qutaiollaecarbmciilo  adds  (Anaslen,  1887,  SS7,  825), 
qutaiolUiesuIplioDle  adds  (Bsr.  1887,  20,  2172).  and 
qubMriloenttrUes  (Ber.  1888, 21, 807)  exist,  ttwliwnerism 
being  referred  to  the  presettoe  In  the  one  series,  and 
absence  in  the  ether,  of  ttie  pars*  link  ins  between 
carbon  and  nltmgen  shown  In  fonnnla  III. 

«  In  the  publications  of  the  Chemical  Society,  the 
positlom,  Btortins  with  the  nitrogen  atom,  were  at  one 
time  numbered  r,2',8',«',UiaMinthe  other  ling  bdng 
numbered  1,2,8, 4. « 


Digitized  by  Google 


QXnNOUNE. 


471 


synthetical  method  may  afford  the  information 

rcquittxi.  For  derivatives  oontaininp  the  sub- 
titituent  in  the  'benzene'  ring,  Skruup'ti  syuthc- 
tical  method  Ls  invaluable,  as  the  interpretation 
of  thfl  rMult«  is  free  from  ambiguity  esoept  in 
the  case  of  syntheses  from  infto*  tabititnted 
anilines,  which  may  tiivo  rise  to  both  rneia- 
and  ana-  derivatives  of  quinoline.  Methods  for 
meeting  this  diiBeulty  have  been  devlMd  by 
8kranp  and  Brunn.  r  (Moimtsh.  ISSfi.  7,  HOI, 
Tortelli  (Gazz.  cbim.  »ul.  1666,  Iti.  330).  ami 
liBllmann  aad  Alt  (.\nnalen,  1887.  237,  315) 

Comparison  of  ihc  propetiitt  of  quinolint  and 
naphthalene. — li\  quinoline,  which  differs  struc- 
turally from  naphthalene  by  containing  a 
tervaknt  nitrogen  atom  in  plaoe  of  one  of  the 
tt^methenyl  groups,  certain  of  the  dtatacteristies 
of  thia  hydrocarbon  are  reproduced.  Thus.  S- 
aniiuociuinoline-4-carboxylic  acid  yields  an 
internal  anhydride  (Kocnigs  and  Lowow,  Bcr. 
1899,  32.  717)  ;  and  lakes  are  formed  by  8- 
hvdruxyquinolinos  but  not  bv  their  isomorides 
(Noeltingaadltautmann,  ibid.  1890,  23,  3660). 
But  the  presence  of  a  nitrogen  atom  in  one  of 
the  rings  dcstroj-s  the  symraetry  of  the  mole- 
cule ;  consequently  tin-  nuinlK-rof  nioiHi-sui>;^t i- 
tution  derivatives  becomes  seven  instead  of  only 
two  as  in  naphthalene.  Moreover,  leaetivity, 
associated  in  naphthalene  with  the  o-  (1-,  1-,  .'5-, 
or  8-)  poiiition  is  restricted  in  quinoline,  a»  ia 
pyriiliiK'.  to  the  2-  and  4-  po.-itii.ns  {ef.  inter  alia, 
Koonigs,  Ber.  1001,  34,  4326;  Ephraim,  ibid. 
1891,  24,  2818  ;  1892,  25,  2706  ;  1893,  26,  2227  ; 
Henrich,  ibid.  1899.  32.  874),  and  to  these  in 
an  approximately  equal  degree  (c/.  however, 
Koenigs  and  Mengel.  ibid.  1904,  37,  1323).' 

The  orlcMtatiii;^  cfTict  nf  thr  cyclic  nitrogen 
atom  in  quinoline  resembles  closelv  that  of 
the  nitrO'  group  in  a-nitronaphtluueoe.  For 
exanijiK  each  directs  the  NO,  or  the  SO,H 
gruup  into  both  the  5>  and  the  8-  position,  this 
being  true  also  not  only  of  quinoline,  but  of  it's 
derivatives  so  long  as  strongly  '  positive '  {e.g. 
OH  or  NH,),  or  strongly  'negative '  {e.g.  NOj  or 
SO;,H)  mdicles,  which  themselves  exercise  a  di- 
recting iufluenoe,  are  absent  from  the  molecule 
{Decker  and  Kaufmann,  J.  pr.  Oum*  1911.  [2 J 
84. 238 ;  Decker  and  Remf  ly^Ber.  1905^  38, 2774). 

UsBS  or  QwoLntB  DnovATxvBS. 

Quinoline  d<>rivatives,  in  addition  to  their 
limited  utie  in  the  manufacture  nf  dyt --^tufifa 
(r.  Cyaninejf,  p.  481),  have  fuujid  employuient 
as  antipyretics  and  antii^eptics.  Quinoline  and 
6>methoxyqainoline  ace  decomposition  products 
of  ofaichomne  and  qninine  respectively;  in- 
vestigation of  the  antipyretic  prop^-rties  of  these 
products  showed,  however,  that  the  speoitio 
action  whioh  renders  quinine  no  vahiablo  in  eases 
of  malaria  is  not  posHetjsed  by  them  (r/,  Stock- 
nwim,  .1.  PhvsioL  1894,  15,  245  ;  Fiihner,  Atch. 
i'xp.  Path.  Fhara.  1906,  55,  27);  also  that 
6-methoxyqiiino1ine,  which  might  be  expected 
t<»  excel  quinoline  in  thi«  ri'spect,  is  the  weaker 
nntipyn(ii  nf  the  two  (Jaksch,  Prager  mcd. 
VVochensch.  1881,  Ho. 

McKendriek  and  Doimr  having  shown  that 

'  Sii-<  .  jii  il  .ilit  \  <  -  I  I  lie  nil  t  h  \  l.|niiii  iliiK  to  oxidat  ion 
by  rhroniK  .-irjil  .[.x-s*  not  i<'lli  i  in,  i  ui...  Imt  dlininisJu's 
In  Ihf  ortl«  r  I.  c.  7,  H,  4,  .i,  _'.  th.  m.  th  vl  k:roup  in  tlie 
6-  ptMitiou  bcintf  the  mmt  and  that  in  tUu  ixwitiou 
bsing  the  lasst  tsaotlve  (Jfiltor,  1^.  1800, 23»  SBuO). 


reduction  (hydrogenation)  intensified  the  physio- 
logical ofifoct  of  bases  of  tho  pyridine  and  quino- 
line aerios  (Roy.  Soc.  Proc.  1874,  22,  290),  the 
phyolologioal  action  of  the  tetrahydroquinolines 
was  examined,  but  tho  rcsulta  did  not  fulfil 
expectation.  Tlie  best  known  of  these  reduction 
products,  kairoline*  thalline,  and  kairino  : 
H  H  H 

SalioUoe.  IhsUlne.  Kaldaa. 

)ifi%»«  marked  antipyretic  properties — those  con- 
taining a  methyl  giroup  in  the  1-position  being 
the  more  valuable  (Filehnc,  quoted,  Ber.  1883, 
IB,  719,  739)— bat  tbey  all  lack  the  apeoifio 
iin.)])erties  of  qnfaifnc 

The  relutionahip  of  4-phenylquin()liiio  to 
a/>oquinenine,  and  thoreforo  to  the  cinchona 
alksloidfl  (Koenigs  and  Nef,  Ber.  1886.  19, 
2127;  Koonigs,  ibid.  1894,  -27.  :  Koenigs 
and  Meimberg.  ibid.  1895,  2b,  104.))  iod  to  tho 
investigation  of  6-methoxy-  and  other  deriva- 
tives of  this  base  (Koenigs  and  Jae^d,  ibid, 
1896,  28,  1046 ;  Meister,  Lucius  &  Briinmg. 
D.  R.-l\  TillV:}.  71)H71.  S0501  of  1S!>4),  but 
although  certain  of  them  are  antipyretics,  they 
are  useless  agahist  nudaiia,  and  give  rise  to 
(lanL'CToiiH  After-effects  {cf.  Mannabcq^,  Deotcoh. 
Arcii.  klin.  Med.  1897,  59,  185). 

Another  gionp  of  derivatives  investigated 
in  this  connection  are  the  quinolin(>  analogues 
of  phenacetin.  Analgeu  (S-cthoxy  S-acetyl- 
)  aminoquinoline)and  benzanalgon,thebenroyl- 
I  derivative,  have  antipyxetio  and  antirheamatic 
properties,  whioh  are  shared  by  the  6-ethoxy- 
derivative,  but  their  insohiMIity  in  water  and 
uncertainty  in  action  render  them  useless  iu 
medicine. 

Quinoline  inhibits  putrefaction,  but  not 
alcoholic  fermentation  (Donath,  Ber.  1881, 
14,  1769).  Crurin  is  the  bismuth  compound 
of  quinoline  thiocyanate,  for  which  antiseptic 
properties  have  been  claimed  (Edinger,  D.  R.-P. 
80768,  86251 ;  Eng.  Pat.  18516  of  18!»4  ;  D.  R.-P. 
86148  of  I896K  -As  iodoform  substitutes, 
vioform  (lodo-5.chloro«8-hydroxyqiiinoline), 
lore t  i II  (7-i()il<'-S-}iy<lroxyquinoline-r>-sul phonic 
acid)  and  other  similar  compounds  have  been 
proposed,  but  have  fonnd  no  pennancnt  applica- 
tion in  surgerj'. 

The  following  quinophenol  derivatives  arc 
disinfectants:  '  Quinosol,'  prepared  by  heat- 
ing 8-hydroxyquinolino  in  alcoholic  solution 
with  potassium  pvrosulphate,  and  'oxyquina- 
septol'  (diaplitlu'riii)  odtained  by  ncnting 
8-hydroxyquinoline  with  uhcnol  and  diluted 
sulphuric  acid  (Lomback  ana  SoUelQlier,  B.  B.-P. 
731 1 7  of  1882 ;  Eag,  Bats.  7803  of  1891 ;  21968 
of  1802). 

SVNTHBSES  OF  QtHNOIlNK  DeUIVATIVKM. 

(i.)  Preparation  o/   derivatives  coiUuining 
mdme*  tttbkiUUed  in  fas  *  6ei«sene  *  auefeifs. 

Skraup's  synthesis.  The  di«cov«Ty  that  not 

otdy  iH  quinolino  pni<iiice<l  by  heating  anilino 
with  KlyecnU  and  sulphuric  acid,  but  that  tho 
yield  is  much  increaseu  l)y  tho  addition  of  nitro- 
beuz4>nu  to  tho  mixture  (Skraup,  Monathh.  ISSO, 
l»  317),  led  to  the  cxtcoskm  of  tho  method  to 
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hoiiKilogui-^  of  luiiliiH  citlirrin  the  |)n'p>ence  of 
the  oorrcsponding  mtro-  derivatives  (Skxaup, 
ibiiL  1881,  8.  139;  Sohloaaer  and  Skraap. 
ibid.  518).  nr,  for  all  primar>'  aromatic  amines, 
in  that  ol  nitrobuiizi'iie  lLa  Coste,  Ber.  1882, 15, 
558).  From  o-  and  p-  su liHtituted  anilines,  8-  and 
Ci-  derivatives  of  quinolines  are  n'sprctivi  ly  nh- 
tained,  but  from  m- substituted  aniliius  a  mixture 
of  the  5-  and  7-  derivatives  is  usuallv  formed. 
In  this  mixture,  one  of  the  iaomericiee  oocurB 
in  much  larger  proportion  thmn  tbe  other,  hues 
cotiiainiiiii  '  jxi.-^it i\ «■  '  radicles,  e.g.  m-toluidiiir 
or  m-aminophenol,  giving  chiefly  the  7*  deriva- 
tive, but  tho«e  containing  *  negative'  radidea, 
e.g.  m-aminobeiizoic  aeid  or  rn-aminobeaaane> 
isulphuaic  acid,  mainly  the  6-  derivative. 

PrtKf  SM. — Except  as  tegMda  the  temperature 
at  which  reaction  onsuos,  there  is  nothing  to 
add  to  tho  de8cri|)tion  of  the  process  given  on 
p.  4<i9.  The  yirlis  arc  satisfactory,  l»it  the 
general  use  of  uitrobenzeue  a^  an  oxidising 
agent  is  open  to  the  objection  that  a  certain 
amomil  of  quint»liti«!  will  always  fivrmod 
(c/.  Skraup,  lier.  1882,  15,  897),  and  as  a  ftiil>- 
atitute,  arsenic  acid  has  manv  advanta<L'<  s 
(Knuepix«l,  ibid.  189().  29.  704;  iJ.  R.-P.  .S7334 
of   18!M).    Other  suljstitutes  nro  piciic  ucid 


(Nocltint;  ami  Trautmann,  B<  r.  1800,  23,  3663 1 
Kaufmonn  and  Hliaav,  ibid.  1908,  41,  1730). 
and  the  Tai«  earth  oxidea  and  sulphatea  obfeftmed 

from  rommcrcinl  eorium  oxalate  (Mw-TgftlMyhftfti 
J.  pi.  Chdii.  I'.Mil,  [2J  70.  129). 

(ii.)  J'n  fMinilinn  of  alh/l  derivative  contain' 
ing  the  alii  !  :  ■:<!''  '■■  tM  tl'-  '  j-";ri'f.''r  '  'o-^. 

(1)  Doebner  and  Milier  s  synihesis.  W  hvn 
glj'cerol  is  replaced  by  glycol  in  the  Sliraup 

I  reaction,  quinaldinc  is  the  product  (Doeiner  and 
Bfiller,  Ber.  1881,  14,  2813),  and  the  same 
rt'Mult  follnw.s  the  iis«>  of  |»;iriilil«liy<lf,  acetal 
{tbid.),  croionic  aidohvde  (Skraup,  ibid.  1882, 
15,  897).  or  lactic  aciil  (Walkch  and  W&sten, 
ibid.  18sn.  IG.  2007).    The  reaction  is  due  to 

!  the  conveiiiion  of  each  of  thcBC  substitutcid 
(except  crotonic  aldehyde)  into  aoetalddiyde, 
but  tho  nature  of  the  interaction  betw«eo 

<  aniline  and  aldehyde  in  the  acid  solution  has 
Ucn   variuii-sly  explained.    The  formation  of 

;  a  Schiff  a  baae  with  crotonic  aldehyde  or  aldol 

'  would  lead  nornudly  to  the  production  of 
lopidinr  instead  of  quinaldinc ;  tfu  n  f>nx-  it  \in> 
\«im  suppose*!  that  the  condcnsatiuti  occurs  in 
the  manner  representvtl  by  the  equations 
(a)  or  (/>) — leading  to  the  formation  of  the 

I  interniLHliato  compound— 


(a)  C.HB-NHs+CHMcit^H-CHiN  C.H.X.  „ 

(b)  C.Hj  N :  CHMe+CH,  CH : N«C,H,    y1  '"•"**^NH-CHMe-CH,-CH  :  N-C,H, 

{(a)  "Rischler.  Ber.  1892,  25,  28G4  ;  (6)  Miller,  '  rcmd.  nsation  pntduct.  its  foiiiialioii  V  iii.^  duo 
ibid.  1S91.  24.  1720;  1892,  25,  2072;  Miller  cither  (c)  to  an  interaction  between  acctAldchydo- 
and  Pl..chl.  ibid.  \HW\  29,  SO).    On  the  other  anil  and  aeetaldehyde.^  or  (d)  to  interaction 


hatid,  it  is  pfii^^iMc  that  (lie  unsatumttMl  aldehyde 
rather  than  Miller's  and  Bischlcr's  intermediate 
compound,  whiob  is  its  anil,  is  the  initial 


l>ftwrrn  nnilitif  and  rrofnnic  aldehyde  (Blaise, 
and  Maire.  Bull.  boc.  chim.  190S,  [41  3, 
667>- 


(e)  C«H«<N:Cinie+CH,'CBO  y 
(i)  C.H,'NH,+CHMo:CH  CHO  /    *  •^WH  CHMe  CB,  CHO 


As  quinaldine  is  formed  when  a  mixture  of 
anilino  and  aldol  is  heated  with  hvdrochloric 
acid  (JA.ebncr  and  Miller.  Ber.  1883,'  10,  24«5), 
thr  prescnoe  of  nitn«bi'nz<.*ne  is  ikh  iH  <f.-Hary 
for  tho  proprtfHS  of  the  reaction,  which  other- 
wise 18  similar  to  that  of  the  Skraup  con- 
densation. 


From  substituted  anilines,  such  as  amino- 

phcTin!.*  and  nnii!ml*n&)ic  acids,  quinaldines 
cotitHiiiiiig  ««ub$itituent8  in  the  '  ben7.enc  '  ring 
are  i>l>taine<l  (Doebner  an<l  Miller,  Ber.  188C 
17,  939,  1705;  t'hrtti.  Pah.  auf  Aktien.  (vorni. 
E.  Sehering).  D.  Li.  V.  24317  of  1882;  Kng. 
Pat.  956  of  1883;    D.  R.-P.  29819  of  1883), 


The  aldol  hasca  produced  in  reaction  (c)  or  ^  and  with  reference  to  these  it  may  be  noted 
(d)  ahm  undergo  condensation  when  heated  at  I  that  m-  substituted  aniKnes  seem  to  give  exohi 


2'W>°.  till-  ])nMliirT  ron,-i<tmg  of  the  quiiioliro 
derivative  an«l  liie  c<(m'8pondh»g  tMiuh^dni- 
flenated  base  in  molecular  proix»rtion  (Jones  and 
Evans.  (Iirm.  S*)e.  Trans.  1911.  99.  334).  The 
pnqwrt  ion  of  the  t«'l  ruhydro-«leri  vat  ive,  however, 
is  not  so  larg»*  when  the  con«lensiition  is  effected 


>iv<  iv  7-  and  not  6-  di  livalives  of  quinaldinc 
(Wbner  and  Miller,  Ber.  1883,  16,  2471; 
Harz.  ibid.  1885.  18,  3398;  </.  also  Boisehe, 

tbid.  1908.  41.  Xm). 

If  the  akit'hwic  use«l  ui  Doebm  r  iind  Miller'd 
s\Tithesis  be  replaced  bv  a  mixture  of  a  ketone 


und<>r  tho  ueual  oouditionB,  as  a  portion  of  the  OU,'CO'li,  and  an  aldehyde  in  molecular  pn>- 
>i>  drogeo  shown  in  the  equations  is  used  in  portion,  4-R-qujnoline  derivatives  ate  obtained, 

an  unaatuiated  ketone  poaniUy  being  tonmd 


1  •■<itirin;_f  fhr  aldehyde  to  nlvoliol.  wliirli,  in  the 
jii  I  -I  III  t  of  the  acid,  interacts  with  the  substituted 
iiiiihh''  forming  a  .secondurv  bas*^  (Doebner  and 
Mill.r.  Her.  ISSI.  17,  Itili.S).  The  reaction  is 
jipplirablc  to  all  ahbliviks  of  the  general 
lonnnia  ( '11  (  HO  (Miller,  Ber.  ISS"..  IS, 
33(iO),  or  to  unaatUEttted  aldehydes  of  tho 
Rfncral  formula  CHjR'GH :  CR'-CHO,  and  kads 
tothi-  ))ii.d(it  t  ion  of  (.itiirr  2- or  2  :  3- derivatives 
oi  quiuoline,  an  shown  in  equation  (6). 


>  AccordiiiE  to  MOkir  and  PKdiL  three  products 
are  obtatned  by  tbe  ooodeoBatlon  of  m-xrlioina  and 

nretaldflhyde,  acoordiog  to  the  condittons  (II  Ikeink' 
III©  m-xylktinyl  radlclf*).  vis.  In  ethereal  solution  the- 
Sriiiti's  lia'-e  1:  in  wnnnuqiit-oiigaoluUonitspoljrmeriiie 

II;  in  liy.lnM'hlunc  :ici<l  .solution  Its  eOOdsnsstiOD 
urodiirt  with  acctaldi^yde  111. 

JIKHCH-CB.  lUm-CH'CB. 

BITiClK  If,  OCIITH, 
I  II  ill 
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as  an   iniormediftte  pfoduoi 

id),  p.  472) 

CH.  CHO+Mfi  CO  R      C'HMe :  CH-CO'R 
CJB.*NH,+CIH1I« :  CH-OUR 

-^c.H.<j$'f^;SS;>+H,+n.o. 

(Bcver.  J.  pr.  Cbem.  1886,  [2]  31,  48  ;  32.  127  ; 
Vm,  \2]  33,  880). 

A  Himilar  condonsation,  with  the  produc- 
tion of  dorivativoB  of  quinoHne-4^rboxyUc 
(cinchoiiir)  acid,  onsucs  \vhcn  ]i\  rwvio  acid,  an 
akbhyde  aud  Auiliue  aro  warmed  together  in 
■looholio  Mlntion  {Bottinger,  Annalen.  1878, 
191,  321  ;  TJocbnor.  ibid.  1887.  242.  270 ; 
1888, 249,  98;  Pict«t  and  Mi»ner,  Ber.  1912,  45, 
IWl).  Tho  course  of  this  leaotion  may  bo 
rpprcsontoil  (hiiH  (r/.  rqtmtion  fr),  p.  472) — 
r.H.  NU.+K  UHO  (J-U.  N  :  (JHR+HjO 
I  ,H,  N  8 CMB+(  H,  C!0-CO,H 


( iiliir  proportion  is  warmrd  for  some  hoUM  with 
concentrated  hydrochloric  acid : 
C-H,'NH,+lto-CX)-OH,'00-CH, 
H 

"^If :  CMe-CH,-CO-CH,+H,0 
C(CH,) :  CHs 

X  :  (JMc— 


+H,0 


C,H 


H 


(Beyer,  Ber.  1887.  20,  1770;  Combca,  Compt. 
rand.  1688,  108, 148;  1888,  108,  1252). 

(3)  FriedlMnder*8synthesto.  Tli.- •limliuftion 

of  hydrogen  ia  avoided  also  if,  instead  of  aniiino 
and  a  diketonc,  a  mlztnro  of  an  o-keto-eabetitlited 
aniiino  and  either  an  alddiN  (lf>  or  a  kf>tono  is 
u»e<l,  tho  comlonsatioii  proceeding  wilJi  such 
rfudiiK's.s  that  tho  interacting  Kubwtancoa  need 
only  bo  (lixMolved  in  water  or  aqoeoiu  aloohol, 
and  warme<l  with  a  few  diope  ot  dilute  OMUtIo 
soda  Kolution.  ^^'ith  o-aniinolieazMldehTde,  the 
reaction  may  be  ic])ic«entcd  by  the  equation — 
CHO 


NH-CHRClI,(.OCUjIi 
->  C.H,<^<P(?,»"J:i^>+H.+H,0 

(8iinon  and  Mauguin,  Uompt.  rend.  1U07,  144,  I 
1275;  Borsobe,  Ber.  1806»  41,  388B). 

PrortM. — To  prepare  quinolino  derivatives 
by  l>()cbncr  and  Miller's  method,  aniline  or  tho 
Hubstituto<l  aniline  is  mixed  with  twice  its  weight 
of  fuming  hydn>chlorio  acid,  and  the  requisite 
quantity  of  aldehyde  added  gradually,  care 
fwing  taken  to  iivoid  rise  of  ti-itiiwratiir<'. 
If  a  i9-hydroxykctono  is  to  be  used,  tho  mixturtj 
of  ketone  and  aldehyde  leqnired  for  ita  pro- 
lu'  tioii  must  lie  polymerised  by  menns  of 
hydrogen  chloride  Ixifoce  it  is  addoci  graduallv 
to  tho  mixttire  of  aniline  and  hjrdroohloiio  acid. 
After  being  heated  for  many  hours  on  a  water- 
bath,  tho  product  is  digested  \\ith  water,  the 
ffltnrike  tendeied  alkahne  by  caustic  so<la 
solution,  tho  precipitated  fawwe  freed  from 
liccondary  amines  by  trMtment  in  aefd  eolntton 
with  nitrite,  nnd  tin-  quinolino  derivative 
ponfied,  eitlker  by  fractional  distillation  or  by 
into  the  sparing^ly  aofaible  erystalUne 
pi'iaf.-  [rf.  Tlarz.  Bor.  1885,  18,  3384;  Miller 
and  Kjnkelin,  tlnd.  I88«.  19.  527;  Schultz, 
9M.  I8H3.  16,  2600;  1884,  17,  1965;  Actieng.  i 
ffir  Ardlinfab.,  D.  R.-P.  28217;  Kng.  Pat.  I 
4207  oi  lHb3:  Beyer,  .1.  pr.  (^hem.  1880,  [2] 
38^  401  ;  Reed,  ibid.  1887,  [2]  .35.  299  ;  Farhw. 
Tonn.  Meister,  Ludua  &  Brilning,  i>.  R.-P. 
36133  of  1885). 

(2)  Beyer's  synthwfc^  In  tho  DocIjik  i-  mid 
Miiier  reaction  both  hydrogen  and  water  are 
eliminated  in  tlw  eondensation.  If  a  /l-dik(^ton(> 
iH  U8C<!  instead  of  thn  ^  hydroxyaldchvile  or 
S-hy«lroxyketone,  hydiom  ii  rcrtws  to  fjc  one 
of  the  products,  and  the  \  iold  of  quinoUue 
denv.tfi%'r*  is  improved.  To  bring  aliout  the 
condensation,  tho  product  obtained  by  heating 
a  mijEtttie  of  aniUne  and  the  diketone  in  inolo- 

'  ThU  viowof  thp  reaHion  t«Hiii)ix)rtc<l  by  tin'  kn.twn 
behavtoor  of  ^-aiilUnoethyl  eUtyl  keluue  whcu  beuted 
wttb  anUlne  bTdroehlorlde 


CB,'CII,'CO'ltt 


Cs^e<Sl 


-N:blI-^+''t+Mi^  I  aniline  in  molecular  proportion  i«  heated  at 
iUalss  and  Malm,  BeO.  8oo.  cWm.  IMS,  (4)  8.  W7).    <  120'»-1S0'*  under  prciwuto  for  many  hours, 


in  which  R  and  R'  can  bo  hydrogen  or  alkyl 
radicles.  As  in  the  JDoebnor  and  MiUor  reaction, 
an  aldol  ixjlymerisation  probably  enstios  as  an 
interme<liato  stago  (Fi  i(  dlaondcr,  B<  r.  1S82.  15, 
2574;  Friedlaouder  and  Qoiiring,  ibid.  1883, 
16,  1836;  1884,  17,  456). 

Fi'  rr,  r^-;iiiiiiu)ji<-<-f oji1n'nnnn  nr  o-aminn- 
lx!n2oi)ii(noue  ujul  mellkyl  4*lk>l  ketoju-:*.  under 
similar  conditions,  derivatives  of  4-methyl-  or 
4-i>h(  n\  l-f|uinclinc  r  un  be  pr»jduced  {(!( i^y  and 
KiiutuKd,  U^r.  1H8J,  18.  240fl;  O.  iuticlier,  ibid. 
1880,  19,  1037). 

Isatic  acid  aUo  iutcraota  similarly  with 
ketones,  their  t^onitrom-  derivatives,  ketonie 
acids  or  aMoxiturs.  tuniishing  derivativea  of 
quinoline-4-carboxylic  (cmchonio)  acid — 

^•^«<NH.^^*  +  »•  CO-  (  H, 

(Pfitzinger,  J.  pr.  Chem.  1886,  [2]  33,  100$ 

IHSS.  f2t  r?S.  r,S2  ;  1K!»7.  [2]  .'>6.  283  ;  1902,  [2] 
66,  203  ;  Hiibnei.  Jt.  r.  1906,  39,  982). 

(iii.)  Mdhodt  uhieh  give  rise  to  Ihr  jyrodue- 
iioH  of  hydrojnfqiiliniUncM  couUiimng  the  htpinutyl 
radicle  in  the  '  pyridine  '  riiuj. 

The  direct  iiitnuhiotion  of  hydroxyl  into  tho 
'  pyridine  '  ring  of  quimdino  has  licon  accom- 
pli-shed  only  in  a  few  co-xch,  such  as  tho  forma- 
i  tion  of  carlM.Htyril  (2-bydro.\yquinoline)  by  the 
action   of   hynochlorous   acid   on  quinolino 
( Kinhom  and  lAUch,  Ber.  1886.  10.  53 ;  Erien- 
MK-v.  r  and   HoH<idiek.  ibid.   ISV'.   is.  n21tr.  ; 
1880,  19,  498).    fciyntbeliual  nietiiod.'^.  Iiourwi. 
have  l)oon  dovtsed  for  tho  production  of  2-  and 
I  4-hydro\\  'piin't!iTif">.   the   most   im]Kirtant  of 
'  the'ni    Ixiu^    ni«Klilicaliona    of  tondcnsaliofis 

already  drsi  rilxd. 
I     From  othyl  acutuact  tato,  derivatives  of  cither 
2-hydn)xyquinoline  or  4 -hvdroxytpj incline  csan 
iM3    ubtiiinrd    by    rouflcn'-iil  ion    with  aniline, 
;  according  as  tho  anihdo  ur  thr«  ^-phenylamino- 
I  cr»>tonnto  forms  the  lntormj'<linte  pnKhiet. 

(1)  Knorr's  synthesis.   Th"  .milidi-,  f..rni<d 
when  a   niixturu  oi   t-thyl  awtoacittato  and 
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corresponds  in  structure  willi  (hat  of  the  inter- 
mediate coiupoundii  occurring  in  the  Skraup 
and  the  Doefaner  and  Miller  eyntheees.  T& 

fffert  the  condensation  to  the  Cftrbostyril 
derivative,  concentrated  sulphuric  acid  !«  U8e<l 
oitiier  in  the  cold  or  at  the  tempcmturc  of  a 
water-hath,  the  jinnhut  nft<ruar(ls  Ixing 
btirrcd  into  wat^-r  and  reiideix'ii  aliuiiuie  with 
oaustie  aodir— 

The  method  gives  good  vit'^ln  (Knorr,  Annalen, 
I886p  23(1.  7IS»  83  ;  D.  R.  P.  2r>428  of  1883),* 
and  may  bo  applied  to  8ub8titutc<l  anilines, 
homologues  of  aniline  or  mono-alkyl  derivatives 
of  ethyl  ac<'toacetftto  (Knorr,  Annalen,  1888, 
245^  358)»  but  secondary  aniliiK^,  such  as 
methylaniline  and  its  homolofcueK  react  with 
ethyl  a<  rtoacetato  fomiin;:  lt  ]iiilniic-(2-]<rfo- 
tet rahvilioqtiinoline-)  tlerivalivew  (Knorr,  ibid. 
J8S«,  230,  lOrt :  Farbw.  vorm.  Mei«ter.  Lnoitts  & 
Brihui!  '   !>  P   P.  :122R1  of  18S4). 

{■2j  Conrad  and  Limpach's  synthesis.  The 
3-aminocrotonatc,  obtained  by  the  interaction 
of  ethyl  acctoacctati^  and  aniiino  or  it^t  homo- 
loi^ufs  in  molecular  proportion  in  the  cold,  is 
roiivirted  into  the  4-hvdn)xyquinolino  bv 
rapidly  heating  it  to  24(r'-25U°.  By  extraction 
of  the  product  vith  dilnte  aoidt  the  hydroxy- 
quinolinc  can  be  separated  from  the  luliilone- 
carbojiylio  acid  which  ia  also  formed  in  the 
ooodensatioD. 
H 

^•"♦'^NH-C(CHj) :  CU  CO-OKt 

The  yiolda  are  only  moderate  (Cjbnrad  and  lim- 
pach,  Ber.  1887.  20,  947 ;  1888.  21.  623.  1649. 

innS;  I89I,  24.  2990;  D.  R.-P.  42276  of 
1887  ;  Knorr,  Ber.  1887,  20,  1397). 

(3)  Friedlaender's  reaction  described  under 
ii.  (3)  finds  its  analof;uo  in  the  conden -nation  I 
of  anthraniUc  acid  uitli  ketones  or  kctuuic 
esters  under  the  influence  of  heat — 

-^r  H     C(OH):CH  ' 


by  hoatinp;  the  product  formed  by  the  uiter- 
aotion  of  the  derived  imino-chioxi<ie  and  ethyl 
aodtomalonate  or  aodioaoetoaoetate  hi  moteoular 

proiK)rtioti.  and  afterwards  eliminating  carbon 
dioxide  from  the  resulting  4-hydroxyquioc(Uue- 
3*carboxylate — 

C«HcN !  GPha+NaCH(00,Et), 

^•^•'^N :  CPhCH(COjEt)CO-OEt +NaCl 
_^     „     (•((  »H):C!(CO,Et)v 


-f  EtOH 


>  +  2H  .0 


Owhig  to  the  conversion  of  some  of  the  onthra- 
nilio  acid  into  aniline,  other  produeti*  are  also 
fnrnip'l,  fh"  yirld  of  Iiyilp 'X\ (jaiiiolines  l>eing 
only  uiodentte  (>iR*nieiit«<ueiki.  Ikr.  1894,  27. 
1394;  Xiemontowski  and  OrzeohoWKki.  thid. 
1895,  28.  28U9;  JiiiMnenttiwski.  ihid.  19<»5,  38, 
2044;  19<)7,  40,  4285).  The  fofidcnsation  of 
acrtyl-o-aminoacetophenone,  effected  by  alcohoUc 
caustic  soda  solution  in  the  oold»  is  also  a 
reaction  of  this  t  \  |k>,  but,  as  in  the  aoctoaoctate 
HViitlie,s<  In  ill  ill  -  2  hyilwxy-4  methyl-  and 
the  4-hydroxy-2-meth\l-quiiioiiiu',s  are  formed 
(Bischler  and  Howell*  Ber.  1893.  26.  1397; 
Camps,  ibid.  I'<9'>.  32.  .322S :  An  h.  Phiirm. 
LS99,  237,  U59  ;  U»Ul.  239,  591  ;  19t»2.  240.  (mIO. 

(4)  From  Unyjinilide,  or  Ha  honmloizui-s. 
4-hjdn^y'.  fl>iinolinc  derivativi-s  can  \x'  obtuitud 

•  Ity  tins  iiicHiod,  liydroxy-O  :  S-i1in»PtliylqiiinoIiiie> 
liftvc  Im;*"!!  i>rei>;irri.l,  <iiie  of  which  is  rloM-ly  tclatod  tf> 
Uw  ulknluiu  cyli^iiie  (Kwiiis  Clieiu.  Buu.  Iraiia.  lUlJ,  ! 
)03, 100;  ef,  £wiQs  and  Kiiig,  ibi4, 104).  I 


(Just.  Ber.  1885,  18,  2632 ;  1886.  19.  970.  1462. 
1541 ;  P.  R.-P.  83497  of  1885). 

TLlLOOKN  D«BIVATT\T.S, 

Chloroquinolines  are  not  produced  by  direct 
substitution,  but  can  Ijo  obtained— 

(1)  From  chloroanilines  by  »Skraup's  method. 
The  product  from  m-chloroanilino  is  a  mixture 
of  the  5'  and  7-ehk)roquinolines  (La  Ooste,  Ber. 
1885.  IS.  2911). 

(2)  From  aniirioquinolines  by  the  Sandmcyer 
reaction  (cf.  Wenzel,  Monatsh.  1894.  15,  459). 

(3)  From  hy(ln>xyqniTU)line>  by  int«  rnction 
with  phosphorus  penl^achlorirte  (c/,  Frietiiaeiider 
and  OHtermaier.  Ber.  1882, 15.  333). 

All  seven  monochloro-,  and  many  di-  antl 
tri-chloro-quinolines  are  known.  The  mono- 
derivatives  are  oiLs  or  }ia\  e  a  low  meltnig-iK)int ; 
t  hev  are  less  bade  than  quinoline,  the  dooceaae 
in  baeioity  beteg  most  marked  in  the  2«  oom- 
IKiTind  ;  and  thoy  furnish  ailditixc  eoiujiounclB 
M'ilh  alkvl  iodides.  Tlie  halom-n  is  reactive 
only  in  the  2-or  4<  position. 

Bromnqiiinnlines  can  bo  obtaine<l  by  direct 
substitution  or  bv  suitable  modificalious  of  the 
iirooeeM*  applicable  to  the  obloro-'  eompouDda. 
The  seven  monohromoquinolines  are  knoM-n, 
their  properties  being  similar  to  those  of  the 
oonrBBponding  ehloro-  derivatives. 

NrrjiuQrixoLiNES. 

The  moiiuiultation  of  quinoline  is  achieved 
by  acldin^  alternately  (|uhlotine  nitrate  and 
anhydmsulphni  ic  acid  of  sp.gr.  2-0  to  e<in- 
eentrated  suljihuric  acid  (l)ufton,  Chem,  S<jc. 
Trans.  1892.  61,  793;  cf.  Koenigs.  Jkr.  1879, 
J  2.  449;  C'laus  and  Kramer.  UwL  1885,  18, 
1343  ;  Noelting  and  Tmutmann,  ibid,  1890.  23. 
3654).  The  5-  and  8-nit roquinolines.  jnoduced 
together  with  some  dinitrohydroxyquinoUne, 
can  be  separated  as  the  5-isomeride  forms  a 
nitrat*'  sparingly  solnMn  in  dilute'  nitric  acid 
(liuiUin,  I.e.).  or  is  converted  into  a  quateniary 
cnniixiund  by  methyl  sulphate  (Decker,  Ber. 
1{H)5,  .38,  11.54).  Further  nitratit»n  converts 
the  5-nitn)-  and  8-nitro-  into  the  5  :  7-  and  t> :  8- 
dinitrt>quinolines  respectively;  but  the  6-nitn»- 
(obtained  by  bkraup's  method)  into  a  mixtuxo 
of  the  5 :  6-  and  6 : 8-ditl1tro-,  also  the  7-nitro- 
(obtained  by  Skratifi'-  iii.  tliin!)  int..  a  mixtun; 
of  the  6 :  7-  and  7  :  8-  ilinitro-quinohnes  (Kauf-> 
mann  and  I)<>eker.  Ber.  1906,  39.  3048 ;  Kauf. 
nvtnn  atnl  Ifu  sy,  ihid.  It.  1735).  Tri- 

iiitio-  derivatives  lia\e  not  i«  tit  ik et. itbetl. 

The  nitroqutnolines  ait-  rrystalline  ;  (hey  dis- 
solve  in  concentnitrd  mineral  acids,  but  their 
basic  pn»iH-rties  uiv  feeble,  and  the  salts  arc 
mostly  decomposed  by  water.   In  many  caaee 
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thoy  iorm  quaternary  amiDOiUiim  oompouudi 
wim  methyl  iodide. 


AMI^'OQUmOLIMIS. 

Of  the  nminoquinolines,  nx  have  been  de- 
scribed. 'Ihof^v  containing'  tho  NH.  Jimup  in 
the  'benzene'  ring  can  be  obtained,  eitht-r  by 
lednotion  of  the  eoneaponding  nitvo-  derivatives 
with  tin  and  hydrochloric  acid,  or,  like  those 
containing  it  in  the  'oyridine]  ring,  by  heating 
the  correspondinc  h>'aio^4|niiiolme  with 
monio-rinc  ohloriae. 


of  the  80«H  gionp^on  bcomuiAtiim  m  «qiieouB 
■dntioo. 


HTDBOZTQITIKOLnVBS. 

Six  of  the  seven  hydroxj'quinolineg  are 
known,  viz.  the  2-  and  4-  derivatives,  and  tho 
four  quinophenola,  containing  the  OH  grouj) 
in  the  '  Ix  niu  nc  *  ring.  From  each,  by  com- 
bination with  iilkyl  iodides,  quaternary  am- 
monium compounds  are  obtained. 

The  2-  and  4.hydioa[yquinoline8  are  produced 
either  by  synthetical  methoda  {v.  p.  473)  ot 
monio-74nc  oiuoriae.  .    j   u    i.     •       t'l^ni   the   corresponding   chloroqninolinfs  by 

2-Aminuquiiiolinc  is  obtained  by  fteatmg  j^t^^jion  with  water  at  120°.  They  exhibit 
i-ehloioquinoline  w  ith  ammonium  carbonate  ^^^^  propertiee  both  of  hydro^r-  compounds  and 
and  ammonia  at  210^  (Ciaus  and  SohaUer,  J.  jfetonic  derivative^  fonomg*  for  example, 
pr.  Cliem.  1897.  [2]  6fi  206)  and  fwm  o-amfao-  |  of  ethew- 

(  innamonitrileNH.CBH.CH-.ni  nN.  byintpr-  m-flH-  CH  •  ("H\ 

action  with  sodium  ethoxide  (IVchorr,  Ber.  I     CMi<Tf:  '(vnmv>       ^•^«'^NEt  •  Cll^ 
1896,  31.  1289).    4-AminoquinoUne  can  be  nre  |  ^  •  • 

])arrd  from  <  inchonamido  bv  Hofmann'.^  method  are  less  basic  than  the  quinophfiOOU  ;  *5  i^"* 
(VVenzcl,  Monateh.  1894,  '16,  457).  S-Amino-  i  not  re<luocd  by  tm  and  hydroduono  aoid«  Init, 
qnlnolhiehAa  not  been  described.  -  »  ■ e,.i.,ti«r.  «,5th  «nibinn. 

Tho  aminoquinolines  are  oiTetaUine  com- 
}M)und«,  which  act  usually  as  mono-  add  bawM, 
give  quaternary  ammoniiun  compounds  with 


in 


alJqrl  iodides,  and  are  diazotisable«  tesembliug 
in  this  respect  primary  aromatio  amines. 

QUKOLTKESrLrHOSlC  ACIBS. 

On  Bulphouation  with  oonccntratod  sulphuric 
acid  at  220*-230°,  quinolino  >ie]ds  the  S-sul- 

j.lionio  acid,  but  after  many  hi lurs  at  276*'-280'',   ^     , 

tho  6-«ul[^(mio  acid  (Gtorgievics,  Monatsh.  ■  quinolinee,  moreover,  give  nitroso-  derivative* 
1887,  8,  677,  88»;  Bad.  Anilin-  &  Soda- Fab.,  -^^  sJ  — T-^-j-  *-s»K 


boiling  alcoholic  sofution  with  soilium. 
eliminate  the  OH  group  forming  tetzahydro- 
quinoline. 

Tho  iyoraeric  quinophcnols  can  bo  prepared 
from  aminophenols  by  Skraup's  reaction ; 
from  aminoquinolines  by  the  diazo-  reaction  ; 
or  from  quinolincsulphonic  acids  by  fusion  with 
caustic  alkali.  Thuy  resemble  tho  phenols  or 
naphthob  in  properties,  give  only  one  scries  of 
ethers  on  alkylation,  yield  nitro-  derivatives 
ami  Rulphonio  adda,  and  fnmirii  stable  salts 
with  acids  or  alkalis.    The  0-  and  S-hydroxy 


1).  1? -P.  40001  of  1887).  Iwth  the  5- and  the 
8-aulphonic  acids  beinf;  converted  into  the  6- 
aoid  ttoder  these  conditions  (ibid. ;  T^llmawn 
and  RpTiRch,  Bcr.  1889,  22.  1391). 

The  5-  and  8-  acids  are  obtained,  but  in 
proportions  which  depend  on  the  temperature   _  ^     

and  otmoentration  of  tho  acid,  when  quinoliue  hydrochlorio  acid  (Tiemann  and  i)niK-r- 

ia  heated  with  anhydrosulphviie  acid  at  120^-  |  numn~iW.  1880,  13.  2070),  or  60  p.c.  sulphuric 
o«/^o  g.         predommatee  at  loAVf>r.  and  .  ^^jj  (jr^^r  and  Koenigs,  ibid.  1885,  18,  2395); 


with  nitions  acid,  and  oonple  with  diagotiaed 

bases  forming  87."  'Ive-:. 

(i.)  2-Hy«oxyquinoline  [CarbodyrU)  is  ob- 
tained when  ethyl  o-nitrocinnamato  is  reiliu  ed 
with  alcoholic  ammonium  sulphide  (FriotUacnder 
and  Ostcrmaier,  Ber.  1881,  14,  1916) ;  when  o- 
aminocinnamic  acid  is  boiled  for  son  o  1  nr 


200' 


the  5-  acid  at  higher  temperatures  ( Bedali  and 
0.  Hscher,  Ber.  1882,  15.  <w:J.  lUT'i ;  '  Riemer- 
schmied,  if>!J.  1883,  16,  721  ;  l>a  Costo  and 
Valeur,  ibtd.  1887,  20,  96).  According  to 
dans,  a  third  aci<l,  the  7-siilphonic  acid,  is 
also  present  in  the  product  at  126°-130°,  but 
diaapiMjars  aa  the  temperature  is  raised  (J.  pr. 
Chem.  I.SKS,  [21  37,  261).  By  further  snlphona- 
tion  with  ^iordhauaw  acid  at  2i>0  ,  a  mixture 


when  2-chloroquinoiine  is  heated  with  water  at 
laO*  (Fdedlaender  and  Ostermaier,  ibid.  1882, 
In. 33r))  or  when  quinolino  is  left  in  contact  with 
bicachiiiK  powder  solution  containing  borie  add 
for  some  clavs  (Erlenmeyer  and  Rosenhek.  Pu'd. 
1885,  18.  3295;  Einhorn  and  Lauch,  ibid.  1880, 
19,  53) ;  and,  in  80  p.c.  yield,  when  aoetyl-o- 
aminoljcnzaldehyde  ui  <lilutc  (10  p.c)  alcoholic 
solution  is  boiled  with  one-thirtl  ita  weight  of 


tion  wiiu  x>orcmauaen  ucui  ,  «»  uuju-uiv  ,  goiucion  is  ooueu  wuu  unu-iim^j  iw»  v. 

of  two  disulfdionio  aoids  is  produce<l  (La  Coete  I  caustio  soda  (Gamps,  Arch.  Pharm.  1899,  237, 
and  Valour,  Lc ;  La  Goste,  D.  K-F.  29920  |  ^82).  Its  occurrence  in  a  sublimate  collected 
of  1884.  ,  I  from  a  furnace  used  for  the  ignition  of  sugar 

For  the  preparation  of  tho  5-  acid,  Skraup's  i  ijquors  has  been  noted  by  Lippmaan  (Ber. 
method  can  »)e  used  (Lellmann  and  Lanse,  Ber.   igj^g,  38,  3829). 

1H87.  20,  1446),  and,  by  comparison  of  this  add  I  proptrtie/t.— It  crj-wtallisoe  in  prisms,  or, 
with  tho  5-  acid  obtaim  d  by  .-,nl)>]ii>nati<jn  under   from  dilute  aqueou.-i  .--ululion  with  1  raol.  H/) 


dtifiterent  conditions,  LcUmana  luui  drawn  the 
eonclnsicm  that  the  hitter  exists  in  two  forms 
{ibi'i.  1 1 72 ;  rj.  .Takubowski.  ibid.  1910,  43, 3020). 

The  quinoluicsulphonic  acids  are  cryr^talline, 
and  can  be  seiiaratetl  from  mixtures  by  tractional 


in  needles,  m.p.  199^-200%  is  only  sparingly 
soluble  in  cold  water,  and  insolul^  in  ammonia, 

but  dissolves  in  hydn  rhloric  acid  or  caustic 
alkali  solution.  In  many  uf  its  reactions,  it 
has  the  ])n>it<  itie»  «»f  a  phenol,  in  othen*  those  of 


rrv-tallisntion  of  tho  calcium  salt.s.  They  yield  |  ,^  ketone  (V/.  Hartley  and  iKjbbie,  Chem.  boc. 
hvdr.ixv<juinoline8  by  fusion  with  caustic  > 'fp„,H.  i8<jn,  7;-),  r»Hi)  ;  the  correH|Kmdincf  ethers 
alkali  ;  nilnir8  by  distillation  with  iKitassium  known,  tho  C-mithyt  tlfuf  .  l  .p.  2l'i  -247'' 

cyanide :  and  di- or  tri-bromoquinolines,  with  loss   (i.'ri,.,llaender  and  Weinberg,  Ber.   1SH2.  15, 

.     '  1422).  and  tho  H-mxtkyl  eibtr  a-ni<thyl-2- 
tlei  toSif?*!li tSV^ul'^  ^       commualoa- 1  ^Jaano),m,ff. 74»  b.p.  324^  (fticdiaendcr  and 
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Mull<T.  n>ul.  JsST,  5).  200!»).  On  oxidation 
with  alkaliuo  pormangauate,  it  yields  isa^n 
and  tai%09^rUic  (oxalvlanthnoilie)  adtf  (Fried- 
lar-nd.T  ati.I  Ost.TMiairr,  Ber.  1882,  :?:?2)  ; 
and  on  tvductiun  in  lx)iiijig  alcohol  with  sodium 
it  ^ives  tetrahvdroquiitoline  (Knorr  and  Klotz, 
ibid.  IHSn.  Ill,  :!•(•»!> I 

(li.)  i-HydroxyquinoIine  (Kynurine),  first  ob- 
tained from  kjniurc'iiic  h<  id  by  subliiimtiuii 
(c/.  Sobmiodcbcrg  and  Schnltzcn,  Amiaien, 
1872,  164,  158),  occurs  amonjr  tho  oxidation 
products  lit  I  inchiminc.  ( inchonidine,  and 
oinchonio  acid  (Skiaup,  Monatah.  188tt,  7,  61S ; 
1888.  9,  801,  818 ;  1889.  10.  726),  and  has  been 
syiilhosisod  from  cinrhonnraido  (VVrnzr!,  ibid. 
18y4.  453),    from    4-chloroquinolino  by 

heating  it  ^^ith  water  at  120°  (SItraup,  ibid. 
Jn.  Tiiti).  and  from  forniyl-o-aminoacoto- 

i)heiione  Ity  boiling  it  with  cauiitic  soda  solution 
Camps.  Ber.  I!K)1,  34,  2709). 

Proptriit*. — ^Ilr  fornw  prisms,  ni.p.  201°,  or, 
if  rapidly  peyiamted  from  solution,  needles  (with 
3  mob  Hjf'l).  dissdlvrs  padily  in  \>aMii  watt-r, 
alcohol  or  ethor,  and  gives  m  aquooua  solution 
a  cannino  oftloiifatitm  with  ferrio  cUoride.  The 
hi/drochJoride  B*H('1  +  2H20,  and  platinichloride 
B,  H.Pl('l,  +  2H,0,f  ry8talIise  in  nti-dles.  Like 
carlK»!<!tvril,  it  ft>rm8  )x»th  O-  and  N-  ethers 
(Wcnzel, Lci  U.  Majer,  Monatsh.  1906,  27,  255, 
987). 

The  3-carboxyIi<  i<  id  (kynxirtnic  acid) 
occurs  in  tho  urine  of  do^js  fed  on  par-boilctl  | 
meat  (Licbig,  Aimalen,  1853,  80.  l£l ;  1858,  | 
108.  354;  <7.  inlir  (ilin.  Kretschv,  Monnlsh. 
1881,  2,  58;  EUiogcr,  Ber.  1904.  37,  1807).  anti 
has  been  synthesised  by  boiling  ethyl  formyl-o- 
nminriphf-nylpntpiolato  with  caustic  soda  solu- 
tion ((  ttin|XH,  ik  r.  1901,  34.  2714).  It  forms 
|>rism.s.  H.A  +  H.O.  nielt«.  when  anhydrous,  at 
257°-258 '.  and  is  only  spariii<;ly  soluble  in  hot 
water.  On  oxiilation  with  aikuiine  permangan- 
ate it  yields  oxalytanthrawUic  add  (Kietachy, 
Monal.sh.  1884,  5.  10). 

(iii.)  5  HydroxyqiiinoIlil0,  obtained  by  fusing 
quin()line-")-sii!|ifii .iiic  ai  id  with  cau.stic  alkali 
(Kiementchmied,  Bor.  1883,  16,  721;  LeU- 
mann,  tMei.  1887,  20,  2174),  forms  scales,  m.p. 
224'. 

The  8-sul|ibonio  acid  i.s  converted,  by 
nM*ans  nf  i»»tasisiuni  iodide  and  hypochiorous 
acifl,  int<j  the  (i-iodo-5-hydrojri/fjuinoline-H- 
aulphonic  arid  (("lauH.  .1.  pr.  (liem.  18U0,  [2J 
53,  339 ;  Farliu .  vorm.  Meister,  Luoius  & 
Brunin.:.  I).  R.  1'.  >^90<K)of  1S1I5). 

(iv.i  fj  Hydroxyqulnollnecan  bei)rei>aredfrom 
})-aniino|)henol  l»v  Skrau|i  ■   ivaction  (S|u!Uj|i, 
Monatsh.  1882,  3^  545;  D.  K.-r.  1407 1>;  Eng. 
Fat.  678  of  1881);  or  by  fusing  qttinolin^>6' 
aoi«l  w  ith  cnustic  alkali  (0.  Fi?(  hr  rarifl 

Williauik,    Ber.    1SS4.   17.   440;    Haju),  tbid. 

101  ;   Farl)\v.  vorm.  Mcixter,  Lucius  fc  Brflnlng, 

1>.  K. -P.  2«»430  of  I8S3).    It  forms  prisms,  m.p. 

103\  which  di.v()lve  oidy  very  sparingly  in 
cold  water. 

Jteacii<m«.~~{l)  With  nitrous  acid,  it  gives 
th«  S-niYfow-  derivative  (the  6«nme  of  quino- 
liii'  5 :  H-quinone),  <«>n vertibk'  l>y  hydn»xyl- 
aminv  into  the  5  :  *i-dioxime  which  forms  lakes 
with  raoKlants  (r/.  Matheux.  Bt*r.  1888. 21. 1886; 
Kostanci  ki  an<l  Beirli.  i.  IS!M,  iM.  tr.S). 

(2)  It  toupleei  with  iiiazotisiU  bases  Jonuiug 
aao-  dyes  (Matheus,  Ber.  1888»  21,  1642). 


I),  otystallisee  in  prisms, 
less  soluble  than  the  6- 


(3)  Its  potassium  salt,  heated  with  eai1<iu 
dioxide  under  pressure  at  170"^,  >ields  fota^iutn 
B-hydroanfquinmineeasiboxt/latc  (Schmitt  and  Alt- 
st  hul,  Bvr.  1887,  20,  26051. 

The  methoxy-  derivalivts  {(i-quinanisoie), 
obtained  either  by  the  >Skraup  reaction  (Skraup. 
Monatsh.  1886,  6.  702  :  Bad.  Anilin-  &  Soda- 
Fab.  D.  R.-P.  28324  oi  1883),  or  by  methylating 

6-  hvdroxyquinuline  (Skraup.  Monatsh.  1882.  3. 
544),  is  an  oil,  b.p.  .104^-305"  (slight  decump.) 
under  740  mm.,  sp.gr.  1-1542  at  2^.  Its  salts, 
'ike  those  of  quinine,  shuu  blue  fluoresi  t  iuc  in 
aqueous  solution*  and  with  chlorine  water  and 
ammonia  give  a  green  oolonration.  On  reduc- 
tion m  U\\  tin  and  h^ driichlcric  acid  i1  fiiTTii>hr3 
thallmciBad.  AniUn-  A;  .Soda-Fab.  D.  K.-P.  30420 
of  1884). 

Fur  niodo-U-hydroxyqninoline,  see 
(  laiis.  U  K.-P.  78880  of  1894. 

t>  Ethozyquinoline,  b.i>.  290^-292  .  <  n 
nitration,  gives  tho  5-nUrO'  cfcrivative,  neudlea, 
m.p.  111*.  This,  when  reduced,  yields  the  6- 
amtno-  derivative,  needli.-.  in.]i.  (aiih\ dioiis) 
il5''-116%  which  forms  an  acetyl  derivative, 
scales,  m.p.  163*,  and  a  benzo^  derivativ<*, 
m.p.  144°  (Vis,  J.  pr.  (  hem.  1893,  [2]  48,  29; 
Dahl  &  Co..  D.  R  -P.  690.33  of  1891). 

(v.)  7  Hy(lroxyquinoUne,obtainedeitherftom 
m-aminophenol  liy  tlie  Skrarip  n»artinn  (Skrau[», 
Monatsh.  1882,      55!iJ,  or  by  fu-sing  quinoliiie- 

7-  eulphonic  acid  with  cau.stic  alkali  (O.  Fischer, 
Ber.  1882,  15,  1979 
m.p.  235*'-238°,  is 
i^(>rn<  ride  in  water,  and  in  aolntioii  shows  gieen 
Jluoresceijce. 

(vi.)  8»Hydri«yqiilnollro  (Quinephenol)  is  pre- 
pared  ritbrr  from  o-aminophenol  by  the  Skraup 
ivaetion  (Skraup,  Monatsh.  1882,  3,  530; 
D.  R,-P.  14976;  Kng.  Pat.  678  of  1881).  or 
from  quinolinc-8-sulphonic  acid  by  fusion  with 
caustic  alkali  (Bedall  an<l  O.  Fischer.  Bor. 
1881,  14.  443,  13tiii|.  It  forms  prismatic  nee<llcs, 
m.p.  76',  b.p.  260-6"  (corr.)  under  752  mm. 
(Skraup),  dissolves  only  very  »|)aringly  in  cold 
water,  but  readily  in  alcohol,  -xntl,  unlike  its 
isomerides,  is  volatilo  with  steam.  Tho  aqueous 
solutions  of  its  acid  or  alkali  salts  are  yelW. 

I?' actions. — (M  By  met  liylntion,  it  is  con- 
veite<i  into  the  »-yH»H«M».<t>/^,  an  oil,  b.p.  265"— 
268'^  (Bedall  and  O.  Fischer,  I.C.),  which  can 
alho  be  obtained  by  tho  Skraup  reaction  from 
o-anisidine  (Skraup,  Monatsh.  1882.  3.  544). 

(2)  With  nitrous  acid,  it  funnshes  tho  5- 
nitrotO'  derivative  (tho  5^xime  of  quinolino* 
5 :  8-quinone),  oonvertible  by  hydroxylamine 
info    the  5  :H-diiu  iiiit   wliieli   forms  lakes  with 
I  mordants  (Lippmunn  and  Fleis**ner,  Monatsh. 
I  1889,  10.  794;  KoBtaneoki,  Ber.  1891,  24.  151). 

('.^)  It  couples  with  diazotLsed  bases,  forming 
«a>-  dyes  (Matheus.  B<r.  1888,  21,  1644). 
I  (4  )^  When  its  .sodiu  m  salt  is  heated  with  carbon 
dioxide  at  140"-150°  under  pressure,  Imodium  8- 
h ydroxifiuiiioli nfciirboxylate  is  cdHuined  (Schmitt 
and  Fliigelmann.  Ii<  r.  1KH7.  20,  1217,  26;n):  ,  f. 
ilevden,  I>.  H.-P.  39ti62;  Eng.  Pat.  10280  o£ 
1H86). 

(5)  By  int«Ti»etinn  with  w-broma(  etojtlienonc 
in  presence  of  alrohoiic  cau.stic  alkali  solution, 
it  yields  acfto]>htnoj>c-H-htfdronf*fuincline  (Zim- 
nuTi^  Co..  I).  K.-P.  92755  of  IS'.)';^. 

liidochloro-8-h vdroxy  quinolinc  (lia«- 
ler  chom.  ¥ah,  D.  R.-P.  117707  of  1899;  fiog. 
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Pat.  3915 of  1900) ;  6 :  G-diiodo-8-hvdroxv-   sponding  iS-lictic  aoiM,  \vm  intro<luocd  as  an 
qujnolino  (ClauH.  D.  R.-P.  78880  of  1894);  antipyretic  (Kinliom,  1>.  K.-P.  66119  of  1890). 
7-iodo-8-hy  <1  r<>  X y  ({u  inoiino-S-sulphonic 


acid  (Uaus,  1).  K.-P.  72942  of  1892  ;  (iri€«o, 
D.  R.P.  190966  of  190G;  Eng.  l*at,  9650  of 
1905)  and  similar  <  ompoundB  (c/.  Clau8.  D.  R.-P. 
73146  of  1893;  Farbw.  vorm.  Measter,  LudUB 
&  BrBning,  D.  R.p.  84083  of  1896)  have 
been  propose*!  as  iodoform  substituto!^. 


Alktl  DEBIVATiraS. 

All  the  seven  isonit  ric  nu  thvlqiiiiiuliiies  are 
known.  Those  contaioijig  tbo  alkyl  zadiole 
in  the  *  boDzono*  nucloiu  are  uanallT  called 

toluqninolines,  the  others  mrthylquinoliiie^i.  In 
H-Kihoxvquinoline,  obtained  by  lieating  tht-ir  gciu-ral  properties  the  olkyl  derivatives 
8-hydroxyquinoIuie  uith  ethyl  bromi<le  and  n  st  niblc  (|uinoline;  t hoy  are  mono-  acid  baMS, 
alcoholic  caiiMtit;  .-^xla  (0.  Fi. cht  r  and  Kenouf,  form  double  saltB  with  halogen  salta  of  heavy 
Ber.  IhSl,  17,  759;  Vits,  J.  pr.  Chem.  1S92,  [2]  i  metals,  and  with  alkyl  io<lidefl  give  quaternarv 
45.  531),  nee<Ues,  b.p.  285''-287°,  forms  5-nUrO'  >  ammonium  compounds.  Tin-  2-  and  4-iia'lhyl- 
H'ethoeeyminoliru:,  m.p.  128%  on  nittation  with  '  quinolines  alone  call  for  detailed  mention  here, 
nftrieaoldof  8p.gr.  1-62.  From  the  «oiTi»pond-  (i.)  Qolnaldine  {'1-M'  thylquinoline)  oooura  in 
ill.  rt-(trn{nn.  di  t i viiti\ i-,  scales,  jii.p,  114",  an  coal-tar  quinolinc  to  thr  cxtrnt  tif  alxiut  2."  ]).c. 
acKtyl  derivative,  aualgon  (the  phenacetin  of  i  (Jaoobecn  and  Reimer,  Bcr.  1883,  16,  1084  ; 
the  quinoline  genes),  needlee,  m.p.  IW,  and  a  ]  Jaoobeen,  D.  R.-P.  23967  of  1882).  It  is 
?>rn-oyZ  derivative,  bcnzanalgen,  a  crystalline  obtained  sjTithetically  by  warming  a  mixture 
]Hi\^der,  m.p.  2<H}'',  have  been  obtained  (Vis,  of  aniline  and  aldol  with  concentr8te<l  hydn)- 
l.c.  :  D.  R.-P.  60308  of  1801 ;  Dahl  &  Co.,  chloric  acid  (Doebner  and  Miller,  Ber.  1883,  16, 
D.  R..P.  65102 ;  Eng.  Pat.  17493  of  1891  ;  2466) ;  by  heating  crotonic  aldehyde  with 
D.  R.-P.  65111;    Eng.  Pat.  3147  of  1892).   aniline,  nitrobenzene  and  sulphuric  acid  (Skraup, 


The  corresponding  acetyl-5-amino'S'methoxyquin- 
oline  loam  needlw,  m.p.  178°-179'*  (Vis,  J.  ot. 
Chem.  1898,  [2]  48.  24 ;  DsU  ft  Go.,  D.  R.-F. 
66110  of  1892). 

8-Hy droxy <| "  i  nol i n(>5-0u]  phonic  acid, 
preparfHl  l»y  snlplionating  8-hytlroxyquinolin<' 
with  cooJ<  <l  aiilix  drosulphuric  a(  id  (C'lau«  and 


ibid.  1SS2.  15.  81»7).  or  lactic  acid  \\Hh  anilino 
and  zino  chloride  (Wallaoh.  and  WiiBten,  ibid. 
1883,  16,  2007;  cf.  Fietet  and  Dui)aro,  ibid, 
1887,  20,  3417).  <.r  cthvlarpfanilido  with  zinc 
chloride  at  260""  (Pictet  and  Bunzl,  ibid.  1889, 
22,  1848) ;  by  wanning  o-aminobcnzaldehydo 
and  acetone  in  aqueous  solution  uitli  a  small 
Poswelt,  J.  pr.  Clu  ni.  1890.  [2]  41.  3.**)  has  been  i  quantity  of  caustic  j^otla  ( Fritnliiifiidcr  and 
used  an  an  antiweptic  under  the  name  quinosol  i  Gohring,  ibid.  18S:{.  ](>,  1836);  by  heating 
(Fritxsobe,  If.  R.-P.  88620  of  1895 ;  Eng.  Pat.  ,  aoetonylquinoline  with  ooncentnted  hytlio- 
I409of  1896;  D.  R-P.  187943  of  1906 ;  187869;  ,  cUoiie  add  at  170"  (E.  Ffseher  and  Knwl, 
I'liL'.  Pat.  11725  of  1006).  For  its  phy.siological  i&id.  165);  or  1»y  redueinc  ci-nitiolM  Uzylidene- 
act  ion,  cf.  Bcahm«,  Zeit^cb.  physioL  Clicm.  j  acetone  with  stannous  chloride  and  hydrochloric 
1899,  28,  439.  I  acid   (Drewsen,  ibid,   1964 ;    Fhrbw.  vorm. 

2:4-DIhydroxyqalnoltae  (7-7^v 'rr  vrarftos/yril)  i  Meistcr,  Lnein.s  &  Briining,  D.  R.-P.  22138; 
is  the  only  dihytii-oxy-  compound  \shic'h  can  be  1  Eug.  Pat.  3541  of  1882),  but  is  best  prepareil  by 
mentioned  here.  It  is  obtained  by  fusing  4-  |  warming  a  mixture  of  IJ  parts  of  paraldehyde, 
chloHHjarbostyril  with  caustic  potash  at  200°  |  1  part  of  aniUne,  and  2  parts  of  strong  hydro- 
(Friodlaender  and  Weinlx-rg,  Ber.  1882,  15,  ;  chloric  acid  for  some  hours  on  a  water-bath 
2»)S:{i  ;  hy  iKiiliii;.'  a  solution  of  ethyl  acetyl-  (Doelnu'r  and  .Miller,  I.e.  ;  Chem.  Fab.  auf 
authranilate  injury  toluene  with  sodium  (Camps,  |  Aktien.  (vorm.  £.  Schenng),  B.  R.>P.  24317  of 
Arch.  Fhann.n899.  237,  690 ;  Farbv.  vonn.  1 1882 ;  Eng.  Fftt.  966  of  1883 ;  Aetieno.  Ittr 
^^•i-te^,  Lucius  &  BruniiiL'.  D.  R.-P.  102804  of  Anilinfabw,  J>.  R.-P.  28817;  Sbg.  B»t.  4207  of 
1S!)S)  :   by  fusing  potasjttium  atfty lauthranilate  '  1883). 

with  caustic  potash  at  250"  (Bad.  Anilin-  &  '.  Properties. — It  is  a  colourless,  strtntf^Iy  le- 
Soda-Fal).,  D.  R.-P.  1I7I07  of  HKK))  ;  by  |  fractive  oil,  of  sUjfht  qiiinoline-Like  odimi,  h.]i. 
hvdruhsiiig  ethyl  o-a rninobeuziovlacetate  with  '  238''-239°  undt-r  711)  nun.  (JJuel»ner  and  MiUiij, 
viry  <jilute  hydrochloric  acid  (Enlmann.  Ber.  Ber.  1881,  14,  2814);  at  244''-245°  un<ler 
1 899,  32,  3670) ;  or  by  heating  o<nitrophenyl- 1  760  mm.  (Hoogewcrfi  and  van  Doip,  Roe.  trav. 
pn)t>ioHo  acid  triih  sulphuric  aeid  at  145"  |  chim.  1884,  3.  344).  Tlie  mite,  as  a  rule,  are 
(Bn«>ycr  and  Bloem,  tiuf.  J>»S2,  1.',  21."!).  readily  soluble,  but  the  chromnU,  yellow ish- 

Fropertiea. — It  oryatalliscs  in  ueetlics,  does  red  needles,  is  onlj  spariiigly  soluble  in  cold 
not  melt  even  at  82(r,  can  be  sublimed,  and  is  water  (Doebner  and  BOUer,  Ber.  1882,  16,  3076). 
jnw.lulil''  in  orrlinar\*  solvents,  but  dissolves  in  \  The  plaiinichloride  ft  rm  j^vi  r.  .  m  t  .  228'"-22n'', 
acitis  or  alkalis.  By  nitrous  ocid  it  in  converted  I  and  the  picraU,  s|).iringi\  soiul>ie  necUlcs,  lu.p. 
into  the  Z^tomUnmh  derivative  {qninimtoxime),  '  191°  (Pictet  and  BunzC/^-c). 
orange-yellow  priHrns.  m.p.  20S"  (<leeomp,),  ReaciioM. — (1)  By  oxidation  with  con- 
whieh,  when  bf»iled  with  hydrochloric  acid,  centrato<i  nitric  acid,  quinaldine  is  converted 
vield.s  isatin  and  hvdro.wlaniine  (Baeyer  and  into  a  nitroquiiioUin  'l-carboacylic  acid  (]X>ebner 
HonioUca.  Ber.  \ms,  16,  2216).  1  and  Miller,  Ber.  1882,  16,  3076);  with  potas- 

2:4-I>ihydroxy-3:  4-dihydroquino1ine,  I  sinm  permanitanate  it  forms  OMt^iUMttnUie 
obtained  liv  reduction  of  f^-nit  niphen\ l-;3  la<"ti(    (tcid  and  oxalic  arid   iiliul.   HOTT).  iUid   v  \\)\ 


acid  with  ferrous  .tutphate  (Kinliori,  Iter.  IHH4. 
17,  2011;  D.  R.-P.  28900  of  1884),  needles 
fuith  2  niol.  m.]).  O.'^i"      '.  fir  (nrfivd.) 

149",  give.H  larb'Mlynl  when  boiled  with  acitUticd 
water,  or  fuml.  Its  6-methoxy-  derivative, 
needles,  m.p,  177%  synthewisod  from  the  oone- 


ctimniium  trioxule  aitd  sulphuric  acid  it  yields 
quinaldic  (quinoHne-2-carlxjxvlic)  ucid  (Doeb* 
ner  and  Miller,  ihid.  1HS:5.  IB.  2172). 

(2)  On  reduttiun  wjlli  tin  and  iiydrochloric 
acid  it  -iM's  the  tflrtiht/dro-  derivative  (Uuelmer 
and  Miller,  Ber.  1883,  16,  2467). 
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(3)  On  nitration,  piefembly  below  4%  exoeaa  ,  (3)  For  niiro-  and  amino-  dorlvativos, 
of  nitric  moid  heUxi^  avoided,  it  furoitlies  a  I  sulphonie  aeidt,  kc,  rf.  Kocuigs,  Ber.  1890,  23, 

mixture  of  the  5-nitrn-  iw\  S-^nVro-quinaldinca,   2669;  Buach  and  Ki-riiius,  ibtd.  2679. 
the  former  being  the  chief  product  (Decker  and  I      The  (i-metJioxjf-  derivative,  m.p.   50 "'-.52"' 
i^mfrey,  Ber.  1905,38,2776;  </.  I>oebQer and  '(with  1  mol.  H,0),  obtained  when  quinine  is 
Miller,  ibid.  1884,  17|  1600;  <ijetdeiaaen«  ibid,  i  hc^atrd  with  caustic  alkali,  has  been  synthosLsed 


1889.  22.  245). 

(4)  When  Bulphonatc*! 


with  anhvdrosul- 


from  p-anijiidiuc,  acotouo  and  methylal  (Pietct 
and  MiMier,  fier.  1 9 1 2, 45,  1 80 i ).    Li ke  quiniu e. 


phuric  acid  at  100  ,  quinaldino  yields  a  mixture  it  gives  a  green  colouration  with  chlorine  water 
of  the  6-,  meta-,*  and  S-monaniuphonic  acids,  of  and  ammonia  (Koenigs,  I.e.). 


which  the  '  mota- '  acid  constitutes  nearly 
iwo*thiid8  and  the  acid  nearly  ono-third 
(Doefaoer  and  Iffiller.  Ber.  1664,  17»  1703; 

(Jhem.  Fab.  auf  Aktim.  fvnrm.  £L  ScbedAog), 
2.C  i  D.  B.-P.  29819  of  1883). 

(5)  Owin^  to  the  reactivity  of  the  2-methyl 

prniip,  it  yields  condenBation  products  with 
aidehydes,  thus  resembling  2-methyipyridino 
(a-piooline).  From  the  product  Nnth  chloral. 
a-quinoUnoacn  lie  acid  and  quinaline-'l-aldthifde 
have  been  prcjiind  (Miller  and  8padv,  Ber. 
iHsr..  IM.  3  ISSO.  19,  130;  Einhorn,  ibid. 

1885,  18,  3467 ;  Farb.  vorm.  Meister,  Lucius  & 
Brilninff.  D.  R..P.  36064  of  1886). 

fO)  When  heated  with  phtlialif  anhydride 
an<l  zino  chloride  it  ia  converted  into  gttino- 
phihaUmt  (Jaoobmn  and  Reimer,  Ber,  1883, 
16,  1082  ;  V.  p.  482). 

(ii.)  LephUne  (A-Mcthi^Liniifilihr,  induliHc) 
o!'i  urH  in  the  product  formeni  !>v  distilling  cin- 
chonine  with  cauatic  potash  (Greville  William-s, 
Trans.  R.  S.  Edbi.  1856,  21,  iii.,  .377),  and  i.s 
isolated  from  the  fraction,  b.p.  250''-260°,  by 
disaolving  it  in  3-4  parte  of  warm  alcohol, 
adding  2  parte  of  eulphurio  acid  of  sp.gr.  1*53, 
and  docx>mposing  the  crystalline  acid  sulpliut* 


The  toluquinolines,  and  many  of  their 
derivatives,  luive  been  obtained  by  Skraup'e 
reaction  (c/.  Mbnatsh.  1885,  6,  761).  The  6-, 
7-,  and  S-t  u  lu  qu  iualdines,  with  hvdroc'on 
bromide  and  bromine,  form  compounds  of  tho 
composition  B*Br,'HBr,  which,  when  heated 
at  15t)^-200°,  nro  convrrtrd  into  whromo- 
meihfflquirmlinea  UiQH,N*UH,Br.  The  6-  coin- 
pouiul  U'liavea  dufofeotty  (daus,  D.  'B.«P. 
98272  of  1897^. 

2  :  4-Dimethylquinolinc,  formed  by  the 
condensation  of  acetone  and  aniUne  in  the 
presence  of  nitrobensene  and  lyrdrooen  chloride 
(Farbw.  vorm.  Meister,  Lucius  m  BrQning, 
1).  R.-P.  32961  t  l^s.', ;  cf.  B.  V.  r.  J.  pr.  Chem. 
1886,  [2J  33,  401),  ui  ui  u-amiiioacctophenouo 
and  acetone  in  caustic  alkali  solution  (O.  Fiflcher, 
BcT.  LHSn,  in.  1037).  an  ..11.  I..p.  2«4''-265^  is 
uxidiiit'd  by  chromic  acid  to  'Z-meUiylqulnoline-^ 
carboxylic  acid  ( Beyer,  1.6.),  but  by  permanganate 
to  2-ineihylpyrtdine-i  :  5  :  (i-triearboxyUc  acid. 
Fur  pheny Iquinolinety  «.  p.  480. 


QonOLINMABBOXTLIC  AciDS. 

Quijiolinpmnnocarhoyvlir'  acids,  of  whi'"h 


all 


which  sepiratCH  by  potash  (Uoogewerfi  and  i  the  seven  isomeridesare  known,  be  prepared 
van  Itorp.  Roc.  trav.  chim.  1888,  2,  1).  by  the  following  general  methods— 
S>  iitht  tically  it  haa  been  prepart  d  by  .^ntu-  |  (o)  For  those  containing  the  CO, H  group  m 
raiuig  a  mixture  of  methylal  aad  acetone  [  the  '  pyridine  '  ring :  either  by  oxidation  of  the 
with  gaseous  hydrogen*  chloride,  and  '  oorres{*ondingmethyIquhioUne,or byeynthetioal 
then  heating  it  with  aniUno  and  concentrati-d  '  methods}  v 

hydrochloric  acid  (B<?yer,  J.  pr.  Chem.  1886,'  (ft)  For  those  containing  it  in  the  *  beniene » 
[2]  33,  418;  Farbw.  vorm.  Mci';ter,  Lucius  &    rin-.' :   either  by  Slcraup's  iii<  fb.Kl,  or  Iv  liv- 


drolysis  of  the  nitrile  obtainable  from  the  cor- 
res])onding  amino-  derivative  by  Sandroeyer'a 
method  or  fmm  th<-  .-ulphonic  Acid  by  dtstiUa* 
tion  with  potassium  c>auide. 

Oxidation  of  the  alk^  lquinolinea  is  usually 
offect<xl  by  means  of  chromic  acid  in  dilute 
sulphuric  acid,  as  the  action,  although  slow,  is 
limited  to  tho  alkyl  groups.  With  ix-rmangan- 
ate,  the  '  bensene '  ring  is  ruptured,  leading 
to  the  production  of  pyridinecarboxylic  acids. 


Briining,  D.  R.  P.  35133  of  1885);  also  by 
distilling  2-hydroxvleptdjne  with  rino  dust 

(Knorr.  Annalen,  1886,  235.  94) ;  or  by  lu  aiing 
leptdine-2-carboxylic  acid  above  its  fu&ing-iiuint 
(Koenics  and  Mengel.  Ber.  1901^  37,  1824). 

Proprrlies. — It  i.s  an  oil,  b.p.  2^1.'i".'i^  under 
746-7  mm.,  sp.gr.  1  U862  at  20'  (Kmkau,  cf. 
Chem.  Soo.  Abstr.  1886,  50.  162),  has  the  odour 
of  nuinoline,  and  is  miscible  in  all  proportions 
with  alcohol,  other,  benzene,  or  light  i»etroleum. 

Tho    pUUinichloride    forms    iriclinic    crystals,   except  in  the  c  i><-  of  2  alkylritiinoliiics   uli.  n 
m.p.  22tf<'-230'' (Knorr, /.c),  the picrate,  ctystala, 
m.p.  2120-213'>  (Kmlcau,  l.c),  the  meihuidide, 
prismH.  m.p.  173M74^  (Hoogewerff  and  van 

l)orp.  I.e.). 

Reactions. — (1)  By  chromic  acid  mixture  it 

is  oxidisi-d  to  t  iuchonic  (qiiinoline-4-carbox\ lie) 

acid,  but.  With  alkaline  |R-ruianganato  it  gives 

pyridine-2  :  3  :  ^'tricarboxylic  acid  (Hoogewerff 

and  van  Dorp,  Ber.  1880,  13.  1610), 

(2)  Like  quinaldine,  it  funushcs  ooiideusation 

pnxluots  with  aldehvil'  -  (Kot-nigs,  Bee.  1698, 

31,  2364;  Loew,  ibid,  1903.  36,  1166). 

■  TlieevldeaoetltatllaAtter  and  Miller  's  quinaldine- 
IMdphottleaeM  faitheS*  and  not  the  T-derlvstlve  rmta 

on  R moda^kMi  of  a  qulMldiaecarbox>ite  srid,  j  of  2-»iainolyieihauol  (founed  by  the  condensa- 
»iid  not  the  7«  derivative  (Ueoker  and  Bemliy,  nvra).  witd  of  sp.gr.  1-4  (Bcathom  and  Ibele,  Md, 


aoyl  derivatives  ui  anthmnilic  acid  are  obtained. 

Tho  (luinoIiiiecarboxyUc  acids  are  crystalline, 
readily  l'i>c  c  arbon  dioxide  ulu  ii  heated  with 
lime,  ajid  form  stable  salts  both  with  ba.ses  and 
adds,   la  many  oases  they  form  quatematy 
'  ammonium  compounds  with  alkyl  iodides,  frt>ra 
.  which  betaine?  and  not  h\'droxido8  result  by 
I  interaction  with  silver  oxide  and  water.  The 
'  only  acids  which  call  for  detailed  mention  here 
are  the  2>  and  the  4^  derivatives. 

Qulnoline-2- carboxylic  aeld  {Qainaldic  acid), 
I  is  obtained  by  oxidation  either  of  quinaldine 
I  witb   I  itrornic   acid   in   dilute  sulphuric  aoM 


(lH)r 
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I  MiUer,  V,rv.  IH83,  16,  2472),  or 
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1000,  39,  2329).  Tho  acid,  HA+2UtO,  forma 
needled,  m.p.  (anhydrous)  ISA**;  the  cMoTMle, 
tuMMlli's.  m.p.  rtV-Os-  {rf,  inter  alia.  B<\sthoni 
and  Ib«lo,  Bor.  1905,  38,  2127;  ibid.  IWM,  39. 
2329;  Berthom,  ibid.  1909,  42,  2697;  Meyer 
and  Tumau.  ibid.  1H>6).  Whun  the  acid  in 
heated  at  ISO^'-ISS"  with  acetic  anhydride,  or 
the  chloride  interact^s  with  quinoHno  in  the 
cold,  a  rvd  dye  C„H,jON,.  m.p.  230^-240',  is 
obt«ine<l  (Besthom  and  Il»ele,  Ber.  1904,  37, 
123«>;  IIH)-).  38,  2127;  Besthom,  tWtf.  1908, 
41,  2U01 ;  jU.  &.-F.  IWMH  of  1906). 

QillMliiW-4-«ttlNn9lte  MM  {dnehoitie  aeid) 
is  th*'  c  hirf  product  (.W  p.c.)  obtained  bv oxidis- 
ing cinchuninu  with  chromic  acid  (koenig«, 
Ber.  1879,  12,  97;  1894.  27.  1501);  and  is 
fornunl  similarly  from  ciiuhonidine.  cinchuten- 
ine,  cinchotenidino  (JSkraup,  IVr.  1S71»,  12,  230; 
Annalen,  1880,  201.  303)  or  lepidinc,  ( Hoo^.  wi  rff 
and  van  Dorp.  Reo.  trav.  chim.  1883,  2,  10). 
Fbr  a  83m thesis  from  quinoline  methiodide,  rf. 
Kaufmann  and  Pever,  Ber.  1912,  l"*,  1805. 
The  acid,  UA+U,0>  forms  needlefl,  or 
HA+2H,0,  trieUnte  or  monodinio  prbms,  m.p. 
(anhydrous),  253°-254'' ;  and  the  chloride, 
needles,  m.p.  170°  (H.  Mtyer.  Monatsh.  1901, 
22,  109).  On  nitration  it  yieldrt  5-nitrocinchonic 
acidfltom  which  by  nxluction  t  fio  peri-  anhydride 
of  5Hftminoeinchonio  acid,  m.p.  254°-255'',  is 
obtained  (KoenigB  and  Um&avr,  Ber.  1899,  32, 
717). 

Quinie  aoid  (O-mefilaryelwelome  acid),  ob- 
tained when  quinine  is  oxidised  with  chromic 
aoid  (Skraup,  Ber.  1879,  12.  230,  1  H)4).  has  been 
.synthesieed  from  T^-anisidine,  methylal,  and 
ethyl  pyruvate  (Pi<  t<  t  fiTid  Misner,  Tier.  1912,45, 
1801).  It  forms  pn^^nis,  m.p.  280%  and  in 
alcoholio*  but  not  aqueous  aotntkm*  ihowi  Uae 
fluoresoenoe. 

TsfHAHTSBO-  DonuxnraB. 

Tetnhydroquinoline  is  obtained  from 
quinoline  by  r^uction  with  zinc  and  hydrochloric 
acid  (Wyschnegradsky.  Ber.  1879,  12,  1481), 
tin  and  hydrochloric  acid  {ibid.  1S80,  13.  2400; 
UoSmann  and  Koenigs,  Ber.  1883,  16,  728), 
•odinra  amalgam  (Ko<-nig8,  Aid,  1881,  14,  100), 
■odium  and  alcohol  (U'l  iuel  and  GlSscr,  Monatiih. 
1880,  7,  328),  or  elect rol^'tically  in  dilute 
•nlphuric  acid  solution  (Ahrens,  cf.  Chem.  Soc, 
Abetr.  1897.  72.  i.  3*i!» ;  Merck,  1).  ll.-P.  90308 
of  iSlHi;  1U4«)04;  Eii),'.  Pat.  21171  of  1898). 
It  is  also  fornjed  from  2-hydn>xyquinolino  by 
reduction  with  sodium  and  alcohol  (Knorr  and 
KlotK,  Bor.  1886,  19,  3302).  To  Isolate  the 
l>ase.  tin-  re<lu('tion  jiroducf,  if  ncid,  is  made 
alkaline  and  distilled  with  steam  ;  tetrahydro- 
quinoline  and  unohani^  quinoline  pass  over, 
and  the  former  is  preoipitatetl  as  hycfrochloride 
l>y  i)as.>ing  hydrogen  chloride  into  a  drv  ethereal 
« xt  raot  of  tkie  distillate  (HoflEmaan  and  Xoenigs, 
kc). 

Properties. — ^It  is  an  oil,  which  solidifies  in  a 
freezing  mixture,  b.p.  i')!"  (corr.),  sp.gr.  1'0627 
at  16716"  (Perldn,  Chem.  Soc.  Trans.  180tt, 
09,  1214),  and  has  the  properties  of  a  secondary 

alkylated  aniHne  (rf.  Baml>er^er  and  Wulz, 
Ber.  1891,  24,  2055).  It  is  oxidised  to  quino- 
line by  nitrobonEcno  (Lellmann  and  Heusch, 
Ber.  1HS9,  22.  2390).  niercurio  oxide  (Tafel.  ibid. 
1892,  25,  1022),  silver  nitrate  {ibid.  1894,  27, 


824),  or  iodine  (Schmidt,  Arch.  Pharm.  1899, 
237,  001).   The  *piperidine '  ring  of  its  quater- 

nary  ammonium  derivatives  is  not  ruptured  by 
the  Ilofmann  method,  '>ut  by  reduction  with 
sodium  amalgam  and  r  (Emde,  Annalen, 
1912,  391,  90).  Its  benzoyl  derivative,  m.p.  76", 
on  oxidation  by  ix>rmanganate  yiehls  benzoyl- 
iaatic  acid  (HolIniHiin  and  Koenign,  I.e.).  The 
h^drochioridt  forms  needles,  m.p.  IbOMFried- 

laender  and  Ostennaier,  Ber.  1882,  IS,  836). 

1  -M e t  h  \  1 1 1  t  r a li \- d  r o q u i no  1  i n e,  obtained 
either  by  iiu  tiulation  of  tetrahydroquinoline 
(Hoffmann  and  'Koenigs,  Ber.  1883.  10,  732), 
or  by  re<lntf  ion  t»f  tetrahydroquinoline  methio- 
dide with  tin  and  hy<lnjchIonc  acid  (Feer  and 
Koonigs,  tbid.  1885,'lH,  2388),  or,  Buaed  with 
2-methylquinolone,  by  the  aotioin  of  oaustio 
alkali  solution  on  quinoline  methiodide  (Decker, 
Ber.  1(M)3.  'M\,  2508),  is  an  oil,  b.p.  242°-244'' 
under  720  mm.,  so.gr.  1  022  at  2074°,  which 
resemblee  dimethyianiline  in  many  of  its  pro* 
yn  rtit Tlu-  sxilphalc,  KairoUne,  was  at  one 
lime  used  as  an  antipyretic  ;  the  picrate  forms 

I  yellow  needles,  m.p.  144'5'  (Decker,  f.e.). 

2-Methyltetrahydroquinoline  {leIrO' 

I  hydroquinauline).  obtained  by  reducing  quinal- 
dine  by  tm  and  h\  (lrochloric  acid  (Doeuner  and 

j  Miller,  Ber.  1883,  10,  2407),  is  an  oU,  b.p.  250" 

<  oorr.,  sp.gr.  1-042  at  16*/4*  (Ladenbnrg,  Atei. 
1894,  27,  77).    The  base  has  Ixn-n  resolve<l  into 

,  its  optical  antiiKtdes  (Pope  and  Peachey,  Chem. 

I  Soc.  Trans.  1899.  76,  1066 ;  Pope  and  Read, 
ibid.  1910.  97,  2 !'"•). 

I  (ii.)  0-Hydroxyietrahydroquinoline,  formed  by 
reducing    6-hydroxyquinolino    with    tin  and 

I  hydrochloric  a«id,  is  crystalline,  m.pk  148" ; 
its  Metyl  deiiTatiTe  crystalliMa  in  needles, 

I  m.p.  82'  (Bad.  Anilin-  A  8oda«iVkb.,  D.  R.-P. 
42871  of  1887). 

Its  methyl  ether,  thalHne,  C,Hi,NOCH,. 
forme<l  when  6-methoxyquinoUne  is  retlucf-d  by 
tin  and  hydrochloric  acid  (Bad.  Anilin-  Sc  ISoda- 
Fab.,  1).  30426  of  1884  ;  Skraup.  Monatuh. 

1885,  6,  767),  or  0-hydroxytetrahydroquinoline 
is  methvlftted  by  any  of  the  onlinary  processes 
(Ba<l.  Anilin-  &  Soda-Fal...  I).  It. -P.  42871  of 
1887),  forms  rhombic  prisms,  m.p.  42°-43'', 
b.p.  283*  under  736  mm.,  and  dimolves  only 
very  sparinijly  in  cold  water,  but  readily  in 
alcohol.  The  aqueous  solutions  of  its  salts  aro 
coloured  an  intense  green  by  ferric  chloride, 
chlorine  water,  or  other  oxidisinp  agents.  Of 
these  salts,  tho  sulphate,  h.  li  S{)^  i-2H.X). 
needles,  soluble  in  5  pts.  of  water  it  tin-  uniinary 
temperature:  and  the  tariraU,  B-UiiJcO*. 
prisms,  soluble  in  10  pts.  of  water  at  16',  were 
at  one  time  eniploye<l  as  antij»yn>tics. 

(iii.)  8-Hydroxyt«trahydroqulnoline,  obtained 
by  reduction  of  8-hydro3^rquinolino  with  tin 

and  hydrochloric  acid,  crystallises  in  needles, 
m.p.  121''-122'',  irt  n<it  yolatilu  with  steam,  and 
dissolves  fairly  readilv  m  hot  water  (Bedall  and 
O.  Fischer,  Ber.  1881,'  14.  1368).  Both  this  baso 
and  its  1-alkyl  derivatives  can  be  used  as  photo> 
graphic  deveIo|M  rs  (fx'mbaoh  and  Sdileioher, 
1).  k-P.  80978,  89181  of  1895). 

The  1-mcthyl  derivative,  OH*C,H,N*CH,. 
Kairlne,  prei>ared  by  mixinj^  cartfulh  the 
tetrahydro-  base  with  methyl  iodide,  and  com- 
plotini^  tho  reaction  in  a  reflux  apparatus 
(O.  FL^chor.  Bor.  18.s:{.  10,  714;  1>.  B.-P. 
21150;   i::ug.  Pat.  3044  of  1882),  crytttailiiiu^ 
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Iroiii  alcohol  in  prisms,  m.p.  114",  diaaolvM  oiUv 
81>iringly  in  water,  but  veMily  in  warm  alookol, 

und  in  alcoholir  solution  gives  witli  ferric  <  hiorido 
»  ddtp  bro\%-n  colouration.  The  rtadily  soluble 
h]fineMoridc,  B  UC1+H,0,  wm  at  one  time 
employed  as  a  fi-brifugo. 

The  1-ethyl  derivatives  which  tlusuly 
resemblosi  the  1 -methyl  connwund,  forma 
monocLiaio  pmnu,  m.n.'  76"  (O.  Fischer,  Ber. 

1883.  16.  717 ;  O.  FSschor  and  Renouf.  ibid. 

1884.  17.  75»3).  Similulv.  its  Injclroihlorfdc, 
B'HCl  (Kairiue  A),  has  antipyretic  properties. 

Both  in  their  mnde  nf  propan^f  imi  ami  in 
ni;iiiy  of  their  properties,  the  phenyl<juinolinetj 
ahow  much  reeemblanoe  to  the  alkylquinolines. 
Those  containing  the  aryl  prouj)  in  the  2-  <  r  H 
IKJflition  can  bo  pro})ared  by  icuctions  isirDiiar 
to  those  ctiijiloyeu  by  Doetmcr  and  Millt  r.  or  by 
Friedlaeniler  fur  alkylquinolines  (c/.  Docbner  and 
Miller,  Ber  1883.  16.  1665 ;  Friedlaend(*r  and 
(M'<]ith\<s.  if)i(L  183,";  r.  ]i\t.  472,  4T.'V'.  antl  thogo 
contaiuiiiK  it  in  the  0-  or  8-  potiition  by  Skraup's 
reaotkm  (e/.  La  OoBte  and  Sorger.  Annalen, 

1885.  230,  8).  Aa  radiclof  such  as  ri.  X().. 
NHj,  ,SO,H,  OH,  and  CO,H  may  oocur  in  the 
aryl  group,  in  addition  lu  KubstituentK  present 
in  (lie  qiiiiioline  comi>lr.x,  tin-  number  of  phenyl- 
iiuniulino  (lorivativca  id  large,  lioferenco  can 
l>e  mft<lo  litre  only  to  thono  which  furnish  dj'e- 
Blutbi  oc  are  related  to  cinchona  alkaloids. 

S-PtenyM-methylquinoIIne  (flavoline),  oh. 
taidcd  by  ht'.itiu.r  (iiivfuul  with  zinc  dufit  (O. 
Ifischer  and  Kudolph,  Ber.  i«82,  15.  1603),  or 
o>aminoaioetO]Aeinone  with  a  aolntion  of  aoeto- 
phenono  in  aqueou.s  alcohol  n  iMli  ii  cl  alkaline 
with  caustic  soda  (O.  iTiachcr,  ibui.  188(S.  19. 
1037).  forma  priima,  m.p,  b.p.  373^- 

375*'  (Bemthsen  and  Hess,  ibid.  1885,  18,  34). 
It  i.s  scared}'  attacked  by  chromic  acid  mixture, 
but  readily  oxidised  by  alkaline  permanganate. 
On  nitcatioo  with  laming  nitric  acid  at  fiO^-tiO", 
it  gives  the  4''nUro-  denvative,  whidi  has  an 
"ulnur  of  musk.  :ui<l  when  reduced  y  1  ! 
Jlavaniline  (Bestbom  and  O.  Fischer,  Ber.  i66\i, 
16,  68).  i 

Flavaniline  {i' -ami no-2- ph*' n yl-i-nielfi'/hrnifw- 
line)  was  first  prepaiitl  by  henting  acetanilido  ; 
with  zuic  chloride  at  250''-270*'  (O.  Fiaoher  and 
Ruilolph,  Ber.  1892,  15,  1500;   Karhw.  vorm. 
Meister,  Luciu«  &  Briining,  D.  R.-l\  11*706 ;  I 
Eng.  Pat,  6427  of  1881),  its  constitution  being 
ai^certained  partly  by  it«  conveiaion  into  fiavenol 
by  the  dian>>  reaction  (O.  Ffaohcr  and  Ita<Iolph, 
I.e.)  ami  jiarfly  hy  H-i  synthesis  fnun  a  mixture 
of  o-atnino-  and  p-amino-aoctophcuouo  with  ; 
sine  chloride  at  100*  | 

C«H4<^^^^"»  -}-CH,COC.H,NH,  | 

^  ^eH.<^^;f^^  +2H.0  ; 

(0.  Fi«cher,  Ber.  1886»  19, 1038).  I 
It  can  also  be  obtiUned  by  heating  atoiline  | 

hvdrni  lileride  with  acetic  anhvdrido  at  ISO''- 
200'  (Baum,  D.  K.-P.  27U48  of  1883),  or  aoetau- 
ilkle  h>'droch1oride  at  280"  (Noelting  and  Wein-  | 
gartncr.  Ht-r.  1885,  18.  1341),  or  acetyl-o- 
aminobttiiuic  acid  with  dehydrating  agenUi 
(Farbw.  vorm.  Mrintcr,  l^ucins  &  Briining^ 
1>.         21082;  Eng.  i^U  1724  o£  1882),  or 


aoetophenoneoxime  with  pho8phoric  oxide  at 
W*  (GoMaehmidt.  Chem.  Zeit.  1903,  27,  279). 

Propirtiff. — It  crystallLjes  from  lx;nzeno  in. 
prismti,  m.p.  97^,  volatilises  without  decompoai* 
tion,  and  (iiiwoives  only  very  si)aringl>'  in  water, 
Ifiit  reatlily  in  alcohol.  It  fcirni.s  two  scriv.s  of 
.Hults,  those  with  1  mol.  of  a  niunoha.'^ic  acid 
being  yellowish-red,  but  those  with  2  m<.<\<. 
colourless.  The  hydrocJdoriiU  ^^S^^^i:\ 
ha«  been  employed  as  a  brir^hl-yeilow  dye  lor 
tsilk  and  wool  (Idiehlin,  Dingl.  poly.  J.  1884, 
253.  80).  It  dissolves  in  sulpliuric  acid,  but  is 
ttulphonated  by  anhydrosulphuric  acid,  forniiii;^ 
Fla  V  a  n  i  I  i  n  c-S.,  a  ^rt'enish-ycllow  dyt'  for  n\o<>1. 

i»o Fla va n  i  1 1  ne  {2' 'anUno-i-phcHyl^'mdhyl- 
quindine),  giving  an  intenae  yeliow  aolntion  in 
cold  water  or  alcohol  (Bischlcr  and  Biirkarl. 
Ber.  1893,  20,  1353),  and  dHiminoA-phcnyl- 
quinoline  (Farbw.  vorm.  Meister,  Ltuius  ft 
BrUning,  D.  &.P.  78386  of  X886)  have  been 
ilcscribod. 

Fiavenol  ( 4 '•hi/draty-2-phe nyU^-methylquino- 
Z»»e),  obtained  fium  flavanilinc  by  the  diazO" 
reaction,  Ibmw  aealoc,  m.]i.  2:]^",  dissolvee  only 
sp:\rin^dy  in  alcnhol,  hut  readily  in  caustio 
boda  solution,  and  is  inboluble  in  ammonia. 
On  distillation  wi^  sine  dtiat  it  yielda  fiaooUne, 
and  on  oxidation  with  alkaline  permanganati- 
it  yiekls  a**  linal  product  pyridinA'2  :  4  :  5  :  t>- 
tetrncurhoxylic  acta  (0.  FSs^ier  and  T&nbev, 
Ber.  1884,  17,  2926;. 

Among  the  hydroxy-4-phenylquiiiuIiiic5  are 
two  degradation  pro<lucta  of  cinchouine  and 
cinchonidine,  via.  ajNtcincheoine  (apooinchine), 
and  apoqumenine  (apoohmine),  c/.  Koenigs.  Ber. 
1893,  20,  713;  1894,  27,  901.  Alao,  of  th. 
three  isomeric  4>phenolauiuolinee  which  have 
been  aynthedaed,  V'hywo»t/A^hefkylqv»^ 
is  a  degratlation  product  of  apocinchenino 
(Koenigs  and  Nut,  iWv.  1887,  20,  622;  Beathom 
and  Jaegle,  ibid.  J8!t4,  27,  907;  Farbw.  vorm. 
Meister,  Luciua  &  BrOning,  J>.  &.'P.  79173  of 
1894). 

Descriptions  of  the  preparation  of  the 
following  ar^l  derivatives  are  to  be  found  in 
the  Patent  fiterature:  2'-,  3'>  and  4'-hydroxy-4- 
phenyUiuxnaUline  (Farbw.  vorm.  Meister,  Lucius 
&  Briining.  D.  R.-P.  80501  of  189^1);  6- 
hydroxy-it-phen^quinaldinit  {ibid.  D.  R.-P. 
70871  of  1894);  6-m€<Aaey.4.pjleiislaiiiiMj((»ite 
{ibui.  D.  K..P.  35133  of  1885). 

QvATmrABx  Aucoimni  OoxForKDS. 

Quaternary  ammonium  fquinolininm) 
compounds  nre  obuiined  by  the  combination 
of  quinoline.  its  homologues,  and  tlm  gnater 
number  of  its  drriv alivcs,  with  alkyl  iodides. 
Refereucc  to  two  only  o£  thcdc  ojmpounds  can 
be  made  here. 

Quiuolino  mothiodide,  obtamcd  from  a 
solution  of  dry  quinoline  and  methyl  iodide  in 

ben'/.cnc   ••itli.-r   kt'l>t  in   the  cold  (Kanfmanii 

and  Albertiui,  Ber.  1909,  42.  3779).  or  heated 
in  an  efficient  reflnx  apparatus  (Matokwald  and 

Meyer,  ihid.  IWO.  :?3.  1S84;  Decker,  ibid. 
2270K  forms  yellow  cry-sUils.  m.p.  133°,  which 
separaii-  tr  im  dilute  alcohol  as  the  hydrate 
C,oll,.,NI+H.O,  m.p.  ir  (Becker,  Ber.  1903, 
36,  1205,  2568). 

<)uinoline  ethiodide,  forms  yellow 
neccUca,  m.p.  1S8'''-160''  (Uoogewcrff  and  van 
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r>nrp.  R«-c.  trav.  oldin.  1S83.  2,  321).  and  when 
hmlvii  at  2«O°-290*w  t  oiivt  rled  iuto  a  niixturu 
of  2*  and  A-Hhylquinolint  with  diethylquinoline 
(Rch.  r.  Ik  r.  18K(}.  W),  29»0). 

Frmn  the  (luinolinium  alky!  UMlidcs  throe 
types  of  compound  cnii  Ijc-  ohtaiiicd  by  inter- 
•etkm  with  cauHtic  alkali.  Thetw  are  the  quino- 
lonm.  tho  apocyanines,  and  the  oyanines,  the 
li-Mt-namod  Ix  in.'  <l\c  stufTs  wliii  h  nlthouj^h  tof> 
/ucitive  for  ordinary  dyeing  purpo«t'jf — are  valu- 
aUe  M  wnntiBera  in  photograimio  work.  The 
ronditiuns  under  which  thoy  arc  formed  are 

Sveii  in  tho  following  seetiona:  I  (quinolincs), 
(«;jo«-vaninea  and  cyonines). 
I.  W'hen  quinolinium  alky!  iodi<leH  interact 
with  a  solution  of  eauntic  alkalior  asuHp-nHion  of 
silver  oxide  in  \viil<T,  ImscH  are  precipitated,  as 
a  rule,*  which  differ  from  the  expected  quater- 
nary amnumhiiB  hydroxidM  *  by  oefaig  insoluble 
inelhiT.  hut  are  reconverted  into  the  quiinilinium 
Mlt«  by  combination  with  acidtt  (r/.  Claus  and 
Himmeimann,  Ber.  188(».  13.  2i>4r>).  In  alkaline 
wiliitinri  th'  -f  lia<<  v,  like  aldehyclex.  MutTer  both 
oxidation  and  nnluction,  giving  a  mixture  of 
quinoKme  and  t«  t  rahydroqumoline,  and  they  are 
oxidijiod  by  alkaline  f<Tricyanido  Holution  form- 
ing quinotanes  (Decker.  Bor.  1891.  24,  690; 
18y2,  26,  443,  3320;  1903,  3«.  2r>(i«).  When 
boiled  with  alcohol  they  form  mixed  ethers 
(*aloohobtea '),  uid  they  give  snhydrideM 
('oxides')  when  heate<l  with  iKn/.n. 
Uwte,  Ber.  1882,  16.  IHO;  Hantsuich  and  KniU, 
an.  1890.  32.  3119;  Kaufnwim  and  Strttbin. 
if>iff.  1911,  44.  ()82).  Decker  considers  them 
to  be  quinolanobi  (ik>r.  1892,  26,  332H).  but, 
while  intermediate  oompounda  of  this  type 
may  occur  in  the  reaction,  the  probabilities 
point  to  tho  baees  themiielvee  being  amino- 
•Mehydet.* 

CH 
'rv  I' 


CH-OH 


OH 

Me 

Qiiiiiolininm 
hydroxide. 


Qnhiolnnit. 

(HO 


f'HH.xjiHMe 
Amino-oldehyde. 

(Rmier.  Annnlcn,  1892,  272.  221  :    1894,  282. 

<;idam«r,  Arch.  Pharm,  HM)5,  213,  12; 
lb08,  240,  89 ;  Kaufmann  and  iitrttbin.  I.e. ; 
Kaufmann  and  Vl£  y  JaninI,  Ber.  1911,  44, 
2670). 

II.  iJy  tho  substitution  of  methyl  alcohol 
at  solvent  for  the  nlkali  in  place  of  water,  the 
end  product  of  the  reaction  l^-comes  an  ap<h 
cyanine  or  a  cvanine,  according  as  tho  quinol- 
inium  ftlkyl  iodida  empbyed  is  ftungle  •nbstanoe 

'  The  lU'Kri'e  i>{  fii'liiK^s  witli  whii  h  this  r<;iifion 
l-ikf*  pluce  in  greatly  inlluuiu  cd  hy  !*iit'^t  it  lUMits,  niich 
"  Ni>,,  NHj,  etc.,  iiri'K'iit  in  thi-  niulri  nlr  irf.  iJeckcr 
•irul  Kaufin.-iiiii,  J.  pi.  Cheiii.  I'.Ul,  (Jj  Hi.  441). 

•  In  wilutioni  of  iJi'Miiiiiiuliiio  hnt  not  of  <|iiin<<linc 
'lerivalivert,  an  cqiitlibrfiini  Im  (^ct  "p  lji-t«rrn  Wu: 
amiiionium  hyciroxi<le  and  ttte  baitu  (Dtickt  r  ami  Kanl- 
iiunri.  J.  pr.  Chcm.  I  sill,  |2j  84,  'J.'S>,  r^:>\.  and  tli.; 
production  of  *  phcnollictjilnf* '  (mm  li\dro\\  i|iiiii.i|itic 
alkyi  lodlrle<4  al.4o  affordn  (•vldfiiro  that  the  aniinonnini 
hydroxiilcH  are  fornieil  in  the  llrAt  iiistuiuo. 

'  Fur  tlie  rupture  of  the  *  nyridine '  ring  ami  forma* 
tloa  of  an  aldehyde,  which  this  view  entallM,  an 
aoakMCHM  caw  exists  in  fielisert's  obwr^-ntion  that 
<l«inoUoe  In  tba  iwaniM  ci  benxuyl  chloride  and 
WMtle  aoda  it  eonvartad  into  o-beniuylamiouclnnaniic 
ddetirde  (Ber.  1006,  8S>  3416). 
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or  a  mixture  containing  qaina]din«  or  lepidin« 

derivatives. 

uy>oCyanines.  The  apooyanines  are  formed 
when  for  eudi  molecule  of  tho  quinolinium  alkyl 
iwlide,  J-j  molecule  of  caustic  alkali  is  used, 
two  produota  being  obtained,  viz.  the  yellow 
xanlMcyanine*  and  the  red  vrj^hriKyaniMa.  A 
typical  pn'paration  ia  the  following;  To  a  floln* 
lion  of  <iuiii«»linium  methyl  iodide  (28-5  ^irriiH) 
in  boiling  methyl  alcohol  (16  c.c),  two  additioini 
(each  14  o.o.)  of  10  p.c.  methyl  alcoholic  potaah 
arc  made,  wit  h  an  interval  of  ten  minutes  In  t  \s  <  en 
them,  and  the  product  left  to  ciytitalliM;.  i-'rom 
the  crystdUneaepftntion,extmotion  with  methyl 
alcohol  removes  the  erytbrocvanlne,  leaving  a 
vellow  residue  of  the  lesa  soluBle  xanthocyanine 
"(Kaufmann  and  Striibin,  Ber.  1911,  44.  0'.>4 ; 
JTarbw.  vorm.  Meiatcr,  Luoiua  &  Briining, 
D.  II..P.  IM448  of  1903). 

Those  duH  are  fli.stiiiirni-hfd  from  the 
cyanines  by  tho  fact  that  ui  aquo/u.vt  (solution 
they  are  not  decolouriiMxl  at  ont  e  by  acid.') ; 
ulkali-s  also  do  not  affect  the  colour  of  tliiii 
HolutioiiH.  For  their  cuubtitution,  c/.  Kaufmann 
and  Striibiii,  I.e. ;  Decker  and  KMlfmUin,  J.  pr. 
Chem.  mil.  [2J  84,  2311. 

Cyanines.  Tin-  timt  eyanino  or  quinoJinc- 
bluo  wart  pn  pah'i  by  Grcvilie  Williams,  who 
obtained  it  by  ihu  action  of  caustic  alkali  on 
the  pnKluct  formed  by  heating  quinolinc  (from 
cinchoniiu",  but  not  fn>m  coal-tar)  with  amyl 
iodide  (Tcamt.  K.  S.  Edm.  1866,  21,  377 ;  Chcm. 
News,  1863,  2,  210).  Hofmann  showed  it  to 
be  a  derivative  of  quinolinc  and  Ic  pidiiic  (lUty. 
Soc.  Proc.  1803,  12,  410).  and  Hoo^cwcrll  and 
van  Dorp  (jave  to  dvea  of  thin  cUhh  the  formula 
C„H,,N,.XYI  (in  which  X  and  Y  arc  alkyl 
groujw),  representing  the  cyauinc  i-uactiun  lhu»  : 

I  C,H,N-XH-C,oH,N  YI+KOH 

1  -('..H^Nj  XYl  +  KI  i  H,0+H,. 

\  Ibay  also  found  Uiat  while  blue  dyes  result 
■  from  the  oondensation  with  lepidine,  reddish* 
violet  I'.socyanineH  art;  formed  with  quiimldine 
(Bee.  trav^  chim.  1883,  2,  28;   1884,  3,  317; 
cf.  SpaltehoU,  Ber.  1883,  16,  1847). 

i^re/wra/to/i.  — Varioti.s  niodiiicatioii-'  of  tho 
original  method  of  prc|Hirution  or  inoilc-  of 
purification  have  been  proposed  {cf.  IkHt^ewerf! 
attd  van  Dorp,  /.c),  but  in  none  of  these  is 
account  taken  of  the  simultaneous  production 
of  a7>ocyanincs.  Kaufmann  antl  Vonderwahl 
obtain  ethyl^rod  by  the  inturaction  of  quinolinium 
ethiodide  (2  mols.),  quiiialdinium  ethiodide 
(1  mol.).  and  ran  ti  |>ota:sh  (1  inul.i  in  cold 
alcohol  (1  litre  lor  oO  grauut  of  the  mixud  iodides). 
After  two  days,  the  erystalUne  separation  is 
removed,  and  a  further  hc|Miratioti  <d>tained  by 
concentration  of  thu  mother  liquor.  These 
hopatmtiona,  a  mizturo  of  ethyl-rcd  with  diethyl* 
crythrou;)ocyanine,  are  purihcd  by  cryiitalliaa* 
tion  from  alcohol  in  wnieh  ethyl-re<i  is  only 
HiMiringly  >'i)lubK<.  'J"hc  yield  of  f//(m\aninc  i.s 
al)out  double  that  of  the  ethyl-red,  but  it 
diminishes  with  a  corrrsjiondinK  inorcaso  in 
that  of  til"  (-'«  vanitii-  if  the  o])cration  i.-s  con- 
ducted ui  Ijoilmg  alcohol  (Uer.  1911,  44,  1409; 
cf.  Miethe  and  Traubc,  I>.  R..P.  142926  of 
1902). 

rropcrlies. — Tho  cyaninej4  cr^ .ilulli.se  well, 
usually  with  water  or  alcohol  of  cryHtallisation, 
and  havo  an  intomw  colour,  but  an^  at  ouco 
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decnlndrist'd  by  tuid-.    They  are  the  mono-  , 
acid  salta  ul  diacid  bases,  tho  normal  or  di- 
Mid  salts  bK'ing  ctUourle.s»  or  yoUow,  and  readily  | 
decomposed  into  tho  dyo  (monu-  auid  sait)  and 
acid.    They  form  Kparingly  soluble  periodieks,  ' 
from  which  tho  cyanine  can  be  n  tdv*  ri  d  by 
intecaotion  with  alkali.   On  silk  they  givo  vaiy  . 
beautiful  blue  shades,  but  being  fast  neither  to  ! 
light  nor  a(  ids  an?  Viiliieless  aa  dyes. 

Constitution. — For  the  production  I'f  I'.foeyan- 
incH,  quinaldino  is  essential :  Mocyaniiu's  can  bo 
ohtrtirHHl  from  qninaKliiiiuin  alkyl  iodidt-s  in  the 
ub-^t^-ncr  ut  other  quateruary  ludideii,  but  not 
Irom  l<  ]iidimum  alkyl  iodides  under  this  con« 
Uiliitn  (Hoogewerff  and  van  Dorp,  I.e. ;  cf. 
Mietho  and  Book,  Bcr.  1904,  a7,  2U08,  2821). 
From  a  oon-^idi  r.Uu'U  of  the  iiiv«  -li;;ai.i(iiis  of 
JUoogewcrS  and  van  Durp  {lx.)t  l>eckur  (Ber. 
1801,  24,  692),  Vongenchten  and  Hofehen 
{{hid.  41,  3054),  Alietho  and  Book  {ibid. 

1904,  37,  2<X»8.  2821),  and  KHufinann  and 
Strilbin  (I.e.),  and  of  tho  n-.sults  of  their 
own  work,  KauliUfinn  nnd  ^'  i  1'  nvahl  draw 
thu  conclusion  that  iku  loriuuLi'  proposed 
by  Koonig  (J.  pr.  Uhem.  1906,  [2]  73,  100) 
afiocd  tbe  best  representation  of  the  atmotare 
of  these  dyes  (K  being  the  alkyl  group>-~ 

O 


^N<f 


1     II     II    /it  I     l]  II 

R  B 
{fsOyeeloe.  (^anlne* 

(Ber.  1912.  45. 1407  ;  cf.  Decker  and  Kaiifinaon» 
J.  pr.  Chem.  1911.  84,  [2]  235). 

U«c  (W  semitiscrs  in  pltotography  {cf.  Sheppard, 
Chem.  tioe.  Trans.  190!>.  'J5.  1.').  The  c yaninps 
have  tho  valuable  pro]>LTiy  uf  Miisni-iii;^'  the 
photographic  plate  for  yellow  and  red  Ituht. 
Those  from  iepidine  aensitiiie  to  the  G  line,  uut 
thoso  from  quinaldine  are  effective  only  so 
far  as  DJU  {cf.  Farbu.  vomi.  Mri<t<  r,  Liulus  Si 
Bruniiig.  i>.  107139  uf  1903).  By  increas- 
ing the  molecniar  weight  of  «M>c3ranines  the 
range  can  bo  ext•■Ill!e^l  ;  fur  i  vainple,  'Ortho- 
chrom-T,'  obtaiiittl  irom  O-iuluiiuinrtldine  cthio- 
dide  miSEcd  with  6-toluquinoline  ethiodide, 
wiisitisrs  to  th«  C-  line,  and  by  modifications  of 
thia  duvioo  (.focyaniniuj  can  bo  pro<luced  which 
have  the  advantages  over  cyanincs  that  they 
cause  no  fogging,  do  not  ciimimsh  the  total 
Bonsitlveness  of  the  plate,  and  ^ive  a  oontinuous 
M'UsiliMing  band,  imbroken  in  the  green  (Farbw. 
vorm.  Meister,  Lucius  &  Bruning,  D.  R.-P. 
167160,  167770;  Eng.  Fat.  9698  of  1903).  Bv 
the  use  of  ^-naphthaqniiial  lirir  t  tiide  witli 
quinolinc  i.-tluodide,  »«  n-uisiug  as  tar  si**  tile  B- 
lino  is  achieveil  (Aktieng.  fur  .:Vnilinfab., 
i>.  R.  r.  158349;  Eng.  Pat.  9450  of  1904). 

Instead  of  alkyl  iodides  dialkyl  sulphates  ha^u 
been  used  with  witisfactory  reaulta  for  the 
pcoduotion  of  quinolinium  oomponnda  in  the 
raannfaeture  of  ovaninea  (Farbenfab.  Torm.  F. 
Bayer  &  Co..  D.  K.-P.  158078,  17U048,  170049  ; 
likig.  Pat.  25144  of  19U3).  The  interaction  of 
the  alkyl  iodides  or  dialkyl  sulphates  of  the 
quinoline  and  quinaldino  liasoa  with  oaustio 


potash,  or  better  with  m\  alkali  siilphite,  can  Ix- 
carried  mit  in  hut  aquouus,  alcoUulic.orpyriilino 
solution  in  tho  presence  of  formaldehyde 
(methylal),  of  sodium  glyoxylato  followed  by 
an  oxidising  agent,  or  of  chloroform,  bromoform 
ur  ioilnfdriii,  greeiiish-bluc  or  bluisU-grefii  *  jiina- 
cy<mol '  dyes  being  produced  which  are  said  to 
be  the  best  pansensitnen  known  (Farbw.  voim. 
Mei.ster.  Lucius  &  Brttning,  D.  R.-P.  172118; 
Eng.  Pat.  16227  of  1905;  D.  R.-P.  175034, 
17i»B  of  1906;  1800A2»  S00SO7  of  1907). 

QdIN  CLIME- YELLOW. 

From   quuialdine   by   condensation  with 

phthalic  aidiyiliidi  in  ihc  presence  nf  zinc 
chloride  ihiva  products  can  bo  obtaincil,  accor<l' 
ing  to  the  temperature  empbyed.  These  have 
the  struotuial  formulic  : — 

/C(OH)-CH,-C^.N 

^CO^ 
I  (at  laOP). 
/CrCH'CJIJJ  CO 
^•"'^CO--  C.H«<J;^>CH-C,H,N 

n  (at  160").  lU  (at  200^). 

•ad  the  final  fwoduot  TO,  symaMtiieal  quino- 
phthalono,  is  the  patent  suMteaee  of  the  dys> 

.  stuff  quinoUne-yellow. 
I     Qulnophtbalone   {sym.-qui iir,])hiJtalonc ; 

!  quinohjUndandionc  ;   furnuila  111)  t-aii  be  pre- 
,  pared    by    heating    quiualdiiio    and  phthalic 
:  anhvilridc  hi  inol.  prop,  with  Jtino  chloride  at 
200*  (Jacobsen  and  Reimer,  Ber.   1883,  16, 
j  1082,  2602  ;  cf  Traube,  i6t<i.  298) ;  or,  quanti* 
tativel}',    by   heating   cpiinaldine   with  ethyl 
ohthalato  and  sodium  at  100°  (Eibner  and 
Lsnge,  Annalen,  1901,  836,  346} ;  or  by  heating 
t«oquinophthalone  (formula  TT)  at  240'*-250''  with 
sodium  ethozide  or  benjuikielnde  (Eibper  and 
Herkel,  Ber.  1902,  35,  2298) ;  of  bv  warming  the 
compound  1  with  eaustie  soda  solution  (Eumer 

and  Laiige,  I.e.). 

Preparation. — A  mixture  of  quinaldine  (5 
pts.)  and  phthalio  anhydride  (6  pta.)  is  fused 
with  zinc  chloride  (6  pts.)  at  aOO'-ZlO"  for  5-6 
hours  ;  t  he  nieli  lioiletl  with  dilute  hydrochk  rie 
acid  to  extract  auuo  chloride,  j^htliaUo  aoid  and 
I  unattaoked  base ;  and  the  insoluble  rraidue 
filtered,    •^mnnd,    and    dried    (Jacobsen  and 
Keimor.  i>.  it.- P.  23188  of  1882  ;  2514-1 ;  Eng. 
\  Fat.  1362  of  1883).   The  product  conUins  MO- 
quinophthalono  in  amnnnt  wlii  'i    h  jK'nding  on 
tho  t^miierature  eiui'lnyi  ti,  ina\  ix-aeh  25  p.c, 
but  tlii-  em  Ik;  tranafortimi  into  qumophthalone 
I  by  heating  the  melt  with  alcoholic  sodium 
I  ethoxide  until  a  uniform  itnl  mass  is  obtained. 
After  filtration,  the  r< -idno  i^j  l«jiled  wjtli  water 
to  decompose  the  sodium  salt  and  then  dried 
(Kibner  and  Merkel,  Ber.  1902,  35,  2298 ;  1904, 
37.  :?(H1S  ;  Kibner.  D.  R.-P.  I.-jSTGI  of  190:i). 
I       Fropcrd'^. — Qumophthalone  crystaliiRcs  in 
I  goldeil-yellMW  nrodle^.  m.p.  24«)°,  ia  insoluble  io 
water,  ppariiiL'ly  .-eilubl-'  in  boilin::  aledhdl,  but 
rtnwldy  soluble  m  acetic  acid  and  chiurolorm. 
I  With  sodium  and  potassium  ethoxides  it  gives 
the  todium  and  potassium  saltit,  which  form 
orange- red needle^j,  and  with  water  regenerate  the 
quinophthalone  (Eihnev  end  Merkd,  Ber.  1904, 
37,  3007). 

I  Reacikm8.~{\)  When  heated  with  hydtO' 
'  fihlorio  acid  at  240*,  or  fused  with  caosAio 
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alkali,  it  Ifl  resolved  into  qitinaUiw  «ad  jSdkaUe  i 

acid. 

(2)  When  heaUxl  with  alcoholic  amniouia 
at  2t)0''  for  40  hours  it  is  converted  into  a- 
gninopbUudit^,  »  baaio  yellow  ooiouiins  matter  i 
(F!arbw.  vorm.  Hnsier,  Lucius   ft  BrQning, ' 
J).  R.-P.  2778.1  ..r  ISS3),  fonuin^i  garnet-red 
loatlct^  m.p.  305*^  (Eibucr  and  Uofmann,  Ber.  i 
liN>4»  S7p  3rai),  iiomexio  with  fi-^idnoptUhaKfi, 
pale  yellow  piisms. 

(a)  C.H.<gJj-Jj;>CH-CH^  I 

m.p.  213**,  obtained  by  adding  phthalimido  to  a  j 
mixture  of  quiiialilinc  and  zino  chloride  at 
100°-180^  (Eibner  and  Lange,  Lc ;  Eibner  and  I 
Hofmann,  /.c).  j 

(3)  It  dissolves  in  sulphuric  acid,  but  is  I 
sulphonatod  by  anbydroaulphuno  acid  in  the 
oolcl,  forming  quInoUne-yellow,  whioh  OGnsi^ta  of ' 

a   mixtum   of    ipiinophthalonemono-  and  di- 
KUlphonio  ttcidd  ;  the  iiodium  sail,  obtained  from  ' 
this  product,  is  a  soluble  yellow  powder,  which  ' 
dyw  wool  a  fast  greenish-yellow  in  an  acid  bath.  , 

tMQtdnophtluQone  (wnaym-quinophthalone,  '■ 
2'quinaldyUne-phthalid'z  ;  Formula  II j,  torraed 
when  the  ^oinophthalone  reaction  (p.  482)  is 
carried  out  at  a  temperature  not  ezaeeding  100'.  i 
orystaUiaes  in  orange-yellow  prisms,  m.p.  1S<»°, 
dissolves  only  sparingly  m  alcohol  but  oa<iily  in 
chloroform,  and  when  heated  at  240°-250'',  or 
with  benzjildchydo,  or  with  sodium  ethoxide,  is 
converted  ill  to  quinophthdUnit.  On  digestion 
with  alcoholic  ammonia  at  100",  it  funiishea 
giWAoltf ine  «od  jMiakanidt ;  and  with  aaby dro- 
sulphurio  aokl  at  100%  forma  oDinoline* 
yell      T :  u     Tul  Merkd,  Ber.  1908, 36^  S807  i 

1904,  37,  300S). 

Homoloffues  of   both  «ym*  and  unsym- 

quinophthaume  have  been  prepan^l,  and  ihc-o 
increase  in  intensity,  fastness  to  light,  cuvciuig 
power,  and  in.sulubility  in  alcohol  with  increase 
in  molecular  weight  (I<jbner  and  Hofmami,  Ber. 
1904,  37,  3017;  Eibner,  D.  U.-P.  158761  of 
1(»03). 

By  the  subntitution  of  3-thiophthalic  acid  for 
^thalio  anhydride   in  these  condensations, 

compounds  are  uhtained  which  dye  iinmonlant«-d 
cotton  in  yellow  whadt  s,  and  ou  uxidatiou  by 
the  ait  or  with  dichromate  give  very  fast  colours 
(Ckjsellach.  cheni.  Ind.  Basel,  D.  H.-P.  181)043 
of  1900;  Euu.  Tat.  4159  of  1907).  The  con- 
densation product  from  (J-chloroquinaldino  and 
phthalio  anhydride  on  sulphonation  forniahes  a 
greenish -yellow  dye  for  silk  or  wocA  (Dtfbenfab. 
vonn.  F.  Bayer  \).   ll..P.  204265  of 

1907  I  Eng.  Pat.  28266  of  1908). 


MoQainoliiie.  Thia  base  is  a  oonstitueut 
CH  CBL      of  coal-tar  qninoline,  and  can 

/^'\/^\  bo  isolali  d  from  lliis  source  by 
HC     O    CH    taking  advanla^o  of  the  fact 


and  the  fraction,  b.p.  236**-243^  reoonvertod 

into  acid  Milphate,  m  repeatedly  crystallised 
from  twice  ita  weight  of  88  p.c.  alcohol  until 
the  m.p.  rises  to  205°  (Hoogowerff  and  van 
Itorp,  Rcc.  trav.  chim.  1885,  4,  125,  285; 
1886,  5,  305;  f/.  Dewar,  Rov.  Soc.  PTdC  1880, 
30,  107). 

Hyniheses. — ^The  methods  devised  for  the 
syntheaia  of  Moquinoline  and  its  derivativea  are 

less  general  in  their  scope  than  thosf  rni]i!(iyetl 
in  the  quinoline  series.  The  toUowing  are 
peiliapa  uie  most  important  of  thci»c  methods, 
as  they  serve  both  to  throw  light  on  the  coi»- 
stitutiun  of  t«oquinoline,  and  to  illustrate  the 
connection  l^etw  ecn  \  \m  base  and  the  alkaloids. 

(1)  The  first  s;^'uthe8is  of  Moquinoltne  was 
effected  by  heating  homophthalimide  with 
phosphorus  pontacnloriilc,  the  dirhloroiVo- 
quinoline  thus  formed  being  then  reduced  by 
hydriodio  add  and  ]^ioephocus-> 

r  u  ^CH, -COx^      1^  IT  ^  CH  : 
t«li4<.^0  •  NH         *^«"»  ^iXl  I  a-^ 

(Gabriel,  Ber.  1886.  19.  1655.  23G1). 

(2)  i*oQuinoline  ha.s  been  obtained  by 
heating  with  line  dust,  homophthalimide 
(Le  Blanc,  Ber.  1888,  21,  2299):  MooarbostyrU 
(Bamberger  and  Kiteehelt,  ibid,  1802,  S6. 1147) ; 
or  Mooarbostyrilcarboxylic  acid  (Zincke,  ibid. 
1497 :  Farbw.  vorm.  Meibter,  Lucius  &  Briining, 
D.  R..P.  86047  of  1802} 

-»C,H,-4;{{-^f^>-fZnO. 

t«oCarbo8tyril  and  certain  of  its  denvalives 
can  be  synthesised  from  isoeumarin  and  its 

dcrivativeri  by  condensation  with  ammonia, 
mcthylamino  or  aiuUne  in  cold  aqueous  or 
warm  alcoholic  solution 

4  ''^(X)'6^"^ + NH  J 


that    the   avid    sulpliates  of 

C    N      fpiinoline    and    qninaldine  ftre 
'^/\  more  solubio  la  alcohol  liiaii  the 

CH  Ctt  twquinolino  salt.  The  cry.^tal- 
line  sulphate,  which  se|Mirat4!.s  from  analooholio 
solution  of  the  acid  sulphates  of  eo*l-tor 
qoinoline,  is  deoompoeed  i>y  oausUo  potash. 


(Banihrrf:"!'  and  Kit.schelt.  I.e.  ;  /••  '  !  ".  I.e.  ; 
Bambvigei-  and  Frew,  Ber.  1894,  27.  I  >S) ;  or 
they  may  be  obtaim-d  from  <liHeyl  derivative.s 
of  o-cyanobenzyl  cyanide  (homophthahuiide)  by 
warming  these  with  alkalis  and  boiUng  the 
resulting  cyanoV-soearbo-styrils  with  sulphuric  acid 
(Gabriel  and  Neumann,  Ber.  1892,  25,  3563; 
Farbw.  vorm.  Sileister.  Ladus  ft  Brflning, 
D.  R.  P.  69138  of  1892 ;  Dameiow,  Ber.  1801, 
I  27.  2322). 

I  (3)  It  is  formed  by  dis.-olving  In-nzylamino- 
acct<ildehyde  in  anhvdn>sulphuric  aeid  (K. 
Fischer.  Ber.  1893,  26,  764),  or  by  heating 
iHiuzylideneaminoatetal  with  sulphuric  acid  at 
Io0'-170^  (Pomecanz,  Monatsh.  1893,  14,  118; 
Farbw.  vorm.  Meister,  Lucius  ft  BrOning, 
D.  B..P.  80044  of  1894). 

*^«"^*'^CH,  -  Nil  •  (  If,  •  CHO 

Derivatives  of  i«oquinolino  aru  obtained  by 
condensing  aminoacetal  in  sulphuric  aeid  solu* 
'  tion  with  acetophenonc  (Pomcnrnz,  Monstsh. 
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1894,  15,  304).  ulkylatcd  m-hydroxylM  ji/.aMc- 
kydefi^  or  pipvroa&idehycie  (Fritisoh,  Annalun, 
1896,  286,  I ;  B.  R.-P.  86066  ;  86661 ;  B.  P. 

Atmi.  F.  7830  of  1894). 

(4)  It  can  l>e  prt'iMirtNl  hy  th'*  intcrdclion  of 
phosphoric  oxide  and  cinnanialdoximc  (Bara- 
borgcr  nrul  r;,>ldschmidt.  Btr.  IHIU.  27.  1955, 
2795)  or  l>.n7.ylidcno-aoeton«  ((iMidschmidt. 
tbid.  IH'J5,  28,  818).  Probably  tla-  nut  ion  is 
dependent  on  the  formation  of  acyl  Uerivative^ 
of  pbeuylethylaTntne  by  tho  Bockmann  chango 

-»         •  CH  :  CH  •  N  H  •  CHO 

(cf.  Goldsrhmi.lt.  flu  m.  Zvit.  1903.  ?7,  270)  as 
phcnj'letliylaiiaiio  and  ils>  denvAlivc.'*,  phenyl- 
alanine and  tyrosine,  condense  with  formalde- 
hyde (methylai  in  acid  aolution)  funushing  tetia- 
hydro  t«oquiuoUnc8 

CgHK^GHt  •  CH,  •  NH,+HCHO 

(Piotet  and  Spongier,  Ber.  1911, 44.  2090). 

(6)  Dftivutiv i  <  of  3  :  4-flihydruMoquinoline 
are  piuduutil  by  beating  ac-yl  derivatives  of 
»»-phenylethylaminc    with    zinc    chloride  or 
phosphoric   oxide   (Bischler   and  NapieraUki, 
Ber.  1893.  20,  1903),  or  by  boiUng  thi  ir  .solutions 
in  benz^no,  toluene,  or  xylene  with  phosphoric 
oxide  (Piotet  and  Kay.  ibid.  1909.  42,  1973),  or 
by  condensing  the  iniino-  chlorides  (prepared 
from  the  iwyl  diTiwil i\f'H  by  intmction  with 
phoaphuric  chloride)  by  the  aid  of  aluminium  . 
oUonde  (Decker  and  Kiopp.  ibid.  1909,  42.1 
2075).    By  oxidation  with  jjormanganate  hi  acid 
solution,  the^e  dihydru-  oumpouudii  are  con-  j 
verted  into  the  Moquinoline  derivatives  (Piotet  | 
and  Kay,  Ix.). 

Tiliu  rua^jliou,  il  may  be  iiutud,  hiXd  \ywn 
applied  to  tho  .synthetiis  of  the  alkaloids, 
Uudaaosine  (Piotet  mad  Finkebtoin,  Ber.  19U9, 
42. 1979),  cotamino  (Salway,  Chem.  Soc.  Trans. 
1910,  97.  12<»si.  :ind  papaveiUM  (PSot^t  and 
Ganut,  Ber.  1909,  42,  2943). 

PrepanOicn, — ^BensylideneaBiinoMetal(  1  pt.), 
obtained  in  good  yield  by  mixing  bonzaldehyde 
and  aminoacetal  m  laul.  i»iup..  ik  adde*l  ran'fuUy 
with  constant  ct>olinK  to  sulphuric  ai  id  (2  pts.), 
and  till-  -iolutiiin  allowed  to  mix  slowly  with 
Hulphuiic  ucul  i3  pt.**.)  maintained  al  JbU  -170^. 
Tho  product,  diluted  with  water,  is  freed  from 
benziildehyde  by  ateam,  then  rendered  alkaline  | 
and  t«oquinoline  removed  by  distUlatkm  with  1 

Kt«':viii.     I'hc    \irld   of   pun;    batiO  aiDOUIltS  to  < 

about  50  ^.c.  of  that  cakiulated. 

Ooiut^ioti. — ^When  Moqtiinoline  ia  oxidised 

by  |xjtassium  ixTinaiiL'niiatf  in  alkaline  .solution, 
it  yields  both  vfUfuiUc  acid  and  ctnchcmeronic 
(pyridine<3 !  4-mearboxylio)   acid  (HoogewerS 
afid  van  l>orp.  Rcc.  trav.  chira.  IKS".  1.  2S5), 
but  in  iteiiliai  »iolution  it  funnnhes  pidlMltmide 
((jkjldachmiedt,  Monatsh.  1888,  9,  676).  From 
the.4e  reauitit,  coupled  with  those  obtained  by  . 
»>itthetical  processes,  thp  formula  at  the  head  ' 
of  this  s«.'Ction  ha.s  been  dedtH  e  l  tor  the  base. 
The  positions  in  the  isoquinoliuo  formula  are  , 
nambered  from  1  to  8,  the  nitrogen  atom  | 
occupying  tho  2 -posit inn. 

Frop&rti^.  —  Moyuinoline  cryatoUijjes  in  , 
tables,  m.p.  244%  kp.  240*(^  under  763  mm.  \ 


(Hoogcwerff  and  van  Dorp),  sp.,.;i 
20°/4  ,  bm  a  quiuoline>like  odour,  at 


r.  i-onsr,  at 

,         ,   ,  and  is  volatilo 

witn  Bteam.   It  absorbs  carbon  dioxide  from 

tho  air,  and  fornix  ^vith  acids  a  s<>ric8  of  -salts, 
the  melting-jximtitut  which  are  higher  than  those 

I  of  theoom^six>nding  quinolnie  compounds.  The 

'  chromaie,  Bj'Hjl'rjO-.  form.s  lu-cdic-,  d*  comp. 
at  150^  the  picro/c,  iKcdk-.-^.  iu.\:  2122  -223  5'' 

,  (Pictet  and  Popovici,  Ber.  IS'.U.  2.").  734);  the 
T^inichloridc,  Ji,"H,Ptai,-f  2HjO,  needles,  m.p. 
263''  {ibid.);  the  mtOnodidi,  BCH,1  +  H,U, 
yellow  neiedle.s.  m.p.  159"  (Hoogcwerff  and  van 
Dorp,  LcX  Unlike  quinoline  it.  does  not  ^vo 
com^iounitt  with  motuUc  salts.   The  dUbrvmid^, 

I  B-Br,.  m.p.  S2',  \  i.  Irb*  at  180'-200''  a  '<m/»oi>(>. 
<luinoline,  ni  p.  40  (Kdiaaer  and  Bu-ssung,  J. 
pr.  Cb  iii.  IK!M,  [2j  43,  191);  the  tflraiodide 
forms  dark  iiluo  crystals,  ]n.p.  130^  (Edinger, 

;  ibid.  1895,  [2J  51,  205). 

j  Reactions. — (1)  On  nxluction  with  (in  and 
hydrochloric  acid,  or  with  sodium  and  boiling 

!  alcohol,  it  gives  tetrahydrov>oquilU)line  (Bam- 
berger and  J  )it'(  ktnann,  H*  r.  1>,'X\,  20.  12U'.IJ- 

(2)  By  nitration  with  concentrated  nitrio 
acid  it  yields  the  6-  (or  8*)  niirmaoquinatine, 
m.p.  1  H.V^,  and,  by  furth<  r  tiitration,  a  dinitro- 
dorivaiive  iFortner,  Monatsh.  1893,  14,  .140 ; 
Clau.H  and  Hbffmaim,  J.  pr.  CShem.  1893j  [2] 
47,  253). 

(3  j  Oil  flulplioualion  with  ,50-60  p.c.  anhydro- 
sulphuric  acid,  it  givt^s  a  mixture  of  two  sulphcnit 
ar.idtt,  which  at  115^  contains  chiefly  the  a- 
(5-  or  8-  acid),  and  at  250°-260"*  chiefly  the  0- 
(pr. iliililv  tho  <j-  or  7-)  acid  (Claus  and  liip>. 
J.  nr.  Chem.  1S92,  [2J  45,  242;  Claus  and 
8eelet&ann,  ibid.  1896,  [2]  62,  1).  The  a<  acid 
i-i"  tho  less  soltibln  nnrl  fnniiFi  the  loss  soluble 
barium  i^lt ;  from  it  boiii  a  cyano-  derivative 
(Jeiteles,  Monatdu  1894,  15,  807)  and  a  hydroxif' 
derivative  (ClaiH  and  Rapj,  I.e.)  have  been 
obtained  by  tlie  u.-5ual  methods. 

(4)  When  heated  with  quinaldine,  bensio- 
trirhloride  and  zino  chloride  at  liO'',  it  yields 
i;50'yi<aM)f«fi«-r«(l  (Hofmaan,  Ber.  1887,  20,  9). 

I'lnjsiologicul  actt'on. — .V-^  the  ph>'siolu>.jical 
properties  of  itftK^uinohne  and  its  dorivativeii 
proved  to  be  identical  with  those  "of  the  muc^ 
cheaper  qumoline  (Stockman,  .J.  Physiol.  1899, 
15,  245),  little  attention  wa.s  givi  n  to  tlio  former 
until  reiiently.  The  rapid  progmsi^  of  alkaloidal 
synthesis,  however,  ha.s  n^viveil  interoat  in  tho 
physiological  study  of  iaoquinoline,  examples  of 
whif^h  mav  be  found  in  papers  bv  Pj'man  (Chom. 
ik>c.  Trans.  1910,  97,  265),  and  Laidlaw  (Bio. 
chem.  Jonm.  1911,  6,  248). 

Anion;;  its  dcri  v.ui\ i.s  are  the  alkaloiila 
papavurine  (Cjld^chnucdt,  Monatsh.  1885,  (i, 
667),  narootine  (Roeer,  Annalen.  1889.  264,  367), 
laudanosino  (Pietet  and  Finkclstrin.  I^r  r.  19t>0, 
42,  1979).  hydm.'stine  (Freuad  and  Rosenberg, 
ibid.  lh.M>,  23,  414),  and  l>erlx^riue  (Ferkin, 
Chem.  .S,.<-.  Trans.  1890,  57,  1000). 

TetrahydroiAoquinoline  is  formed  when  iao- 
quinobne  is  reduced  with  tin  and  hydrochloric 
acid  (UoogowerS  and  van  Dorp,  Kec.  trav. 
ohlm.  1886,  5.  310)  or  with  sodium  and  boiUng 
aloolK)l  (Bamlx'i  L:!  r  and  Dieckraaim ,  Bi.  r. 
26,  1209),  or  by  condensation  of  phenyletbyl- 
amine  with  fonnalddiydc  (Pictet  and  Spenglor, 
ibid.  1911.  44,  2030). 

Properties.— It  is  an  oil,  b.p.  232°-233% 
abaorbe  oarbon  dioxide  bom  the  air,  ionns  « 
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nilTMo-  (.lerivativo,  noctUc-!*,  m.)).  53",  an  acetyl 
dehvmtive,  m.p.  46%  and  in  it«  pioperties  shows 
modi  rcscmbkuioe  to  benevbimne  (BftrnVr^r 

and  Din  kmnnn,  I.e.).  The  htjdrorhlorid, .  B  TTn. 
forma  piwrns,  m.p.  196M97° ;  tho  piaiini' 
cAtoiide,  Bj  HjPtClc  prisiui,  m.p.  23r-232^ ; 
and  tho  pirratr,  nccill.  -^.  m.p.  195°.  For  tho 
2<alkvl  derivativei*.  «/.  Wetiekind  and  Oochfllen, 
B«r.  1901,  34.  2986. 

Only  one  colourinLf;  matter  hM  been  obtained 
from  utoqiiiaoline,  uaiut-ly — 

MoQiniioline-red,  Cj^HiiNjCTI.  This  <lv«' was 


( Woskre«cnsky,  Annalcn,  1838,  27.  2118  ;  W,  ,hlcr, 
ibid.  1844,  61,  152) ;  Hince  it  yields  hexachloro- 
bencene  when  treated  with  plu»sphoruH  penta- 
chlnri'lf,  is  r>asily  rt^lucod  to  p-dihydroxybcnzene 
(qumol),  and  niav  bo  obtained  from  the  latt<»r  by 
oxidising  agentii,  the  formula  of  a  p-phcnyh-no 
peroxide  was  assigned  to  it  (Gracbe,  ibid.  1868, 
146,  1).  Tho  rdatioDship  between  quinonc  and 
qufnol  OM  then  bo  npnaented  by— 


A- 
I   ^"  CI 

vv 

line 

chlurido  ftfc 


obtained  oriffkiAllv  by  heating 
benzotrichloiide,  bensoohloiodi- 

bromide,  or  benzylidcnc  chloride 
wHh   *   mixture    of  coal-tar 
quinoline   and    zinc  chloride 
(Jacobscn.    P.    K.-P.  10300; 
23I>«7  ;  Eng.  I'at.  SU  ul  1882)  ; 
and  id  form«'<l  by  tho  interaction 
of    bcntotrichloride,  i«oquino- 
prop.,  either  at 
presence  of  zinc 
(Uofmann,  Ber.  1HS7.  20.  9). 


4-2U 


OH 

I 


and  quinaldine  in  mol 
or  nii'i'-  nipidly  in  the 


Thb  qninaldine  cannot  be  Teplaoed 

(Vongericht<!n  and  Homann.  Bor.  10' 


2."  t 


Icpidine 
of  tho 


0- 

I 

/%■ 

V 

0—  OH 
At  a  later  date  it  waa  found  that  whilat 

benzene  was  rcduccil  liy  frr-o  hydroxylanune, 
the  hydrochloride  gave  an  oxime  which  proved 
to  be  identical  with  p-nitroiiophenol  (Gold- 
Hchmidt,  Per.  ISSl.  17.  SO.")).  Tho  mnnnximo 
gavo  in  turn  a  dio.\iine,  th«?ft6  reactions  pointing 
to  the  following  reHi)cctive  formula  for  qninoDet 
ita  mono*  and  ite  di-  oximeik 
O  O 


NOH 


Preparation. — A  j^ield  of  25-30  p.c 
djre  k  obtained,  if  benaotriohloiide  (38  pta.)  is 

iMldcfl  Hlowly  to  a  mixture  nf  jVofiuinoUne 
(25  pt^.).  quinaldine  (26  pU.),  and  zinc  chloride 
(12*5  ptw.)  at  100",  and  tho  temperature  after- 
wanl.'^  raised  to  150''.  Much  hytlrogen  chloride 
incapea,  and  tho  reaction  neetls  watching  lest  it 
l-camie  violent.  From  tho  extract  of  tho 
moduot  with  10  p.c.  milk  of  lime,  the  unchanj^ 
mmi  WB  lemoved  by  steam,  the  filtrate  bemg 
t]i<  h  uuiiliQcd  with  hydrochloric  acid  to  separate 
the  dyestuff  (Vongeriohten  and  HomanOt  I.e. 
U4»i  ef.  AotleniK.  filr  Anilinfab.,  D.  R-P. 
4042O  of  IHS'!). 

Prop^rlif".  /.vo(^uinoliiio-red  forni'^  ilmk  n-d, 
broo«-lu-t  p  li.  nidiioclinic  priam.s.  whi'  ti  'li--()lvo 
only  gparinijly  in  cold  water,  but  readily  in  hot 
water  or  alcohol ;  these  solutions  arc  carmine- 
mi  by  transmittefl  light,  and  in  rellecte<l  light 
«bow'  »  marked  yeUowiah^red  fluoreecenoe. 
When  heatod  with  hydroehlorio  acid  or  with 

alcoholic  amtimniiim  siil|i1ntlf  nt  200'^  it  yields 
benaaidehyde  or  benzylmercuptan  respectively, 
and  a  base  0,«H,  tN,,  wtuch  oryistallisee  in  plat«s 
«f  colden  br-fn-.  in.p.  231"  (Hofmann,  I.e.; 
<f.  VongericliUn  and  lioniann.  I.e.).  By  oxida- 
tion with  potassium  dichromate  and  sulphuric 
acid,  it  fiimishes  btnzaldehi/dc  and  2-'/ii!'iiiif>/!- 
l-'iHtquinolyt  ketone  (V'ongerirhten  and  Knmt/,, 
Ber.  1910,  )2'.i  :  N'ongerichten  and  Homann, 
/.C).  As  a  dye-stuff  it  is  Taiueli'ss,  the  rnse-r«-<l 
•hadcM  on  fdlk  or  wool  not  being  fast  to  light ; 
'■uf.  ini.\<-d  witli  cvaiiitic.  it  h;is  1nen  used  in 
the  preparation  ot  orihui-hroniatio  ('asialine') 
obtM  for  photographic  punH>!»es  ( Vogel.  D.  R..P. 
3977"  W.  P.  W. 

CJUINOLINE  DYES  r.  (/i  inou.nk. 

QUINGLINIC  ACID    .  BoXE 

QUINONE  DIAZIO£S  {cyclic  diazo-oxidfs)  v. 

l)U/0  foMl'ot-NDH. 

QUINONES   at<    slihstances  derived  from 
nrnmatic  hydrctcarbonn  by  replacement  of  two  1 
liydrogen  by  two  oxygen  atomn.    The  onrlicst  [ 
known  Tneniber  <)f  the  series,  /"'/'/Ik  n/.i .quinonc 
lor  simply  qainone)  was   obtained  by  tho ' 
vxidation  of  Tarlona  sabatituted   bcnsonea ' 


0 


6  NOH  NOH 

The  constitution   of  quinone-oximo  itwlf 
I  cannot  Iw  taken  as  absfilutelv  settled  ;  a<!Cord- 
ing  to  C.  H.  Sluiter  (Rec.  trav.  chim.  190»t,  25. 
8),  the  free  sulwtancc  is  p-nitrosoj)henol  whilst 
the  aalta  are  derived  from  the  qninone-oxime. 
OH  O 


V 

NO  NOK 
Ailditional  support  for  the  diketonic  formula 
is  afforded  by  tho  prodtiction  of  trichloroaecty I  • 
acrylic  acid  when  chlorous  a*  id  arts  on  iM  iizene, 
quinone,  &c.  (Kekui^  and  Strocker,  Anoalen, 
1884,  223,  170)^ 

GO  CO 

;!2+2Hao»=gg^^*HC(>a+ H,U 


HC 
HC 


CO 


'"^COOH 


and  by  the  production  of  bromanil  (tetrabromo- 
<|itin(jne)  from  bromine  and  qpdb-Jiexano-l  :4' 

diono 

CO  CO 


H,,C  f'K, 
H,(  CH, 

CO 

Urtho-quinoacs,  eg. 
O 


BrC 
JlttJ 


CO 


;.|;;+8iiBr 


O 


.:0 


were  disc<iven«l  nt  a  Liter  d.ite  ;  tn<'ta(|tiin<>iies 
have  not  so  far  been  ubtainetl  (ii.  Meyer  anil 
Demniari.  Ber.  HH)8,  41,  2437;  Zinckc  and 
S<-li\\«l.'-.  ihid.  imi,  -12,  7i>7),  it  irt  doubtful 
wliethcr  tlicy  are  capable  of  existence. 

Witliin  tho  laat  few  yoars  a  number  of 
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qiiiii<  noicl  substances  liAve  l)ccn  obtained  by  Occasionally  the  term 'quinonoMs  applied  to 
Uie  oxidation  of  dihydroxyl  derivatives  of  compounds  containing  two  carbonyl  groups  in 
aromatic  compounds  in  which  the  hydroxyl  a  five-mem l>ered  ring  (e.j^.  acenaphthcnequinone), 
groups  are  attached  to  different  nuclei ;  amj^i-  \  and  tevend  heterocyclic  compounds  containing 
naphthoquinone,  diphenoqainoiie  and  Btilbene ,  two  carbonyl  groups  (alloxan,  isatin,  &c.) 


quinone  may  bo  rjti  il  as  e.\aniplM> 
oases  the  diketonic  formulae 


:0 


0: 


CHCH 


In  these    exhibit  many  of  the  pr<»perties  of  quinnncs. 

Meanwhile  hydroxypyridine  quinone  has  been 
obtained  hy  Feratoner  and  TitmlnmUo  (Gasz. 
ohim.  ital.  1911,  41,  it  619). 


:0 


HOMONUCLEAR  QuiNONES. 
OSKBRAI.  METHODS  OF  rHEFABATION'. 


have  the  merit  of  simplicity  when  compared 
with  the  formulaj  in  which  the  two  oxygen  atoms  I      (1)  By  the  oxidation  of  o-  and  p-dihydrc»xy- 
are  linked  together.  !  derivative*  of  aromatic  hydrocarbons.    1  :  2  :  4- 

Although  the  diketonio  has  been  more  i  tnhydroxy-oompounds  might  give  o-  or  j>- 
popular  than  the  peroxide  formula  during  the  I  quinones;  the  p  quinonnid  eonfiguration  is 
past  25  years,  the  latter  is  sfaoiring  a  revival  '  usually  favoured,  but  2  Iiyiln.xy  1  :  4  naphtha- 


and  cannot  be  disregarded. 

The  metdlio  aalte  of  the  nitrophenols  may 

bo  wTitfrn  with  a  quinonoifl  structure  which 
has  usuiillv  been  derived  from  the  diketoaic 
formula,   kantzeoh  <Ber.  1007.  40,  336)  con- 

siders  it  at  Ion«:f  n^i^rsffirv  t<>  take  into  account 


quinone  and  4-hydroxy-l  :  2-naphthaquinone 
appear  to  be  tautomeric. 

(2)  By  tbo  oxiilafinn  of  aromatic  bydri  - 
carbons,  their  hydroxy-,  amino-,  p-hydioxy- 
amino-dcri vati ves,    <■ . 

(3)  By  the  acid  hydrolyi^is  of  imlnphenols 


a  quinonoid  bliuuturu  deiivud  frum  the  peroxide   (the  compouncls  resulting  from  the  oxidation  of 


formula 

/O 

'NOOH  '  NO  OM 

Thr-  rli^fovrry  of  fwn  modifications  of  o-bonzo- 
quinoae,  one  coloured  ond  the  other  colourless, 
has  led  WUlstatter  ond  MfUler  (Ber.  1908,  41, 


mixtures  of  phenols  and  p-diamines). 
CJH,OH+Kn,  r,H4  N(CH,),  :  20 

=  211,0-1-0  :  C,H, :  N  C.U.  ^'(Gii,,, 
0:C-Hj :  N'C,H4N(CH,),-f  H  ,0 

-  O  :  C,H, :  OH  NH,-C.H,  N(CH3), 
(Bayrac,  Soo.  cliim.  ISSH,  iii.  11,  1129). 

(4)  By   warming   diketones  ot   the  type 


2580)  to  assign  to  them  the  reepective  formul»  CHa  CO  CO'R  with  dilute  sodium  hydroxide 


0  yO 

and  C,H,<  ' 


0  o 

Kehrmann,  however,  advises  caution,  the 
oolouiiess  form  has  not  been  analysed  and  may 
be  a  hydrate^  O :  C.H« :  (0H)«  (Ber.  1011,  44, 

2032). 

A  eompacison  of  the  abmrption  ^eotra  of 

p-benzoquinnnc  and  other  aromatic  compounds 


2CH,<J0C0  •CH,=2H  ,0 + C.H  ,(CH  ,),0,. 
(von  Ftehmann,  Ber.  1888,  21,  1417). 

PROPERTIES  AND  GENERAL  P.K ACTIONS. 

(1)  The  quinonee  are  solid  at  ordinary 
temperature,  generally  ▼olatile  vitli  ateam 

and  are  coloured. 

(2)  Easily  reduced  to  dihydroxy-aromadc 


Hartle7aud  J.eonard.  Chem.  Soc.  Trans.  1909,    compounds.    The  latter,  lAen  cautiously  oxi 
or..  34)1ead8  Hartley  to  the  conclusion  that  the  I '"''"^  qmnhydrnnes  as  lotcrmrdmtr 
nuinones  must  be  considered  aa  benzene  derive- 1  prt>*i"cts ;    these  ma>   also  bo  obtained  by 


tives  tibid.  58) ;  and  H.  HaaUt  assumes  that 

the  ffcbly  coloured  p-ben*/n(piiiion(>  has  the 
peroxide  constitution  assigned  to  it  by  Gracbc, 
the  oxygen  atoms  liaving  in  this  ease  no  residual 
affinity.  In  thf?  highly  colourrd  additive  com- 
poundw  (with  acids,  saltc,  hydrocarbons,  phenols, 
Sic),  the  quinone  is  supposed  to  acquire  the" 
diketonic  ormFtitufion,  addition  occurring  in 
virtue  of  tiie  rtsidual  affinitv  of  the  ox^•gen 
atoms  (J.  pr.  Chem.  1910,  ii.  82,  546). 

For  purposes  of  classification,  quinonee  will 
be  regarded  in  this  article  as  homonuolear  and 
hctcronuclear  ;  a  few  will  have  tO  be  placed  in 
an  intermediate  class,  €.g. 


0 


o 


r     I  and 

6  • 


0-  aiul  p-fieuzMiuinoa«s. 


oareful  reduction  i  f  qninoiKs. 

( 3 )  Qiiinones  easily  form  additive  oompounds. 
Besides  the  quinhydroncs,  additive  oompoundn 

may  be  obtained  with  aromatic  hydrocarbon-, 
ba^es,  metallic  salts,  &o.  (see  below  Addition 
eomjwunds  of  (/tiinmes). 

(i)  Qiiinoncs  re.ict  with  many  rompounda 
iiU  to  funii.^li  ]v -substituted  quiuuU 

Cell,<),+RH=C,H,R{0H),.  . 
In  reactions  of  this  kind 

R=a,Br.  S03K,C,H,  S0,.  Src 
Wohier  found  that  quinone  and  hydrogeu 
chloride  give  chloroquinol  (Annalen,  1844,  6), 
j  155).    Difficulty  has  been  found  in  acceptin,: 
;  Thiele's  theory  of  the  addition  process  {tbid. 
I  1899.  300,  133),  owing  to  the  intermediate  pro- 
'  duction   of   quinhydrone,   first   observed  by 
I  Staedclcr  (tbid.  1849,  69.  308).    Schmidlin  has 
'  shown  that  this  is  no  real  objection  and  Thiele's 
1  theory  may  be  accepted  (Ber.  1911,  44,  1700; 
i  src  Addition  corn-pounds  of  quinone*  for  a 
discussion). 

i      (o)  Quinones  are  easily  chlorinated  and 

Pyrene-  Dirhcnoquiuone.  j  ^"#7  ^  ^  P*^^ 

quinone.  '  by  nydro^l. 


) 


O 
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I 


o 

\ 
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(fi)  Aininouia  and  nniines  yield  amino* 
i>ub:5tituted  quinoncs,  with  Himultaneous  reduc- 
Uon  of  a  portion   f  t'no  qninona 

=C.b,(.\iiC,H,),0,  +  2C,ll4(OH),. 
Dry  qninones  do  not  absorb  dry  ammonia 
(Hahtzsch  and  Dollfus.  Ber.  1902,  Pirl  241). 

Compounds  of  the  typos  Cgll  ,i:  NR) :  0  and 
CaH«(:NR),  are  obtained  by  indirect  means; 
iii^aally  by  oxidi8in|;  aiiuiio-phjeaol8»  {^diamines 
and  their  derivatiTes.  Compounds  took  as 
0 :  C^4 :  NC.H^NH,  and 

NH  :  CgH* :  N-C,H4  NH, 

(as  well  as  their  alkyl  derivatives)  are  known  as 
indophenols  and  indamines  iq.v.)  respectively. 

(7)  Free  hydroxylamine  reduces  quinones  to 
quinoU;  with  hydroxyluuuiio  hydrochloride 
oziBMS  are  produced. 

C.H.O,^  C,H4O(:N0H)  C\H«(:NOH),. 

QniAoiie  monoximes  are  also  formed  by  the 
action  <^  nitvotts  add  oo  phenols 

C,H,OH+HO  NO=TT,0 +C,H,(OH)(NO) 

or  C,H,(:0)(:NOH) 

The  dio&imes  are  oxidised  to  p-dinitroiK>  or 
jMlinitro-derivativcs  of  the  hydrocarbons  by 
potassium  ferrioyanida  or  fnining  nitcic  add 
respectively. 

(8)  Tha  chloro-imines  corrcMsponding  to  the 
oximea  are  obtaioed  by  the  action  of  onioride  of 
lime  aoJution  on  the  hydrocUoridaa  of  the  p> 
aminophenols  and  the  /^diamines. 

NH,-€,H4-OH4-2Cl,-3HCl+nX  :  C„H.  1 0 
NH,  0,H4-NH,+3Cl,=^'lHCi-f  CIN  :  C.H^:  NCI. 

The  monoohloroi  mines  rmct  with  tertiary 
giving  indophenols. 


if?ola(t>(l  in  a  solid  condition  when  catechol  din- 
solved  in  au  indifferent  solvent  {e.y.  dry  ether) 
is  treated  with  silver  oxide  (Willst&tter  and 
MoUer,  Ber.  1808,  41,  2580).  Working  rapidly 
with  small  quantities  of  materials,  the  compound 
may  be  obtained  as  colourloss  prisms  ;  working 
more  slowly  a  stabler,  bright>red  form  is  ob- 
tained. 

The  colourless  modificntion  cither  changes 
into  the  rpd  form  on  keeping  or  decomposes.  It 
frequently  exploflcs  when  rubbed,  liberates 
iodine  immediately  from  acidified  potassium 
iodide,  turns  guiacurn  tincture  blue,  and  oxidises 
hvdroooerulignone.  It  ia  lednoed  by  snl- 
phnroua  acid  to  oateohol. 

The  red  modification  is  more  soluble  In  ether ; 
it  is  fornifd  by  spontaneonp  transformation  of 
the  colourless  variety.  There  is  apparently  an 
equilibrium  between  the  two  modinoationji,  aaa 
small  amount  of  the  coIoutIcfs  rnrietr  is  usually 
]irodnped  when  the  red  modilication  is  re- 
<  \  '  llised.  According  to  Willstittar  and 
Miillcr,  t)i(>  two  forma  may  be  represented 

Htruuturallv  thus 


u 


0 
:0 


OAO(:NCl)+C,H,  NR. 

-  HCl+0  :  C.H, :  N  C.H^-NR,. 

(9)  By  magnesium  alkyl  halides,  pseudo- 
quinols,  eg.  0  :  C,H,(CU,),<.qj£'  are  produced 

(BambexKor  and  Blangey,  Ber.  1903,  36,  1025). 

(10)  Quinones  react  with  one  or  two  mole- 
culea  of  kotcnca,  the  /3  lactones  obtained  in  this 
way  lose  oarbon  dioxide  if  heated  under  certain 
conditions,   and  quinomathanra  or  qvinodi- 

methanes  are  formed. 

0:C,H,-:^<^«"jl|j>C0=C0.+0:C.H4:C(C.H,)a 

»2(X),+(C«H,),C :  0,H« :  C(C,H»V 

Under  other  conditions,  the  mono-/3-lnctonc3 
undergo  intramolecular  rearrangement  with 
produoUon  of  y-lactonea 

O 


C.H«<^l^J.^.»Jj>CO 


'C(C,H5)2- 

() 


CO 


(SUudinger  and  Bereza,  Anualen,  1911,  380, 

o-Bansoquinone  CglI«Oa  is  obtained  in 
chloroform  solution  by  the  action  nf  iodine  on 

the  lcft<l  dcrivitive  of  catechol  (Jackson  and 
Koch,  Amer.  Chcra.  J.  1001,  20,21),and  can  bo 


Cokmrle*-".  Re<l. 
Kehrmann  suggests  that  (he  colourlcsn  motlilica- 
tion  is  a  hydrate  (Ber.  1911,  44,  2632). 

Z>tim»neC,H4(NH)2.  Known  only  in  solution. 
After    adding    acid,    diaminophenazine  and 
2  :  2'-diaminoazobenzone  may  be  iHoIatod 
st&tter  and  Ffannenstichl.  Ber.  1905,  38.  2348). 

Montmnut  C<,H40(:  NOH).  Obtained  as  an 
oil  I  v  hydrfjl  vsis  of  o-nitro.'^oatiisok'  (Baeyer 
and  Knorr^  ihid.  1902,  35,  3037;  see  also, 
Baudisch  and  Karzeff.  ibid.  1912,  46, 1164). 

Diorimc  C.H^CrNOH),,  m.p.  142*.  By  the 
action  of  hydroxylamine  ou  o-dinitroMjbenzcnc 
<2Sncke  and  Sohwarz,  Anualen.  1899.  307.  30; 
compare  Green  and  Howe,  Clu^m.  iSoc,  Trans. 
1912,  101,  2447).     Givea  phenylonefurazano 

^t^^ «  -.  N-^^  when  boiled  with  acetic  anhydride. 

OoBeoBoqainone  and  ••ben«>ylphcnylhydia> 

Kino  give  o-lK'n7.oxyazobenzcne  (m.p.  93*),  and 
not  the  isomeric  quinonehydrazone  (MoPherson 
and  Lnoaa,  J.  Amer.  C&em*  Soe.  1900,  31, 

281V 

a-Chloro-o-benioqalnoneCgHsClO;.  By  oxi- 
dation of  3-chlorocatechol  with  load  peroxide  in 
suspension  in  ether  and  petroleum  ether.  Red 
ervstals,  discolouxB  at  63^  decomposes  at  6S" 
(Willstitter  and  H.  E.  MliUer,  Ber.  1911,  44, 
1 2189). 

4-Cliloro-o-bMifloqaliione.   From  4-oh1oroea* 

tcchol  dissolved  in  othf-r  with  Ktlvcr  oxide. 
Red  crystals,  m.p.  78*  (Willstatter  and  Miiikr). 

The  only  indophenols  of  the  ortho-  series 
which  have  Ikim  doscribcd,  arc  derivatives  of 
this  quinone.    Ewn  in  this  ca.ie  it  i.s  doubtftil 
I  whether  the  chlorine  at<>ni  hna  not  been  di.<»- 
:  placed  and  the  indophenols  obtained  do  not 
i  really  bek>ng  to  the  para  scries  (FYiedlander, 
Fort.schritf <-  d(  r  Tli' i  rf.ii  1»cn-f;ibi iknl  ion,  viii, 
]  494).    Att<'mpts    at    proprtririf.'  indophenoln, 
i  using  p-oresol  and  plionob/^-HuIphouio  aoid, 
•  hav<'  been  without  result,  but  indophenoh  nrn 
formed  when  j>-chlorophcnul  i»  oxidiijcd  along 
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with  a  j)-(liaminc  or  a  |>-aiiiinophonol.  To  the 
ranUiing  coinj[K)undH,  straotiim  such  as 


and  < 


/- 


\ 


OH 


CI 


have  boon  assi^cd  (Mcistor,  Luoiiu  and  Brfin> 
ing.  D.  R.  P.  158091.  1903). 

A  8<^luti<)ii  <»f  <liiiit  thyl-/>-plirnyU-nf  rlinmine 
in  16,000  parts  of  water  prepared  from  160 
parts  of  nitnwodimethylaniline,  86  parts  of 
foufftitratvil  hy<lroclilorir  arid,  and  1?<6  parts 
of  zinc  dust  i»  mixed  with  140  parts  of  crystal- 
Itaed  p'OUorophenul,  120  part«  of  8od&*Iye,  and 
212  part.s  of  sodium  carbonate  in  12,000  jMirts 
t»f  \vater.  1318  part«  of  potatisiuiu  fcrricvanide 
in  3500  parts  of  w-atcr  arc  then  ran  in  and  tho 
indophcnol  separates  out  at  once.  It  dissolves 
in  alcohol  with  a  blue  colour,  which  beconaes 
redder  in  shade  on  addition  of  acids.  It  dis- 
solves easily  in  sodium  sulphide  solution  as  the 
lauoo-  compound.  In  place  of  furricyanidc, 
hypochlorites  may  be  iis«rl  ftu  the  oxidation. 

Both  the  indophenol  and  it^  ieuco- compound, 
when  heated  with  alkaline  poh'sulphides,  give  a 
blue  colouring  matter;  additiun  of  (opper  at  the 
same  time  causes  the  furiiiaii'ni  of  a  (?reen  dye. 

To  pnipare  the  hj'droxy indophenol,  11  parts 
of  p-aminophenol,  60  parts  of  water,  and  10  jmrts 
of  40  p.c.  hydrochloric  acid  are  mixed  with 
13  part«  of  p-chloroplif  iiol  ntui  33  parts  of 
caustic  soda-lye  of  40°B^.  in  100  parts  of  water. 
This  mixture  is  ran  into  a  second  nixtttre  made 
from  200  parts  of  Fodium  !iyjx>chlorite  solulicni 
(tx>ntainiDg  49  grams  of  active  chlorine  jter 
kilogram),  200  parts  of  sodium  chloride,  and 
200  parts  of  ice.  The  sodium  .salt  of  the  oxida- 
tion pmduct  separates  as  a  green  crystallmc 
ra»»».  The  aqueous  solution  is  reddened  by 
acetic  acid ;  concentrated  sulphuho  acid  gives  a 
deep  blue  .solution. 

4 :  5-Dlchloro  o-quinone  C.HjC'liOj.  m.p.  94". 
By  oxidising  4 : 5-dichloro-catechol  dissolved  in 
other  with  silver  oxide  (Willstatter  and  Mfiller). 

Tefrachloro  '  quinone  (',.n,0  .  in.p.  T2D° 
130".  By  oxidation  ot  tetrachlorocalechol  with 
nitric  acifl,  or  by  the  action  of  chlorine  on 
catechol  dis.>iolved  in  hot  acetic  acid  f7incke. 
W'x.  1887.  20,  1779;  1888.  21,  27a0 :  Covmu, 
t  'ompt.  rend.  1899.  129,  9G7 ;  Jaokflon  and 
MacT.,aiirin.  Vo  x.  lOA.-,.  38,  4103). 

Tetrabromo-u-quinone  C'^Br^O;,  m.p.  150°- 
151*.  By  oxidation  of  tetrabromocatechol 
with  bromine  (Stenhouse,  Annalen,  1875,  177, 
107),  chlorine  or  nitnc  acid  (Zincko.  Ber.  1887, 
20.  1777).  Thirl,  dark  red  pri?m,^  nr  tablets. 
Aet.H  a.s  an  ojcidismg  agent.  YieUts  dibromo- 
tlianilino-o-quinone,  m.p.  1«X)°,  when  treated 
^itli  aniline  (.Tnek-nn  mid  Porter,  xhiA.  1902. 
35. 1{.>5I ).  Sodium  tiy»iro.VHic  gives  tetrahronio- 
cateohn]  and  a  f  yr/o-i>entadieno  derivative 
(Jack^ua  and  Flskc.  t7.i(/,  1{K>9,  42.  2»i3GK  For 
other  reactions,  (joubin  (/.c.)  antl  Jackson 
and  Russ.  (Ikr.  1906,  38, 419 :  Amer.  Chem.  J. 
Vm,  35.  154). 

S-Hydrosy-o-bennqnliMiiM  c.Hsioi  i  )0,.  m.p. 
206*-208*.  Oolourlcss  prismatic  needles  by 


acting  on  an  slooholio  solution  of  pyrogallol 
with  amyl  nitrite  and  acetic  acid.  Acd^ 

dertrattr>  '.  m.y.  273"  (A.  C.  1'.  rkin  and  Steven, 
1  Chem.  .Soc.  J'rans.  19lKi.  69.  m'ii. 

3.Metbox]r*o-fe«aiaqiiinone  c«H,(0CH,)O^ 

D  irk  r.  tl  <  rystaK  m.p.  US'-iaO*  (Willst&tter 
and  F.  .Miiih?r.  1911,44,  2179). 

3  :  r, :  0  Tricliioro>4-inetboxy-o  benzoquinone 
C,CI,(OCH,)Oj.  m.p.  93'-94*.  By  oxidation 
of  3  :  5  :  6-trichIon)-2  :  4-di  met  boxy  phenol.  Hy- 
dndystMl  tl)  trichlorohvdroxy-p-benzoquinone 
(Zincko  and  Sohaum,  Ber.  1894.  27,  555). 

l^>Binieqiiliiom  (fttinoftf),  C,H,Ox.  Ob- 

taineil  by  the  action  of  chromic  acid  mixture  on 
qumie  u€jd  ( Woskresenpkv.  Annalen,  1838.  27, 
268).  quinol  ( Wohler,  ibid.  1844.  51 . 152),  aniline, 
benzidine  (Hofmann,  .Jahresb.  1803,  415),  p- 
phonvlonediamino  (ibid.  422),  sulphanilie  arid 
(.M.yVr  and  Ador.  Annalen,  1871.  159.  7: 
Sehrader.  lii-r.  1S75,  8.  760).  phenol-p-sulphcnic 
acid  (Schradrr).  arbutin  (Streckcr,  Annalen. 
1858.  107,  2:i3l,  vnrious  pl;\nt  const  it  u;-nt.'» 
(ISt^nhouse,  ibid.  1854.  89.  247).  anilme  black 
(Nictzki,  Ber.  1877,  10,  1934).  By  decomiK>si. 
tion  of  the  compound  CjH4{C'r02Cl)2  vith  water 
(Etard.  Ann.  Chim.  Ph^s.  1881,  v.  22,  270).  by 
hydroly.Hiii  of  certain  indophenohi  (».  9vpra), 
liv  the  fermentation  of  fresh  irras.s  (Emmerling, 
Bor.  1897.  30,  1870).  bv  oxidation  of  Wtite, 
C,Hi,0|  (v.  Lippmann,  ibid.  1901,  34,  1162), 
by  th''  .-o  tion  of  ioilinc  on  the  leaf!  derivative 
of  quinul  (Jack-suu  and  Koch,  ibid.  1«98,  31, 
1458;  Amer.  Chem.  J.  1901,  26,  20)  and  by 
the  electrolytic  oxidation  of  aniline  or  benzene 
in  aei<l  solution  salts  of  chromium,  mangane^:e, 
or  vanadium  Immux  iiresent. 

Bamberger  and  Tsohimer  indicate  that 
phcnylhydroxylamine  and  p^andnophenol  are 
intfrnu'iliiitc  ]ir(jdiictH  in  the  oxidation  of  aniline 
to  quinone  (Ber.  1898,  31,  1«24).  The  thef>ry 
of  the  formation  of  quinone  from  aniline  is  alKo 
dcnlt  with  by  Willst&tterand  DoiOgi{i(td.  190»» 
42,  2147). 

PjiBTABATiOK  ov  p^BKnoqumom, 

(a)  By  oxidation  of  aniline  with  chromic  acid. 
Ac(K>rding  to  ^{tetzki's  directions  (Ber.  1886, 
19,  1468;  />fr  abo  Annalen,  1882.  21S.  127).  a 

concentrated  ,«'1nti<>ii  <>f  .din in  dichromnfc  i-- 
addcd  to  a  well-cooled  solution  of  1  part  of 
aniline  in  25  parts  of  water  and  H  parts  of  sul- 
phuric acid.  The  quinone  i'-  enh':rqnrntly  ex- 
tracted by  ether.  For  modilicd  methods  of 
oxitlising  aniline,  quinol.  Sec,  sec  8evda  (Rer. 
188.\  ir>.  687),  Scbnilcr  iihid.  1887.  20.  2283), 
Hesse  (Annalen,  1880.  2M,  240),  Sarauw  {ibid. 
1881.  209,  99)p  dark  (Amer.  Chem.  -T.  1892, 14, 
655). 

(h )  By  anodic  oxidation  of  aniline  in  a  cooled 

solutt»)n  of  rbriimiiini  sul|i!i;iU-  ;ind  .-iiljiliuric 
acid.  The  liqiiid  is  continuaUy  agitated  during 
the  process  (P.  BarmstAdter,  D.  R.  P.  109012, 
1897). 

(f )  By  iiiiodic  oxidation  of  aniline  or  quinol 
in  ifulphuric  acid  in  pn^scnce  of  manganese  stil« 
phftte.  The  outer  catlu)dt>  cell  contains  20  p.c. 
.sulphuric  acitl,  a  lead  electrode  and  a  porou.s 
i-arthenwarc  vessel  which  serves  as  the  anode 
cell :  as  anode  a  lead  cylinder  is  used.  A  mix> 
tare  of  25  parts  by  -weight  of  manganese  sul- 
phate, 100  parts  by  might  of  water  and  10  parts 
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l>y  weight  of  concentrated  !^iil|ihuric  acid  are 
placed  in  the  anode  cell,  the  whole  apparatus 
thoroujjhiy  coole<l  an<l  a  current  of  175  anijXTi  H 
per  square  metre  passed  until  about  half  of  the 
manganese  iraTphato  in  oxidiMd  *  care  is  neoes* 
»ary  tu  |>ri-Vfii{  th"  trnipcraf iirc  ri.-ing  sibovp  0' 
in  the  anode  cell.    A  well  coole<l  suluii«>ii  of  ■ 
20  part*  by  weijrht  of  aniline  in  300  parts  by  | 
weight  of  wntfr  and  IfiO  parts  by  weight  of  i 
concent  rated  sulphuric  acitl  is  then  added  to  ' 
the  contents  of  the  anode  cell  which  is  well 
stirred  and  the  currcrt  pasftd  until  all  the 
aniline  black  is  oxidised,^  In  making  quinono 
from  quinol,  30  parts  by  weight  of  the  latter  in 
300  of  water  and  100  of  oonoentiated  sulphurio 
aoid  are  added  and  the  enmnt  passed  until  the 
'lirlc-i-^reen    qninhvdrone    flisaf>j)ears    (C.  F. 
lloehnnjer  unfl  8ohne,  D.  K.  P.  117129,  1899).  | 

(d)  By  ant  ><]  ie  1 1  xidation  of  aniline  in  nresenoe  i 
of  vanadic  acid.  A  quantitative  empVymtnt 
of  the  anodic  oxygen  is  claimed  when  nulphuric 
acid  of  10  p.c.  strength  to  which  3  p.c.  of  vanadic 
aoid  (calculated  on  the  sulphuric  acid)  has  been 
add«d.  The  temperature  w  leept  at  5*-10** ; 
E.M.F..  3-4  volt-  ;  enrrent  density,  400an)p<  rev 
per  equaro  metre.  For  a  c^x^d  yield  it  is  well 
to.  add  the  aniline  in  small  quantities  (Meistcr,  ' 
LuciuN  and  Briininp.  D.  R.  P.  172fi.'»l. 

(c)  Preparation  of  />-ben7-oquinone  and  qumol 
hy  the  elMtrolytic  oxidation  of  benzene.   Ben- ; 
xene  when  emul.«i(ied  uith  dilute  sulphurio  acid 
is  oxidised  to  quinonc  by  lead  peroxide  ;  on  the 
other  hand  quinono  may  be  rc<hicetl  to  qnirr.l 
oathodically.  8mo&  lead  peroxide  is  produced 
on  a  lead  anode  the  two  operations  may  be ' 
etuiibined  if  a  cell  with  a  diaphragm  if  used. 
A  Icail  ditiu  which  h&s  bei>n  coated  mechanical i> 
or  electrically  with  peroxido  serves  as  the  anode 
and  is  rapidly  rotated  in  a  narrow  riass  cell,  the 
anode  space  oontHitiinsr  IW)  c.c.  of  10  p.c.  sul- 
phuric acid  and  90  c.c.  of  benrene.    The  current 
18  about  J  amptoe  per  squar^^  decimetre^  RM.F. 
4  Tolts.   The  qulnone,  as  produced,  dissolves  ^ 
in  tlic  execsH  of  Ix-nzene.    If  the  mixture  of 
dilute  acid  and  benzene  solution  of  quinone  bo 
then  tran.sferred  to  the  cathode  cell,  the  quinone  I 
IM  rrdtu  ed  to  quinol  which  pns^r''  into  (he  diliitr 
miiphtiric  acid.    It  may  l>e  txtracted  imm  tlw  > 
solution  with  ether,  whilnt  the  excess  of  benzene  ! 
mar  be  returned  to  the  anode  cell  (Kempf,  ; 
D.  "R.  P.  117251,  1899:  Zeitsch.  Electrwchcm. 
1901,  7,  592 :  J.  pr.  Chem.  1911,  u.  83,  329). 

p-Bcnzoquinone  forms  long,  yellow,  mono- 
clinic  prisms.  It  sublimes  in  gold  coloured 
iieedles  ;  tlie  odour  is  jienet  ratiiii:  atul  renn'ni.i- 
ceiit  of  the  halogens.  81ightly  iioluble  in  cold, 
eseily  in  hot  water  as  also  in  alcohol  and  ether ; 
fairlv  soluble  in  b<»ilinc  pilrolettm  .spirit:  m.p. 
115-7";  8p.gr,  1:M)7-1 -318;  molwular  heat  of 
combustion  at  constant  pressure.  tal. 
(Valour.  Ann.  Cliim.  Phys.  1900.  vii.  21.  475  ; 
Tlcrthelot  and  Recoura  found  656-8  cal.  (ibid. 
I»HS.  vi.  13.  312;  Me  also  Conpt.  rood.  1897, 
125.  872). 

Qtiinone  dissolvenii  fn  cold  concentrated  nitric 
acitl  without  change  ;  on  iK^atinir,  oxalic  nc\<\  i 
formed  (ijchoonbioodt,  Bull.  ik>c.  chiro.  1861, 
i.  107 ;  Serttni.  Gaze  chim.  Jtal.  1903,  32,  i. 
.322).  Henf..l  l.r  it  -  If  t-.  IW®,  or  with  water 
in  a  soalcd  lulx-  to  IW°,  quinol  and  nuinhydnme 
are  formed  (St  held,  Annalcn,  1883,  218.  227: 
«et  aim  action  of  aqueous  wdium  acetate ;  Ilcsse, 


ihid.  1883,  220.  367).  Quinone,  especially  ^vhrn 
exposed  to  light  (Ciamician,  Ofiit.  chiuj.  jlui. 
I88().  IG,  111  ;  (  iainirian  and  Silber,  Rcndiconti 
d,  R.  Accad.  d.  Lined,  1901  frJl  ID,  i.  93)  acts 
as  an  oxidising  agent.  An  allnuine  solution  of 
quinone,  however,  absorbs  oxyijcn  from  the  air. 

Quinone  givcH  addition  producui  with  one  or 
two  molecules  of  chlorine  or  bromhie  (Clark, 
Amrr.  Chem.  J.  1892.  1^.  r?f;7,  rm-,  Poratoner 
and  <Jenco,  Ga/z.  chim.  ital.  I8J»4,  24.  ii.  384; 
Saratiw.  Annalcn,  1881.  200.  Ill;  Nef,  J.  pr. 
Chem.  1890,  ii.  42.  182).  and  nith  metellie 
ehlon'des,  e.f,.  C,H,<),  SnCl,  C,H,  (K.  H.  Merer, 
Ber.  irKi8.  41,  2568;.  The  nddition  jmxlucts 
with  phenol?,  &c.,  arc  dealt  uith  under  a 
separate  heading. 

Hydrogen  chloride  is  added  with  formation  of 
chloroquinol ;  the  action  of  hydrogen  lin»mii!o 
is  somewhat  similar.  Various  compouixis  are 
produced  by  the  action  of  pliofsphorus  trichloride 
and  phosplioryl  chloride  (Scheid.  Annalen,  1883, 
218.  198).  Quinone  and  ammonia  gas  givo 
'  quinone  amide/  3G.M40|'NU,  (?)  (Wc^kmaen* 
sky,  Ber.  .Tahresberieht.  26,  801).  The  action  of  , 
ammoi.ia  in  jiresence  of  .solvents  has  l  -  -  n 
studied  l>y  Kimpp  and  iSchultz  (Aunalcn,  1881, 
210.  178)  and  by  Hobebrand  and  Zinoke  (Ber. 
ISS:^.  1(1.  n^nq.  (Carbamide  at  160*  givw  » 
monourelde  to  which  the  constitution 

0:C,H,<xj{  CO 

has  lM:en  assigned  ((irimaldi,  Gazz.  chim.  ital. 
1  sn.x  25,  i.  79 ;  1897.  27,  i.  240). 

Quinone  reacts  with  many  compounds  con- 
taining the  amino-group.  c.y.  ajithranilic  acid, 
o-nitroaniline  (Hebebrand,  Ber.  1882,  16,  1970; 
Leicester.  Chem.  Newa,  1896»  74,  236),  j^nitm* 
aniline  (Hebebrand),  diaminO'diphenyunethane, 
.^'e.  (Sie-rmii»d.  J.  pr.  Hiem.  IIHO.  ii.  S2,  409). 
Fret!  h,\  tlroxvlamine  uct8  as  a  re<!ucing  ngcut ; 
the  hydrbchloride  yields  either  the  mono,  or 
the  di-oxime.  Phenylhydrazinc  and  oa-phenyl- 
benzjdhydrazine  are  oxidised  hy  quinone.  but 
aa- phenylbenzovlhydrarine  yields  a  hvdrazone 
(C,Hj)(C,HjO)N  N  :  C.H^  :  6,  which  gives  hen- 
zeneazophenol  on  hydrolysis.  The  compound 
is.  ho^ve^-er.  isomeric  with  tlie  ester  obtained  by 
the  direct  bcnzoylation  of  the  azopbenol  (Mo. 
Fherron.  Ber.  1895,  28,  2416 ;  Amer.  Chem.  J. 
ISOO.  22.  nnn.  n77).  QiiiiioTM-  and  its  nionoximc 
eontlense  norraallv  with  hydrazides  of  the  ty] 
R  CO«NH-NH,  (Botaehe,  Annalen,  1906,  ~ 
176). 

Anhydrous  hydrogen  cyanide  ia  without 
action  on  quinone  (Ix»vv  and  Schultz,  Annalen, 
1881,  210.  143).  but  the  nascent  acid  dves 
2 : 3«dievanoquinoI  (Thiele  and  Ifotienbeiioer, 
Ber.  in<H>.  :{  {,  670;  Bayer  and  Co.,  D.  R.  P. 

117005,  1899). 

Diazomethane  sives  a  compound  from  which 

1  :  4-diketob<'nzf»i!!/f.v-dihvdropvra7nU'  can  he  ob. 
tained  (v.  Pcschmann  and  Stcl.  Btr.  18?K),  32. 
2295).  Phenylaaoimide  reacts  with  quinone  yield- 
ing quinbvdrone,  4  :  "-diketo- 1-phenvl-l  :  2 : 3- 
benztriazofp  (m.p.  180-184°).  4  :  8-di'keto-l  :  5- 
(hphenvIN'nzdilria'Aole  (<l«Trinipo>*e8  nlniut  340°), 
4:8-diketi>-l :  7-ciipbenylix'nzditrin7.oh*  (m.p. 
280-28B*).  and  a  yellow  subatance,  ('nTrMO^N, 
(m.p.  ir)7"*\(if  unknown  constitution  (Wultl  and 
(•ran,  Annah-n,  1912,  394.  08).  In  pn-ponce  of 
zinc  chloride,  priniarv  akohoLs  give  2 : 5- 
dialkyl'l :  4*quinones  (I^oevcnagel  and  Biickel, 
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ibid.  15KI1,  ."il.  .S9r>3) ;  willi  riiJiomuol  iu  acetic 
arid  fiolutioti,  1:4:  3'-trihy(lrox>diphonyl  ether 
is  produced  on  addition  of  a  few  drops  of  dilute 
sulphuric  acid  :  a  naphthol  gives  a  tiimilar  re- 
action (Fiidllii'ider  and  lUuriunfeld,  ibid.  1897, 
30.  1464.  2568  ;  D.  R.  P.  96565.  1897).  Boiled 
irith  (tnthranol  in  nitrobenzene  solution,  a  com- 
pound, Cj.ilfjoOi  {black  ])owder),  is  produced 
(Meister.  Lucius  and  Bruoing,  D.  R.  P.  261020). 
Bench  jvlrol  oondeiues  vrith  quiiume  in  a  mixtote 
of  acetic  and  f-tdphuric  aeicLi  to  benzoquinnnc- 
6M-Uiphenylmethane  /Mohlau  and  Klopfer,  iifr. 
1899.32,2147).  MGtihiu  rcsratded  this  reaction 
as  charncterl-f  ic  of  <(\iinonf>id  compounds.  Aro- 
matic aminolij'droxy  aoidn  gives  quinoneimlde 
mordant  dyettttfiB  (▼.  Heyden,  D.  B.  P.  119863* 
1898). 

Acetatdrhyde  nnitet  trith  qufnone  on  ex< 

pii-un'  to  smdiiiht  giving  accloquinol  (Klinger 
and  Kolveixbaeh.  Ber.  1898,  31,  1214).  With 
eth>l  MWtOMetate  and  cino  chloride,  the  ethyl 
p'?trrs  nf  p-hydroxybenzo-o-riH'thylfurane  car- 
Ikjxj'Iic  acid.  C,„H,04'CgH,,and  bcn7X)-Uimctbyl- 
p-difnraiH -dicarhoxylio  urid,  Ci^HgO^CtHg),, 
•re  produced. 

Buschka  (Ber.  IHSI,  14,  1327)  and  Sarauw 
(Annalen,  18S1, 209, 129)  both  obtained  diacetyl- 
quinol  from  quinone  and  acetic  anhjrdride, 
HcHyl  chloride  prave  the  diaoetyl  deriratiTCM  of 
chluroqiiiiiol.  dii  Idnrnquino],  and  quinol  (siiuill 
amount).  Thiule  fijid«  that  acetic  anhydride 
in  prenenoe  of  concentrated  itulphnrio  acid  ftivefl 
1  :  2  :  4-trincc1oxvlH-n7rnc  (Ber.  ISOS.  31.  1247). 
To  carry  out  thi.s  rtactinn  tccluiic.illy.  15  kilos, 
of  quint)ne  are  a<Ule<l  gradually  to  a  mixture  of 
40-45  kilos,  of  acetic  anhydride  and  1  kilo,  of 
concentrated  f-ulphuric  acid.  The  mixture 
lxK!omes  hot  and  the  quinone  dis-ol\t  <  :  ih" 
temperature  should  be  kept  at  40*'-50*'.  Wlion 
no  farther  heat  develoiunont  is  obaerred,  the 
triacctoxyLenwne  is  precipitated  by  pouring 
into  water  (Bayer  and  (b.,  D,  B.  P.  101«^07. 
1897).  A  modified  prooes*  is  to  add  10  kilos,  of 
quinone  to  30-40  kilos,  of  acetic  anhydri  lc  in 
which  0-5  kilo,  of  crystallised  phosphoric  acid 
has  been  dis!>olved.  'Reaetion  takes  place  at 
the  ordinary  temperature  and  requires  several 
<UvR  for  completion  (Bajw  and  Co.,  D.  R.  P. 
l^irm,  1898). 

Quinone  and  '  triphenylmet  hyl '  cive  auinoi- 
triphonylmethvl  ether,  C,H^[0<'{C',H4),],  ;  m.p. 
211°  (Siiunidlin.  Wohl  and  Thommen,  Ber., 
1910.  43,  1298). 

The  action  of  ]x>JaKsium  and  its  ethoxidc 
fownrtLs  quinone  has  Ix-en  ntudied  bv  Astrc 
(BuU.  Soc.  chim.  18S5.  iii.  13.  1037,  1070).  By 
loading  oxygen  thn»»ijih  warm  (*<)luti<ui8  of 
quinone  in  rdmliolio  potash  the  salts  KilC«0« 
and  K.S\0^  ,iri  produced.  On  adding^  concen» 
trated  ak-oholic  potash  I"  a  <lil;ifc  rflu  n-.tl 
solution  of  quinone,  »  dccomjx)sabie.  blue, 
crystallme  salt,  KCbHjOj'H.O,  is  precipitated. 

llvdnijiti  Miliiliide  rcifucej*  (jiiinone  to 
quinol.  WuhUr  al.^o  obtnip.<Kl  eoinpoundt«, 
(',iH,^n,S,(?)  an.l  r,,H,,04S  fAnnalcn,  1849, 
09.  294).  t^uijione  is  r<'<.luccd  by  yellow  am- 
monium sul|>hidc  ill  the  cold  :  if  heated,  a 
l)lui>^h-viMl(t,  «lvcstnlT  produced  (\Vill*:crodt, 
Ber.  1887.  2U,  2470).  Of  more  interest  is  the 
production  of  a  black  HuK>tantive  dye,  ';upab]e 
or  technical  application  (Vidal.  D.  B.  P.  84832, 
189.1). 


A  mixturo  oi  10  kiJos.  of  quinone,  5  kilos,  oi 
sulphtir,  4  kilos,  of  ammonium  chloride  and 

0  kilos,  of  caui>tic  poda  are  heated  in  a  clot>ed 
vessel  for  6  hours  at  1H0°-210°.  Alt<  r  cooling, 
the  mass  is  crushed  and  can  be  used  directly  for 
dyeing.  The  solution  in  alkaline  carbonates  or 
sulphulcs  has  a  bottle-green  colour,  unmor- 
danted  vecetable  fibres  are  dyed  a  greenish - 
black ;  a  blaok«blue  is  obtained  by  subsequent 
treatment  with  ferrio  chloride  or  potasaium 
dichromatc.  The  Ixtttlc-j^rc^'n  alkaline  solu- 
tions (^vc  a  brin\iiish-rcd  precipitate  Mith 
hydrochloric  acid  wiiich  blackens  on  exposure 
to  the  air.  When  the  alkaline  solution  i.s 
oxidiaied  iu  the  air,  a  diriy  green  precipitate, 
insoluble  in  alkaline  carljonates.  is  pnxluced. 

Quinone  irives  an  indigfMioloured  addition 
product,  2C  „H,0,-H,8s.  with  hydrogen  per- 
."iulpliide.  M.  M.  lliL'hler  regards  this  aa  an 
oxonium  salt  (Ber.  1910,  43,  3599). 

With  compounds  of  the  type  HSR,  quinol 
derivatives.  C,,Ha(SR}(OH);,  are  fornied.  Thc>w 
can  be  oxidised  to  quinoncp,  C,Hg(i5ll;0;,  which 
\\  i!l  react  in  turn  with  the  sulphur  compound. 
l}y  alternating  the  reactions,  all  the  hydrogen 
aioiDsof  quinone  may  be  replaced  by  SB  groups'. 
The  mono-,  di-,  and  tri-chloroqumones  also 
react  quite  smoothhr  without  the  ohlorioe  atoms 
being  displaced,   ^or  example,  the  salt 

C«H,fOH),fSSO,K) 
may  be  obtained  by  mixuu;  43-2  parts  of 
quinone  in  160  parts  of  giaetu  ac«tio  acid  with 
160  parts  of  sf)diurn  thiosulpliatc  in  ?00  p.'irt-  of 
water  and  salting  unt  wiih  |-ota.s.'<iuiii  chloride. 
If  tho  salt  is  reduced  liy  zinc  <lnst  and  acid  in 
presence  of  ether,  thiolquinol.  C,Hj(SH){OH)., 
m.p.  11»''-120°,  is  obtained.  Other  compounds 
( ontaininc;  the  group  .SH  (or  .SM)  which  hnvo 
been  em^Soyed  are  thiobenmic  acid,  potassium 
xanthogenate,  potassium  thiocyanaleand  sodium 
trithiocarbonate  (Badische  Anilin*  und  SodA* 
Fabrik,  D.  R.  P.  176070,  1905). 

The  compounds  obtainetl  acconling  to  th« 
fnrccning  method  may  be  used  for  the  manu- 
facture of  sulphur  dyes.  Tho  necessary 
materials  arc  (1)  benzoqvinone  or  one  of  its 
halogen  derivatives,  (2)  a  comiwund  containing 
the  grouj)  SB,  (3)  a  mono-  or  o *-(/i-aIkvl»t^  p- 
diaminethio-sulphonic  acid  or  tiie  corresponding 
moroaptan  or  di<^idphide.  Tho  follo%%-ingexamplc 
is  jjiven  in  the  y.aani  (B.  A,  S.  F..  D.  R.  P. 
167012,  1905). 

25  parts  of  benswquinonc  arc  dibi'olve(l  in 
100  part,s  of  glacial  acetic  acid  ;  the  solution  i« 
cotilc<l  to  6*-10"*,  ntid  a  solution  of  13-5  parts  of 
sodium  JiydroHulphidc  iu  GU  parts  of  water  ruii 
in.  To  the  clear  brown  solution,  a  solution  of 
25  parts  of  dimethyl*p-pheny]enedianunetbio- 
sulphonio  acid  in  200  parts  of  water  and  16  parts 
of  20  p.r.  ammonia  is  added.  an<l  then  250  ivartt* 
of  caustic  soda  lye  of  40°B6.  1'he  clear  green 
solution  is  heated  for  2  hours  at  60**  when  the 
cn>ater  part  nf  the  colmiring  matter  js  ]iri  rlni- 
tatetl  as  a  tlark  1)1ul*  jMnvder.  The  tillratt  fnm 
the  tlyestuff  yields  a  further  amount  by  blowing 
airthVouch  it.  (See  further,  h.  .A.S.  b\,D,  R. 
PP.  17S940,  1905:  179225.  1905). 

For  tlir  volumetric  estimatitdi  of  quinone. 
sulphurous  aeid  tNietxki,  Annalcti,  1882,  215, 
128)  or  hvdriodic  aoid  and  thiosu1phst«>  (A. 
Videur.  r.  tnpt.  rend.  1899,  129.  ■fti' :  Wdl- 
stittcr  and  Dorutji,  Ber.  1009, 42, 2165 ;  W  icland. 
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t6iVf.  1910,  43,  716;  WilLstattor  and  Hftjiow, 
ibid.  1910.  43,  1171)  may  be  uj»ed. 

Quinonf-imine  CgH^OC:  NH).  By  oxidising 
p-aminophenol  in  ethereal  solution  with  silver 
oxide.  Oolourleas  orystaJs  (Wiilst&tter,  Ber. 
1904.  37. 1494.  4605). 

Quifume-imine  condensea  directly  with  aro- 
matic baaes  giving  leuoo'indophonols  (Akt.  Oea. 
Anilin.F.,  ITB.  F.  IBMOI,  19M) 
0 :  G«H« :  KH+0.«H,NH, 

-HOC.H^NHCjoHj-NH,. 

A  oold  sqneoua  (>oIution  of  qainone-iniine, 
obtained  from  14*6  kilos,  of  p-aminophenol  and 
tho  calculated  amount  of  frrric  chloride,  is 
mixed  with  a  ooncentratf  l  i  l  ition  of  18  kilos, 
of  a-naphthylamine  hydrochloride.  Tho  leuco- 
indophenol  separates  immediately  and  ia  filtered 
ofT  and  \\-aRheil.  It  may  be  used  dizMtfy  in  the 
preparation  of  Bulphar  dycstuffs. 

Quinem-ekhmn^ne  CgH^OC:  NCI),  is  ob- 
tained from  2J-amiiiophenol  or  /J-phenctidino 
and  bleachinL'  powder  solution  (Schmitt  and 
pupils.  J.  pr.  Clu  m.  1873,  ii.  8.  2 ;  1878,  ii.  19. 
310:  1881,  ii.  23,  43o;  Hirsch.  Bct.  188().  13. 
1903).  Willatatter  and  Mayer  uhl'  a  solution  of 
Bodium  hv'pochlorite  and  />-nminopheiiol  liydro- 
ohloride  (Ber.  1904,  37.  1499).  Bamberger  and 
'Twtilmer  olytainfld  it  nixed  'with  o&er  prodnots 
bv  the  action  of  hypoofaloioiis  Mid  on  aniline 
(ibid.  1898,31.  1523). 

Qninonc-chloroimine  forms  yellow  cryntals. 
m.p.  85°,  explodo.i  on  further  heatinjj.  Vrilatile 
with  steam,  easily  soluble  in  organic  solvents 
and  hot  water,  difficultly  in  oold.  liydrolyscd 
to  ammonium  chloride  and  quinone,  reduceid  to 
p-aminophenol,  solnble  in  cold  concentrated 
snlphuric  acid  and  fuming  nitric  acid  without 
deoompoaition.  Yields  mono-,  di-,  and  tn- 
ohloroamin(yphmols  with  concentrated  hydro- 
chloric acid.  Used  for  synthetic  i)urpf)Frs  nnd 
in  the  preparation  of  dvestuffs  (Clayton  Aniline 
Co..  I).  R.  r.  mma.  1898;  Akt.  Ges.  Anilin-F., 
D.  K.  p.  124872.  ]8m>). 

An  example  of  the  preparation  of  a  black 
milphnr  djestoff  is  taken  from  a  subseqnent 
patent. 

10  pMts  of  <}ttinone««ihforo{n!ne  are  ma- 

poidedin  a  conoentratr<l  solution  of  ir>T>  parts 
of  sodium  thiosulphato ;  240  parts  of  33  p.o. 
salphurio  aoid  are  added  in  the  cold  and  the 
mixture  fIowIv  warmed.  The  colour  of  the 
solution  becomes  reddi.«ih-brown,  then  black- 
Inown  :  finally  the  mixture  is  boile<l  for  1  or  2 
hours.  After  coolin  (r.  tho  precipitate  is  collected , 
washed,  dissolved  in  dilute  oanstic  soda  or  sodium 
oarbonntc  and  .'-altod  out.  The  alkaline  tiohi- 
tioDS  have  a  brownish-black  shade.  A  similar 
dyettnff  may  be  obtained  from  ohloroquinone- 
chloroiminc  (Akt  Gtes.  AniUn-P.,  D.  B.  P. 
W7884.  1809). 

Quinone  chloroimine  condenses  with  aro- 
matic amines  and  phonobi,  jriviiv.:  indoplu  nolp. 
The  reaction  can  be  carried  out  whi'D  (lie  c  ldon)- 
imine  is  dry  or  in  paste.  Examples  arc 
asing  a-naphthol,  a-naphthylamine,  o-toluidinc 
and  diphf>nvlaniitie  (Wefler-ter-Meer,  D.  R.  P. 
189212.  IIMIH.  lap-r,l  in  V.W)). 

Q\unonc-mcthtjlimine  C|H<0(:  NCH.).  By 
oxidlslni;  p-methylaminophenol  diwtolvMl  in 
r-thtT  witli  sihi  r  oxide  or  lead  peroxi<!e.  Ex- 
plosive netidles  (Wilijjtatier  and  Pfanncnatichl. 
Ber.  1906^  38»  2244/. 
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oxidi.«ing  p-hydroxydiphciiylaniine  di'-5olv<d  in 
benzene  with  yellow  nicreurie  oxide,  ni.p.  97° 
(Bandrowski,  Monatsb.  1888,  9,  134). 

Quinonc-^-iolylimint  C^fi(i  N'C,H4*CH,), 
m.p.  70*  (Bandrowski). 

QwinoM-p-ani>tylimine 

c«H,0(:  xc,Tr,-ncH,), 

m.p.  84'  (Willstatter  and  Kubli,  Ber.  lUOO,  42, 
413o). 

The  violet  colouring  matter  obtained  by 
oxidising  ji-aminophenol  with  ferric  chloride 
appaan  to  posseas  the  oonatitntkm 

C,H,(OH)(NH,)  N  :  CeH, :  O.HQ 

(WUlst&tter  and  Piccard.  Ber.  1909,  42,  1902). 
The  indophenols  (q.v.)  may  bo  regarded  as 

derivatives  of  tho  quinone  arj'limiius  or  aryl- 
diimines ;  their  structure  is  represented  by 
0:C^H,:N-C,H4  NH,  or  H0-C,H4-N:C,H«:NH. 

OuiiwTir-diimi'nc  C,H4(:NH)j.  By  oxidising 
p-phenylencdiamine  in  ethereal  solution  with 
silver  oxide  (Wilb^tatter  and  Pfsnnenstiehl,  Ber. 
1904,  37,  4000),  or  by  pa.s«ing  ammonia  into  an 
ethereal  suspension  of  the  di hydrochloride. 
Colourless  cry.stals,  diecolouretl  at  75**,  m.p.  124°. 
Explodes  with  conoentiated  salphurio  acid 
tmiess  mixed  earefoUy.  D^ydroeUoride,  oolonr' 
less;  whru  pure.  i?i  produced  by  piii^.sinf:  hyilrogen 
chloride  into  a  solution  of  the  diimine  in  ether  or 
benzene,  or  from  quinone.dichlorodiimine  and 
hvdrochloric  acid  (Willstatter  and  ^Ifvcr,  ihid. 
1904,  37,  145U).  See  also  I'ringshi  ini.  tbid.  1903, 
38.  3354  ;  Kehrmann.  ibid.  3777).  MonohydrO' 
bromitle,  from  bromine  on  ethereal  p-phenylene 
diamine  (Jackson  and  Calhane,  1902,  35,  2496) 
is  prnhablv  a  '  meriquinonold '  compound. 
DipniirophenolaU  C,H,(:  JiH40CJtl4-N0|)» 
m.p.  69*;  pale  eofenred  (A.  Knorr,  Ber.  1911, 
44,  1503). 

The  quinotie-diiniiiics  may  l>e  used  directly 
for  the  preparation  of  leucn-iudophcnols  (Akt. 
Ces.  Anilin-F.,  D.  R.  P.  1840r)l.  H)05).  The 
solution  obtained  by  oxidisiiij;  13-0  kilos,  of  di- 
methyl-B-phcnylenediamine  with  ferric  chloride 
is  added  to  a  solution  of  9*4  kilos  of  phenol, 
in  water,  stirring  and  cooling  meanwlufew  The 
If'Ucoindophon'il  separates  rajiidly  ;  the  prcoipi. 
tation  is  completed  by  salting  out. 

The  solution  of  qninone  diimine-sulphonie 
acid  obtainfd  by  oxidifing  18-8  kilo?,  of  7>- 
phenyl(ne«linmine-8ulphonic  acid  with  ferric 
chloride  is  allowed  to  flow  into  a  oooled  solation 
of  10-8  kilos,  of  o-cresol.  A  precipitate  ia  pro* 
duced  :  it  is  soluble  in  alkalis. 

Quinone-dirhlorodiimiv  CjTTjf:  NQ)-..  By 
adding  to  a  solation  of  p-pheuylenediamine 

•  hydrochloride,  a  solution  of  nlmcning  powder 
(kniv.«e,  Ber,  1879,  12.  47)  or  sodium  hvpo- 
chlorite  (Willstatter  and  E.  Mover,  ihi/i.  1U04. 

•  37.  1498).  Vohtile  with  steam,  soluble  in 
organic  solvents,  m.p.  1 2*5"  (with  decomposition >. 
Reduced  by  stannous  chloride,  t«ulphmx»us  acid 
and  sodium  amalgam  to  p-pbcnylene  diamine. 
With  hydrochloric  aeid  gives  quinonc-diimino 

'  dihydroehtoride  or  tetrachloro-p-phetiylcnedi- 
amine.    Used  qmthettoslly,  e.g.  the  compound 

C,oH,<^  .0,H,:NJT  is  produced  on  oon- 

<lensation  with  /?-naphthol  (Nietzki  an«l  Otto, 
Bor.  1888,  21,  1745).  lias  been  employed  in  the 
production  of  indojdienols,  acincs  (Bayer  and 
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To..  D.  R.  P.  S»X)4.  1894)  tmd  sulpbar  dje- 

Whilst  m(Mt  of  the  iniophenrU  have  not 
been  used  to  a  largo  oxtrnt  for  <l>t  iiiL.'.  thoy  have 
provc<l  to  ))e  useful  aiaUriiib  in  the  j)r<  parntion 
of  sniphur  dyestufTs.  This  holds  good  fur  their 
leaoo-oompoundH,  the  4 : 4'>aininohydioxy- 
derivatives  of  secondary  amnjntlft  amincfi.  The 
iTi<lu|)hej»ols  were  first  pr<-'i)!ip<l  l>y  the  actimi 
of  nitroHodialkylanilines  on  phcnoU  (Kuechlin 
•nd  Witt,  D.  R.  P.  15915. 1881 ;  Majert.  B.  B.  P. 
1S028.  IS8i  :  CAssoUa,  D.  R.  PP.  1^003.  1881  ; 
J 929],  1881;  20a'iO,  18i>2;  Jiayer  and  Co.. 
D.  R.  P.  41612,  1887).  A  number  of  patcntn 
relate  to  the  prepnmtinn  of  indophenoLs  hy 
oxidation  of  a  iin.\turi>  ut  a  p-rlianiine  and  a 
)ihenol  (Akt.  O.  s.  Anilin-K..  1).  R.  PP.  KioTIO, 
1004;  10S22!),  1904;  179204,  179296.  lOOA); 
;>-phon5rlenedkuniQe-BttlpbQDlo  acid  may  also  be 
nil  ployed  (Grie8hoiin<Elektxon»  D.  R.  ^.  17102!*, 
1904). 

lbs  the  preiMiratibn  of  tbe  aimnlest  indo- 
phenol,  NH,  C,H,  N :  C,H, :  O  or 

1U*8  {>art8  of  TJ-phenylt'iifdwauin;  aad  J(t  parts 
of  phenol  are  dMBolved  in  to  2000  ]>arti<  of 
water.  The  solution  is  well  stirred  at  10°-15° 
and  a  paste  of  48  part*  of  lead  peroxide  in  a 
solution  of  5<»  puts  of  disodium  phosphate  an<l 
35  parta  of  aorlium  bioarbonate  added.  The 
indophenol  in  at  oaoe  produced  and  aeparatea 
in  hrits.v  l.  ad.  f  .  (D.  P.  P.  170294).  Tlu-  ].ho«. 
phate  and  c«rU*nate  are  not  essential  (I).  H.  P. 
179295).  210  parta  of  p-phenylenwliamine  and 
20  parti«  '(f  phenol  are  di«>'n]vi  (l  m  3(HK>  y»art.s  of 
water,  stirred  at  10"-15°,  and  a  (Mtste  ot  |>artK 
of  lead  |)eroxide  adile<l.  The  itMlophenoI  is 
extracted  from  the  mixture  Avith  hyrlratod  lead 
oxide  by  means  of  alcohol  or  hot  water.  M.p. 
KiO*'.  For  reactions  and  conversion  into  7- 
aDiliuosafraool,  8U  Uelier,  Annalen,  1912, 392, 16. 

The  indophenob  can  also  bo  obtained  from 
the  ehloniiraines  and  Mmnoximes  of  p-quinones 
bv  condenKation  wuh  amines  in  presence  of 
70  p.c.  sulphuric  acifl.  Amino-derivative«  of 
the  indnphenols  are  f«inii>d  m-diamines 
are  u.sed  (Acr.  (icr.  Pat.  appiieation"  of  (.Jea.  ('hem. 
Ind.  Kasel,  A.  10389:  Farbvorlw  Hoehst. 
1148,^0. 

Indophennla  are  ohtainfMl  directly  from 
quinone  iliehlon)diimiiii  ;iiid  componinh  -uch 
a.0  a-naphtbol.  .\  solvent  is  unaccesaary  :  thus 
the  reaction  may  be  carried  out  by  grinding  a 

niixi'in  r,f  }(\  \  p'irt>  i.f  a  iia)ihth('l,  100  jmrts  of 
the  dKhlnnKiiitniiie  and  ."yoo  part.i  (A  common 
aalt  until  the  diehlorodiimine  has  disap}X'are<l 
(Weiler  ter-Meer,  J>.  R.  P.  189212,  1906,  Upfitd 
1909). 

(^iiinone-rliehlorQdjimine  yields  a  black  sul- 
phur dye  if  tlie  amount  uhfained  from  50  parts 
of  /»-i»henylenedinmine  is  susjK>nile«l  in  a  e*in- 
(••■ntnite<l  xflin  uti  of  KW)  jmrts  of  sorlium  thio- 
itulpbate,  lOUO  partn  of  33  p.c.  sulphuric  acid 
adocd  and  tbe  mixture  alowly  warmed  (Akt. 
Ce^.  Anilin-F.,  1>.  P.  P.  It»7S:J4.  1899). 

Quinotu'-dilnonUHi'iiUinf  < '^H^(;  Ji,'Jir)  •.  Ex- 
plodes at  80»  (Krauw,  Btr.  1H79,  12,60). 

QuinOWt  Viouomrlh  fililiiin  iiir 

(;,H«{:Mi)(:NCH3). 
OilGitrlnts  (WiUutiitter  and  Piccard,  Ber.  1908, 
4tt  U5R). 


I  Qninnnf  'i-dimcthylditminr  NCH,)-. 
From  j<-iliiiiethyl-p-phenylenediaminc  in  ether 
with  silver  oxide.  Colourle^  crystals,  m.p. 
92"5'-93**.  Explodes  with  concentrnted  hydro- 
chloric or  Mulphuric  acid  (VVillsiiiiicr  atid 
Pfannensliehl,  ibid.  1905,  38,  2244).  From 
a^-di  met  hylp-phenvlenodiamine,  Warater'a 
*  meriquinonoTd  *  salt  ean  be  obtained,  also  « 
oolourle^s  iiiuinium  nitrate. 

CJI  J:  NHH.\0,1[:  Nf  rH,),-]!iO,]. 

(^uinonc-monophtnyldnnHnf 

C,H,(:NH)(:NC.H,) 

is  obtained  from  p-aminodiphenylaminc  by  oxi» 
<lation  with  lead  peroxide  (Heiuko.  .\nnalcn. 
1889.  255,  193)  or  silver  oxide  (Will,  titter  and 
Aloore.  Ber.  19U7,  40,  2065).  Also  by  oxidation 
of  aniline  vith  potassium  permangMiate  (Bam* 
lu  rger  and  Tschimer.  ihid.  1898,  31.  ]52<t>. 
Bn..\vn  er\>f.il>  with  nCTf^OTf  :  m.j).  2t»8*'.  Tlx 
acetic  acid  solution  hats  a  bluish-green  colour. 
Pdtfm<'He  form  f'„H,uN^  m.p.  2I7*-2I8* 
fWilLsliittrr  and  Kn>dt.  Ber.  1909,  42,  4135). 
I  Quinuue-piien\  idiimine  iff  ot  interest  on  account 
of  its  relation  to  an i line- black  (f.r.). 

QuniotK-p-tolf/Umine,  m.p.  114®.  comhireH 
with  I  or  2  IfCl  TennolccuUir  form,  m.p.  187* 
(W.  and  K..  I.e.). 

Qvinone-p-anigf/limine,  ro.p.  71  "-72'';  mono- 
and  di'htftrochhrideit,  Ttrmokcviar  form  dar- 
kens  at  150^  aoftens  at  170^»  metta  at  170* 
(W.  andK.). 

Qmnene-mem-^-aminojAeni^iimine 

is  the  simplest  indamine.  Its  greenish-blue, 
water-soluble,  unstable  salts  are  produced  by 
oxidising  a  mixture  of  aniline  and  p-phenylene- 
diamine  »tilte.  An  excess  of  mineral  acid 
hydrol,\  ses  indamine  with  production  of  quinone. 
On  heating  with  an  a"]Ufi)u>  .'i  lr.don  of  an 
aniline  »alt,  phenosalraniue  is  formed. 
Bind4tehtdler*s  QVfen 

(CH,),C1N  :  (.'.H,  :  N  C.H^  KCCIf,), 

is  the  tetramelhyl-  derivative  of  the  simplest 
indamine.  It  is  pn:»duee«l  by  oxidising  a  mix- 
ture of  dimethvlaniline  and  <limcthvl-p-pheny- 
lenediamine.  it  is  of  no  technical  importance, 
being  easily  decompoded  by  aetd  and  alkaliofi. 

Quinone  diphtnyldiiml n'  ( '^H  ,(:  N'O^Hs). . 
By  oxidising  ilipheuylaminc  (preferably  with 
aniline)  hy  ix>tas8tum  permanganate;  shining 
'Uiii.sh-yellow  crystals,  m.p.  nfi'-JSO"  ^Ban- 
diow.ski,  MonRt,wh.  "l88ti,  7,  375;  1887,  8.  47b). 
Kai<ily  reduced  to  diphenyl-p-phcnylenediamine  ; 
oxiili.'ied  to  (piinone  by  manganese  dioxide  and 
dilute  sul|)huric  acid. 

Quinonr-monorim''  C,H,0(:NOH).  By 
boiling  nitmso-dimethvlaniline  with  Koda(Bacyer 
and  Caro.  Ber.  1874, '7.  80!>).  by  the  action  of 


int  i  c  Ml- 


\i',> 


•i.  903)  or  nitrosyl  .sulphate 
((Jrovfs  and  btenbousje.  Chem.  Soc.  Trans.  1877, 
:{2,  i.  544)  on  phenoU  by  dilute  solution  of  hy- 
(Iroxylflminr  hydroehl'  iidr  nn  rpirnone  (Gold- 
sehmidt.  Eii  .  IKS4.  17.  .Sii."^rj  and  In  the  hvilrcdysii* 
of  nitrosoanisitlc.  N()  ( ',H ,-0(„'Mt  (Baeyer  and 
Knorr.  ihid.  PMi-J.  :^{y^T^).  U  is  ea.sily  j,re. 
]>an(l  by  lli>i^c.| vin;;  »  (|uivn]ent.s  of  phenol  and 
sodium  nitrilc  in  vatcr.  acUling  a  large  amount 
of  crushed  ice  and  pouring  in  dilute  sulphuric 
acid  with  continual  stirring.  The  compound 
separates  In  the  course  of  some  bouMi  ciystaUino 
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ami  ])rnctically  purr,  Modifinl  methods  of 
pfeparation  are  given  by  Hugo  Ku«hirr  (1>.  K.  P. 
SMM,  188!!)  and  Nietzki  and  Oaitermann  (Ber. 
im  21. 429). 

The  OOnMtitutioii  has  been  aln-aily  (lisoiis.se«l ; 
for  the  analogom  cases  of  the  naphthaquinonr- 
oximcs  (nttn)sonaphtbob).  Me C.  H.  Sluiter  (fier. 
m\,  44.  1327). 

On  )i(-atinf;.  qninone^tiime  decompoaea  at 
120*>-130^   Diliaociation  constant, 

ir=3300xlO-" 
(Hantzseh  and  Bnrth,  Ber.  1002,  S6,  219: 
e/.  ihid.  1003),     Behaviour  fowanlH  ammonia 
(Hantzach  and  Dollfuss.  ibid.  JUU2,  35,  2()2). 

Qnhione«oxime  gives  metallic  aalts 
(•,H,0(:  NOM). 
the  acyl  derivatives  are  of  tyjx- 
C.H^OC:  NO-CO  K) 

and  tlie  alk^I  eomponndH  have  a  similar  oon« 

stitution.  C',H  J^OR).  The  isomeric  nitroKo- 
phcnylethers,  NU(.",H4.0K.  are  obtaiiu-tl  by 
the  action  of  Claro's  acid  on  the  ^-nlkvloxvani- 
Itnes  (Bacver  and  Knorr,  Ber.  1002,  3d,  3034). 

Benzoyl  derivatitt,  ra.p.  172*-174*  (Walker. 
Ber.  1884,  17,  400  ;  Bridge,  Annnlen,  lS!>3  277. 
97);  tihyi  cofbonaU,  m-p.  109°  (Walker) ; 
phfnylcftfbamate,  decompoaes  at  ll(r  without 
fuiiion  (CoM-.  hniidt,  B^-r.  1880.  22.  3105). 

Quinone-oximc-<}-nilrophenyUnfdr(izoiie 

C,H,(:  NOH)(:  N-NH  C,H,  XO,) 

From  quinone-oxime  and  o  nitropbenylh^dra- 
r-inc;  the  latter  will  also  react  with  quinonc 
itself  yielding  o-nitrob<rnzeneazophenol.  p- 
Nitrophenylhydraziiie  given  a  hydrazonc  with 
ijuinone-oxitno  but  not^  with  quinonc  itRolf. 
fii-llHTt>ph<  II ylhydraiine  ^vea  neither  hydroxy- 
nzo-rc)m[iouiHlri  nor  quinone-oxinie  li vdrazoiu  - 
(Borsche,  Annaleti.  1904.  334,  143  ;  1005,  340, 
85;  1908,843,  176;  1907.  357,  171). 

Qninone-oxinie  gives  dye.stiifTs  on  heating 
with  mineral  acicb.  10  parts  «if  nitrosuphenol 
are  warmed  \vith  100  ]>art«  of  50  p.c.  sulphuric 
acid  for  2-d  houn  at  100%  the  black  precipitate 
is  filtered  off,  washed  and  dried.  The  product 
is  insoluble  in  water,  cotton  is  c<)liiiire<f  brown 
hy  the  alkaline  solution ;  fast  shades  are  ob> 
tahiod  if  the  dyebath  contains  sodium  sulphide 
and  the  poods  nn-  subsequently  treated  with  blue 
viteiol  or  bichrumatc  .solution  (Clayton  Aniline 
Gb.,  D.  R.  P.  10(!036.  1898). 

Nitrosophenol  reacts  with  thiosulphatei*, 
this  reaction  fornix  the  starting  point  for  the 
sulphur  dve.xtuff,  Clayton  Black  v.  (D.  R.  P. 
10(1030.  1898). 

^inoii««<fto«tme  C,H4(-  NOH),  is  obtained 
by  the  action  of  hydroxyl  iinino  hydrochloride 
on  quiuone  or  iUt  monuxime  or  on  quinol 
(Nietsfci  and  Kehrmann,  Ber.  1887.  20.  614) ; 
on  p-nitrosoanilinc  (O.  Kincher  and  Hepp,  ibid. 
1888,  21.  085);  and  on  bcn7.yl-p-nitro.«oajii- 
Itno  (Boddinghaus,  Annalen,  1893,  263.  304). 
Freshly  made  qninone-monoxiine  is  covcrcil 
with  50  parts  of  water  and  one  molecular  pro- 
portion t-a.  li  I  if  hydroxylamiiie  h\dri)chloride 
And  hydrochloric  acid  abided.  After  standing 
<t-8  days,  the  ozime  is  filter(>d  off,  washed  with 
dilute  ammonia.  di.s.solved  in  strong  ammonia 
and  precipitated  by  carbon  dioxide.  Needles, 
deoompoaes    about    2tU°.    V<>rv    weak  acid 

(Farmer  and  Hantssch,  Iter.  1899,  32,  3107). 


Oxidised  by  alkaline  ferricyanide  to  p-dinitmsn 
benzene.    A  polymerised  anhydride  has  been 
described  (Farmer  and  Hantzseh). 

Two  dtiicflul  drrivatives  are  kno^ni  ;  the 
.s/zH-form,  ni.p.  147°;  the  anii-forui,  m.p.  lilO** 
(with  deoompositioo)  (KehnnanD,  Ber.  1895, 
28,  341). 

Salts  of  a  p-dinitroxime.  e.g.  C,H/:NO  OK)., 
have  been  obtained  by  reduction  of  p-dinitro- 
benzene  (Meiwnheimer,  Ber.  1903,  36»  4174; 
1906,  89,  2526). 

Quinotie  in  virtue  of  its  kttot.ic  chnraefer 
aI»io  yields  mono-  and  di-  ftrinn  urbdzuins,  an 
oximc-jtemicarbazone  and  protluets  with  one  or 
two  molecules  of  aminoguanidinc  (Thiele  and 
Barlow,  Aiuiakn,  1808.  302,  329). 

2-Chloro-p-BennNiainone  t  „n 10  .  By  dis- 
tiUing  copper  Ruinate  with  salt,  man^^eco 
dioxide  and  dilute  sulplrario  add  (Stacdeirr, 

Annalen,  1849.  tV.}.  ,102).  By  oxidising  ehlcK.- 
quinol  with  chromic  acid  (Ix'vy  and  Schuitz, 
t6»<f.  18M1,  210,  145).  From  o>ehloro-j».amina> 
phenol  (Kollrej)p.  ibid.  188(i.  234.  14). 

Pale  vellow  (not  velKiwi.sli-rtd )  orv.><taIs  (J. 
Schmidlin.  Ber.  1911,  44,  1700),  ni.p.  157°. 
Molecular  heat  of  combustion  at  constant 
pressure,  618-2  eal.  (A.  Valeur.  Ann.  Chiro.  Phys, 
1900.  vii.  21.  487).  Gives  a  diehK.ride  and  with 
hydroffen  chloride  yields  2  :  5-  and  2 :  3'diohloro* 
qumob  (Fmtoner  and  Geneo,  Gasz.  ehin.  itaL 
1804.  24.  ii.  380.  3f)4).  Reacts  with  baaea 
(Niemever,  Annalen.  1888,  228,  322,  .324). 

2-Chloroquinoiif.-4-Chloroimine,  m.p.  87* 
(Kollre|)]»).  Hns  been  use»l  for  mnkintr  sidiihtir 
dver-tuffs  (Akt.  (ks.  Anilin-F.,  1).  H.  1'.  127834. 
1899). 

2-Chloroquinane'ilichlorodiimine,  m.p.  83**- 
84°  (Cohn,  Chem.  Zentr.  1902. 1,  S86). 

2-Chlor(Xiu{notH  -i  oxinu  (•,HiC10(:  NOIf), 
m.p.  141°  (Kehrmann,  Her.  1888.  21.  3310; 
ibid.  1898  303.  5 ;  Bridge,  ibid.  1893.  277,  100). 
The  mttht/lrtf  rr,  a  (m  p.  1 2.3°)  and  B-  1 14°- 

115°).  modiJicaUon^  (Bridge,  ibid.  1893,  277.  iK> ; 
Kehrmann.  ibid.  IS94.  279,  35).  a  Benzoyl 
derivalitr,  m.p.  197°  (B.)  or  192°  (Kehrmann, 
Ber.  1894,  27.  218) ;  0.derivative,  m.p.  162°  (K.). 
Two  stereoi^omerie  (irttiild^riittlivrs.  m.p.  106°- 
167°  and  130°-137°  (Kehrmann  and  Grab, 
Annalen.  1898,  80S,  6). 

2-Chloroquinonr-dioxime,    crevish  neefllos 
(Kehrmann,  Ber.  1888,  21,  3317;  Kehrmann 
and  Qnh,  tc).  Diardfil  derivaHw,  in.p.  171*- 
172°. 

2 :  3-Dlchloro-p-Benzoqulnone     ( cHjCIjO,, 

m.p.  9t>°  (I'emtoner  and  Geneo.  (ia/r.  chiro. 
itai.  1894, 24,  ii.  379 ;  OUvcri,  ibid,  mi,  27,  ii. 
584). 

2 : 5-DichIoro-;)  Benzoquhione.  m.p.  101° 
(Staedeler,  Annah  n.  1819.  69.  .309  ;  C  ariu.«,  ibid. 
1807,  143,  316;  Ix  vv  and  Scliultz.  ibid.  1881. 
210. 150  ;  H&hlan.  Ber.  1880.  join  ;  Hantzseh 
and  Schnitcr,  ibid.  1 887.  20.  227U  ;  Lmg,  (.  hem. 
iSoc.  Trans.  Is!t2.  til.  55S ;  Bitndro\v-ski  nnd 
Prokopeosko,  BulL  Acad.  Sci.  Cracow,  1901, 
441). 

(  omjKiund  with  w-nitn>-aniline  (Niemeur. 
Annalen.  1888.  228,  325) :  dirhlorodiimine,  m.|>. 
134M36*  (Mdhlau) ;  dipfiemjldiimine,  m.p.  220* 
(Bandrowski  nnd  Pri)kop<  r/.Ico)  ;  mouoxitne  and 
its  aciii/l  diriv<jtin'  (Kciiruiann  and  Grab, 
Annalen,  ls!»s,  ■.iiiA.  13);  cftoertmc  (Kehrmann). 

2 : 0'Diehkno-f-BcosoqiiliMM,  in.p.  120*. 
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From  2  :  4  :  O-tricliioruphi  iiol  ami  funiiii;;  nitric  ^  KIb.s  and  Bninnschwi  il- r  ;.T.  pr.  Clu  iii.  lSt>5.  ii. 
Mid  (f&u«t>  AnuAluQ,  im%  149,  lo3)  or  bv  <  o2,  6GUj,  Witt  aud  Toccbe-Mittltr  (Bcr.  1903, 
acting  on  an  aloohoUo  «olotion  of  trichlorophtuol  t  36,  4300),  Bouveatalt  (Ann.  Chim.  niji.  190b, 
with  nitrous  futnos  (Weselskv,  Ber.  1870,  3,  viii.  i;5,  ]l'2\  Brazier  and  MeOomlne  (CSlom. 
040).  See  also  Armstrong  (Znl^ch.  Chom.  1871.  6oc.  Trans.  1912,  101,  908). 
621);  Levy  (Her.  1883,  10,  144(5) ;  Kehrmann  Originally,  phenol  Mas  usually  employed  for 
and  Ticrtler  (J.  pr.  Cheni.  ISH'.\,  it.  U).  -isl)  ;  the  ])rfpirntion  of  chloranil.  tfracbo  found  a 
Ling  (Chem.  JSoc.  Trans.  185)2,  til,  ')')'J)i  lvx>ll-  purer  product  waii  obtained  from  /;-i»henylene- 
repp  (Annalon,  1880,  234,  14).  diamine,  the  yield  being  also  better,  whilst 

Heat  of  combiLHtion  at  conataut  pressure,   Witt  and  Toeolie*Mittler  (/.c.)  obtained  the  best 
580-4  cal.  (Valeur,  Ann.  Chim.  Phya.  1900,  vii.   results  vnth  2 : 6-diohloro-p-phenylenediamine. 
21,  Itil).  A  liikrwiirm  solution  of  ICr-i  grtus.  of  iKitt-s- 

TVcated  with  aluoholio  ammonia,  the  chlorine  .  sium  chlorate  i^  added  gradually  to  a  solution 
atoms  are  replaced  by  amino-groups  (Kehrmann  '  of  28  grm».  of  f>*nitroaniline  in  2(i0  e.0.  of  oon- 
and  Tieslcr).  (.j")mj)OUiid  with  w-nitroaniline  ceiitiaicd  hydrudduric  acid  at  .50*.  Much 
(Niemcyer) ;  chloromunt.,  m.p.  OT^-Ob"  (KoU-  water  la  added  and  ihe  precipitate  collected, 
lepp) :  monorinu!,  deconipoBMi  at  140"  (Kelir- 1  Yield  of  crude  {woduct,  30  grms.  (87  p.o.  of 
ninrui.  j?i  r  H'i^.  iM.  "{^IH).  '  thet>ry).    Onci' rccrystallised  froui  ;;Iaeial  acetic 

Trichioro  /j-benzoquinoneCjHCljOj.  2part6  ueid  ur  acetic  acid  and  aloohui  give*  a  dicliiurO' 
of  phenol-p-»ulphonic  acid  obtained  by  heating  nitroaniline,  niclimg  at  IfS-j^-lS?". 
equal  weishtH  of  phenol  and  sulphoiio  aoid  at  |  12  g/ana.  of  dicmoronibioaniline  in  300  0.0, 
100"  are  disgolved  in  a  hot  solution  of  4  parte  of  !  of  concentrated  hydrochloric  aoid  are  reduced 
pwiaHsiuin  ildotate  and  exi-e:^^  of  hydrochlnric  I  >vith  13  grmrf.  of  granulated  tin;  to  the  boiling 
aoid  added.  After  standing  24  hours,  linidU  the  hot  solution  10  gtmti.  of  potaasium  chlorate 
reaction  by  blo«^g  in  steam,  filter  and  wash  <  crystals  are  added :  1 1  grms.  of  ehloranij,  ni.p. 
with  hot  water,  then  cold  alrrdml.  Suf?pend  the  268*-270**,  are  obtaiaed.  One  crystallisation 
mixture  of  tri-  and  tctra-chioroquittuneii  no  from  toluene  lai^eii  the  melting-point  to  286"— 
obtained  mi  lu  parts ofimter and  lead  in  Hulphur  2S6".  On  a  largo  scale,  yields  up  to  90  p.0.  of 
<lioxido  for  10  minutes.  Wh»*n  hut,  the  tri-  the  theoretical  were  obtained, 
chloroquinol  remains  diasolved,  Uller  and  oxidise  ,  Chloranil  sublimes  readdy,  111. p.  (in  healed 
with  fuming  nitric  or  chromic  acid  (Knapp  and  tube)  290°.  Molecular  heat  nf  eonibu.stion  at 
ijohultz,  Annaien,  1881,  210,  174 ;  Urae be,  »6ia.  i  constant  pressure,  610  cal.  (Valeur,  Ann. 
1868,  146.  9;  1891.  203,  28;  Stenhonsn,  ibid.  I  Chim.  Phys.  1900,  vii.  21,  499).  Other  mo- 
Spl.,  ISG8.  (j,  218).  For  otIuT  methods  of  [  perties  and  reactions,  see  Giaebe  (Annusn, 
preparation,  reactions  and  derivatives,  see  186C^  140,  12;  1891,  263,  19),  8arauv 
8taedeler(i&<i(.  1840,  69,618);  Carstanjen  (Ber.  '  1881,  209,  125),  Levy  and  Schulta  (Bar.  1880, 
J809.  2,  033);  Schmitt  and  Aiidresen  (J.  pr.  <  13,  1430;  Annakn,  1881,  210,  154),  Knapp 
Chem.  1881,  ii.  23.  430;  1881.  ii.  24,  434;  j  aud  Schultz  {tbid.  1881,  210,  189),  iSiemcyer 
1S83,  ii.  28,  422);  MacPhcrson  and  Fischer  (.T. '  (tWa.  1888,  228,  320),  Jackson  and  Torrey 
Amer.  Chem.  Soe.  1900,  22,  141);  Niernoyer  (Amer.  Chem.  J.  iS'JS,  20.  427),  Imbert  and 
(.Vnnalen.  1888,  22b.  325) ;   E.  (Compt.    Pagca  (Bull.  boe.  cliiui.   1898,  iii.    19,  675), 

rend.  1908.  140,  094) ;  Jaeobson,  liartsch  and   Imbert  (Comnt.  rend.  1901,  133,  162). 
bteinbreck  (Annakn,  1909,  307,  304).  Technicajyty,  chloranil  has  been  used  for 

r..arge  ycUow  leafiet^,  m.p.  I68''>166* ;  mole-  oxidising  lemobases  to  dyestufb  (Meiater, 
cular  heal  of  coinbu.^tiun  at  constant  jnes-nn'  I,uciu8  and  Briioing,  D.  R.  P.  11412,  iSTSi). 
648.8  cal.  (Vaicur,  Ann.  Chim.  Phys.  tJO'J,  vii.  Heated  with  aromatic  amines,  dyestufis  are 
21,  496).  i  produced  (Qreifl^  Ber.  1879,  12,  1610).   At  one 

Tetrachloro-f  benzoqulnone  Chloranil  1  time  8pirit  soluble  dj  eK,  known  as  'cliloranil 

CjCljO,,  ia  frequently  produced  from  aromatic  '  blue,'  were  prepared  from  chloranil  and  ilcnva- 
compounds.  c.7.  by  the  action  of  chlorine  on  an  |  tivea  of  diphenylamine.  In  1879,  Meister, 
aloohoUc  solution  of  chloroisatin  (Erdmann,  An-  Lucius  and  Bruning  patented  the  ])toduction  of 
nalen,  1813,  48,  309)  or  by  the  aetiem  of  potas-  violet,  blue,  or  green  dyes  by  heating  diuiethyl- 
^ium  chlorate  and  hydrochloric  acid  on  aniline  '  aniline,  methyldiphenytamine  (or  its  homologuefl) 
(i*Vitzsche,  Bull.  Sci.  Ht.  Petorsb.,  1843,  1.  103),  and  benM  ldipbenylanaine  (or  its  homolaaues) 
phenol  (Hofmann,  Annalen,  1844,  52,  57),  respectively  with  chloranil.  The  ehloraoil  be- 
ijuinie  acid  (Staedelcr,  if^iJ.  IS  10.  r.O,  :{20),  haved  simply  as  an  oxidising  agent  (D.  11.  1\ 
aalioylio  and  nitrosalioyUc  acids  (Uotmann);  11811,  lapsed  1862  j  compare  alw)  Ber.  1879, 
dinitrosaliovUc  acid  (Stenhouse,  ibid.  1861,  78,!  12,  1952;  188S,  16,  2005,  2904,  3044;  1884, 
41.  t  vroMti  (Stacdeler,  ibid.   ISm,   116.  99) ;  1  17,  100). 

m-aiiunulA  uiojio  acid  (Erlenuicyer,  Jala  cab.  '  C^uuione-iiiude  «lyestufl[s  are  obtained  by 
1801,  404).  It  is  also  obtained  by  the  action  condcuhing  chloranil  with  amino-hydroxy-aro- 
of  lumiti";  nitric  acid  on  pentachlorophenol ,  matic  acids  (von  Ueydeo,  D.  R.  P.  119863, 
(Merz  and  Weith,  Ber.  1872,  5,  400)  and  on  [  1898). 

1:2:4: 5-tetrachlorobenzene,  but  not  on  its  2-Bromo-p-benzoquinone  C,HjBrO.,  lu.p. 
t-somers  (Beilstein  and  Kurbatow.  Annalen, .  66°-64^"  (Sarauw,  Annalen,  1881,  209,  100). 
1878.  192,  236).   For  other  methods  of  pre-  Oxime  (T),  a  mixture  (Kehrmann,  Ber.  1888,21, 

p;iration  and  jtai  Ili<  .itir.ii,  -rjine  iavulvinc'  'MD.  '2  :  i-Dihiuniojihcni/Iitnine,  i  ;  ]  .  112^ 
separation  trom  trichloroquinone,  see.  Ciraebe  (Smith  and  Orton,  Chem.  fcJoc.  Trans.  1908,  93, 
(ibid.  1891,  203.  23),  Androgen  (J.  pr.  Chem.  [  318). 

1883,  ii.  28,  425),  Knapp  and  Schultz  (Annalen,  1  2  :  o-D!bromo-;j  benzoqulttODO  CJRJit/)^ 
1881,  210,  170),  .Slcnbousc  (i/urf.  Spl.,  1808,  0,,  m.p.  188"*  (Benedikt,  Monatah.  1880,  1,  846; 
209),  Banal  (BuIL  Soo.  chim.  1894,  iii.  11,  708),  [  Sarattw,  ArauJen,  1881, 209, 113). 
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2 : 6-DIbromo-pbeiisoqiiInoiM,   m.p.  131* 

(U'vv  and  Schnlt/.  Annalen,  1881,  210.  168; 
Henrichacn,  ibid.  1889,  253,  286;  Thiele  and 
EiohwMle,  Ber.  1900,  33,  673;  van  Erp, 
Rec.  frav.  ohim.  1911.  30.  270).  Hydroxy, 
phenyliininc  CsniBr,0(:  N.C6H4OII)  (Mohlau, 
ibid.  1883,  10,  2845).  Ihiminc  hydrobromidf 
(Jackson  and  Calhano,  t^id.  1902,  35,  2495). 

2  :  6-Dibromo-i  :  i'dimelkyUhioniumquinone 
C,H,Br,[:  S(CH,)], :  O.    ni.p.    251°  ^'i:'';  by 
the  action  of  alluli  on  C,H,£r^iS(CM,)2lJUU  1 
(Zmoto  mad  GUhn*  Ber.  1W7,  40,  3046).  j 

2  :  R-DUnWtO'p^fnzfyqni'nonc-i-oxime  blac- 
kens at  leO^.enicxlf  s  ai  lt>8°-175°  (0.  lischtr  ' 
and  Hepp,  Ber.  1888.  21.  (i74  ;  Kehrmann,  ibid. 
3318;  Fiirstor  antl  HolHTt-nn,  Clicin.  Soc. 
Trans.  19<J1,  7U,  G87 ;  van  Eri».  /y cil.) :  ar^rtyl 
derivative,  m.p.  122*;  benzoyl  deri votive,  m.p. 
197**:  4  (  hloroimine,  m.p.  78°  (Moblau,  Ber. 
1883,  It'i.  2S45;  SViedttaider  and  Steage,  ibid. 
1893.  2ti.  22()2). 

Two  other  •dibromobenzoquinones  mcltin;^ 
at  78*  (B5hm«r,  J.  pr.  Cbem.  1881,  u.  24.  454) 
and  88*  (Prunier,  Ann.  Chim.  Phyi.  1878»  T.  16, 
67)  have  been  described. 

Tribromo-p-benzoqulnone.  m.p.  147*  (Sarauw, 
Annalen,  1881,  209.  120;  Prunier,  I.e.;  Stcn- 
hotiao,  Annalen  Rpl.,  1872,  8,  20  ;  Heermann, 
Ber.  1877.  m.  lln,. 

Tetrabromo-p-lieiizoqulnone  or  bromanil 
CaHr/)^.    m.p.   800*.   For   preparation,  sec 

Stcnhou.ie  (AnuaUn.  !S.'54.  91.  307;  Spl.,  1872. 
8.  18);  Sarauw  (Annakn.  1S81.  209,  126); 
Hubnar  {ibid.  1867,  143.  255) ;  Ulasiwetz  and 
Habermann  [ibid.  1871.  159.  .320);  Schunck 
and  Marchlewaki  {ibid.  1894,  278,  348) ;  Graobe 
and^Weltner  (/itW.  1891,  26.3,  33);  Losanitsch, 
Ber.  1882,  15.  374);  IJng  (Chem.  800.  Trans. 
1892.  61.  568) ;  SimoniB  and  Wenzel  (Ber.  1900. 
33.  421)  :  Auwcr.-4  and  Buttner  (Annnkn.  1898. 
302,  133,  142).  The  method  of  Uraebe  and 
W«dtner  is  to  be  recommended.  Nnmeroiu 
chlon^^T  init-qninonos  have  been  preparrH. 

2 :  5-Diiodo-7>-beazoquinone,  m.p.  107*^-159° 
(Metzeler.  Ber.  1888,  21,  2656). 

2 : 0-Dilodo-p-benzoquinone,  m.p.  178**  (R. 
StMfert,  J.  pr.  Chem.  1883,  ii.  28.  438;  Kehr- 
mann  and  Mes«ingcr,  Brr.  1893.  20,  2377  ; 
Kehrmann,  J.  pr.  Chem.  1S87.  u.  37,  336; 
Willfjerotlt  and  Arnold,  Ber.  1801,  84.  3351). 
DihromodiiodO',  Broinotriiodo,  and  Tetraiodo- 
p4feHZoquinones  melt  at  258  -259  ^  253°- 264', 
aad  28S*'M4*  respectively  (Turrev  and  Htmter, 
J.  Anir  r.  Chem.  Soc.  1912,  34,  702). 

2  NItro  benzoqulnone  C,H,(NOj)0,.  The 
compound  described  by  FricdEutlfr  (Ber.  1896, 
28,  1387)  is  really  2-nitro-  3  or  «-i»«mtro-p- 
hydroxyanilineqninonc  (Kelirmann  and  Tdte- 
koNV-^ka,  Ber.   1 SW  1'"''^:.     Tin    2  :  6-dl- 

cbloro-  and  2 : 6-chlorobromo  derivatives  of 
nilramillMMe  have  been  described  (Guarcschi 
and  IMccomo,  ihid.  1S«;.').  18,  1171;  Oariino, 
Atti.  R.  Acnad.  Sci.  Torino.  1890,  25.  250). 

2 :  3  Dleyano-p-lMMOqttinone  C,Fr.(CN)-0,. 
Bv  oxidation  of  dicyanoqniool  \vith  the  vajwur 
of  nitric  acid  (Thiele  and  Giinthcr,  Annalor,  1 906, 
349.  45). 

The  requiaite  dioyanoq[uinol  is  obtained  by 
dissolving  2  IdkKi.  of  qninone  in  60  litres  of 
jileohol  and  2-!i  litres?  of  eoncrntratrd  snlphnrir 
acid.  A  conoentratefl  solution  of  i>ota.s4(iuni 
eyftnido  ia  added  at  oidhiaiy  tempmtiue  until 


^6  reaction  is  fMntly  allcaUne:  the  solution 

show.s  a  j.'rern  fluorescence  at  this  st«c;r.  The 
liquid  is  acidified,  diluted  with  water  aad  ex- 
tracted with  other.  The  re«idue  left  after  dis- 
tilliii'/  "fT  tlie  ether  is  ilihifed  ^ith  water  and  the 
lUeyanociuinul  |irui  ijntated  as  brownish  lenfletn. 
By  tccr>*staUi.sing  from  water  with  addition  of 
animal  charcoal,  feebly  yellow  coloured  noodlea 
of  the  formula  C,H,(CN),(OH)t+2H,0  are  ob- 
tained (Baver  an.i  Co..  D.  H.  1*.  11700.5,  1800  J 
Thiele  and  Meisenheimcr,  Ber.  1900.  33,  G7fi). 

p-Beii»Mpiiiioiie*2>caTbeiylie  add 
C,H,(CO,H)0,. 
Nitropo.salicylio  acid  is  the  4-oxime.  By 
adding  acetic  acid  to  a  solution  of  potaasinm 
s.nlicylftte  and  podium  nitrite.  Converttd  by 
fcrrib  obloride  to  a  green  dyestuff  (Bayer  and 
Co.,  D.  R.  P.  48401.  1888).  Also  obtained  by 
boilin?  .5-nitro.sn-N-niethylanthranilic  acid  wHh 
aqucoUR  eodiura  carUjiiato  (HoTiben  nivl  Bras- 
sert.  Ber.  1907,  40.  4739),  m.p.  l()2'^-lb3°.  The 
oxhne-mdhyUmine  CgH,(:  NC)}l)f:  NCH,)(  ()OH 
has  been  obtained  (HouIxmi,  Bras.sert  and 
BMinger,  il)>(2.  1909,  42.  2745) 

j»-B«ll04iliDone-2 : 3-d!carboxyUo  acid 

c,n,(co.,H),o,. 

The  anhydride  and  imide  luwc  been  prepared 
(Thielf  .'ukI  Giinther.  Annalen,  1906.  349.  45). 

2Amino-/>-benzoqulnone  C,U:.{MIjO,. 
The  acetyl  dcrimti^,  m.p.  142**,  is  obtained  by 

,  the  oxidation  of  2:4-  or  3 : 4-diacctamino- 

,  phenol  (Kehrmann,  Bahatrian  and  Gauhe.  Ber. 

;  1898,  31,  2400.  2404).  Salts  of  2-^;w»H0-p- 
beazoquinxme'^imim  have  been  obtained  by 
tJte  oxidation  of  2 : 4-aminophpnol  (Kehrmann 
and   Pra^'er,  ibid,   1006.  39,   3437).  Awino- 

.  quinone-dtphenyldiimine  Vfll,(iiH.^){:  N'CjH,)-, 
m.p.  167®,  resulta  from  the  oxidation  of  neu^l 
solutions  of  a'lilino  salts  bv  mangancj^e  or  lead 
peroxide  (Bonislein,  ijid.  [l901.  34,  1268).  It 

I  yields  a7.ophenine  on  beating  witb  aniline  and 
its  hvdrocnloride. 

5-Chloro*2-aMfaiirtBOb«nfloqidii«iie,  m.p. 

174''-175''. 

I  6-BnHno-2-«eetamlnobeiizoqulnone.  m.p. 
183»-186«. 

!  2.AniIino-p-benzoqri!noTteCgH,,(NH-C,H5)Oj. 

1  Bv  oxidation  of  amiuio-quinol  with  N/10  feme, 

'  chloride  (Willstatter  and  Majima,  Ber.  1910,  43. 

'  258S).  The  4-pbenylimine  ia  obtained  ^  by 
adding  sodium  nitrite  to  i-amino-3t  4-dianilino- 
iienzene  in  hvdrouhloric  acid,  m.p.  IS.j*  (0. 
Fischer  and  Heller,  ibid.  1893,  26,  385) ;  3 : 0- 
and  3 :  8*diob1oro>  and  3 : 6 : 6'tri«hloT0<d«riT»- 
tive:^  of  anilinoquinone  (Niemeyer,  Annalen, 
188.").  228,  332.  336.  337). 

Many  arylamino-quinooes  can  be  prepared 
by  thi.'  fjent-ral  reaction 

!  2C,li40,  +  X}KR-C,>MNHR)0,+CJT,(OIT), 
(laeljormann  and  Jacoljson,  Annal<  n.  18.S.3,  2J1, 

1  75  :  Zincke,  Ber.  1881, 14.  1494).    If  an  amino- 

'  phenolearboxylic  acid  is  used,  mordant  dyeetuife 
are  obtained  (von  Heydcn,  D.  B.  P.  n9S03, 

,  1898).    Thus,  for  example,  19  kilu.-.  of  amiuu- 

I  saltovlic  acid  are  dissolved  with  14  kil'  .^.  of 
■-■odiuni  aeetato  in  300  kilos,  of  alrohnl.  A 
soluliun  II  kilos,  of  bcn/o(juu.uuf  in  300 
kilos,  of  alcohol  is  added  and  the  mixture  }>oiled 
from  3  to  .n  hours.  Then  600  kilos,  of  alcohol 
arc  distilled  off  and  500  kilos,  of  water  added  to 

■  the  K«iduc,  Tho  precipitated  colouring  matter 
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irs  rt'iK'Atodly  washcfl  and  mado  up  as  a  paste  or 
tis  sodium  i^dt.  The  colouriug  matter  gives  a 
bright  brown  on  ui>ol,  ifeep  mown  shades  may 
be  obtained  oij  a  chnjmo  mordnnt  which  may 
bo  used  buturn  or  aitcr  the  dyeing  opi>ration- 

In  addition  to  benzoquinone,  chloranil  or 
jS-naphtbAquiuoue  may  be  used  :  the  aoida  em- 
ployed are  o-  and  jMkmtnosahcylic,  p-AnumO'm- 
crfsutiuic,  ;j-!imino-o-cre.solcarboxylic,  amino-a- 
hydroxynaphthoic,  amino-iS-bydroxyuauhtbuic. 

2 : 5-Ditiiiiiio-p-bMiio9iilnom 

decomposes  at  r^'iS"  330".  It  is  ol>tuin'-d  by 
hydruly'aiit  of  its  diactli/l  derivalire,  the  oxidation 
lirodiict  of  2  :  5-diacctauiinopbonol  (Kehrmann 
and  Betsch.  Ber.  1807.  30.  2099).  Q  Chhro- 
2  :  b-diacelaminoquinone,  m.p.  225*-226*  (Kehr- 
mann and  Tiealer,  J.  pr.  Cli'  iii.  1S89,  ii.  40»401). 
Diimine  iHi^Uki,  Ber.  i^l,  20»  2115}. 

Tto(niik«tiiyI-2  :      "  ' 

C,H,[N(0H,)J,O8. 

From  quinonc  or  chloroqiiinonf  and  dirnelliyl- 
amtuu  (Myliu<,  l>tr.  lib,  467:  Kehrmnnn, 

tbid.  IHUO,  23,  905). 

DlttliyI-2 : 5-diglycinoqulnone 

C,H.(NHCH,CO,C,H»)„ 
m.i».  215^;  :  S-di^nmoqtnnotte 

C,H,[XHCH(CH,)C0,C,H5L. 
m.p.  140°  (e!  Fischer  and  Schrader,  Ber.  1010, 
43,  525). 

S-Aniino  o-anilino  ;^benzoqulnoll0 

C,H,{NH,l(NH-C,Tr,)0,. 

ra.p.  280*-282*  (Keliriuttun  uiiU  liahatrian,  Ikr. 
18v8  31  2401) 

Phen  vlln  XTI 1 1  XHC,H,K:N-C,H,)0 

(Majima,  ihuL  V.ni.  41.  22i)). 

2 :  o-Di.HTiinno  ^y-benzoquinone  {quinonc- 
ont7«2e)C«U,(NH'C|U,)aOx.  From  quiaoneand 
aniline  (Hofmann,  Jahresb.  1863,  415;  Widhel- 
h;nLs,  Ber.  1872.  .*>,  S.'il  ;  Kiin])p  umi  ScIniUz, 
Annalen,  1881,  210,  178)  and  by  other  reactions 
(Niemeyer,  Und,  1885,  228, 331  O.  Fisoher  and 
Hcpp,  Ber.  1888,  21.  2618;  11.1.,  hniii.l  an<l 
VAnckf.  ibid.  1883,  1«),  LI-^jO;  WiUstiiLtii  and 
M  ijiina.  ibid.  1910.  43,  2588).  The  monoimine 
in  obtaineii  bv  oxidisinjr  a'lilino  with  sodium 
IH^rsulphate  (Majima,  ibi>L  IHI  I,  14.  229). 

The  phtnyliminc  an<l  lli*-  dtphi mjldnmine. 
{azofpheniiu)  axe  of  oonsidacable  intenwt  9m  bein^ 
intermediate  contponndH  in  the  ixamnXkok  of 
ni<!u]iii''s  \,\  ht'iitiiiL:  tiydroxy- aod  ammo-aao> 
compounds  with  anihne. 

2 : 5-DlMillliio-}»-b«n»>4afnoiie-phanylliiilm 

C,Hj(NHC,H4),(:NC.Hs):0 
Li  produced  by  heating  1  part  of  bcnzoquinono 
with  20  jvirtM  of  glacial  acetic  acid  and  2  parUs 
of  aniline  {Zinckc  and  llagen,  Ik-r,  1885,  18. 
787) ;  by  long  continued  boding  of  2  parts  of 
anUme  with  1  part  of  o-nitropfaenol  and  10«20 
part  s  of  50  i>.t'.  aeetie  acid  (0.  Fischer  and  Hepp» 
Annalen,  1891,  2ti2.  247);  by  heating  m- 
hydroxydipbenykuirosamine 

H0-C,H«N(N0)(:.H5 

with  aniline  and  its  hydrochloride  to  100° 
(Kohlor,  Ber.  1888.  21.  910  :  Fischer  and  Hepj), 
ibid.  075  ;  Annakii.  IKIH.  2t»2.  249) ;  by  warm- 
ing qniaone-pbenylimine  with  16-20  parts  of 
aniline  at  100^  (Bandron-ski.  Monateh.  1888,  «. 
II"*!  ;  fr  un  ."-i]:ii/.o-2-h\(!roxv-l>eiizuic  aciil  and 
aniline  (Dierbat  h,  Annalen,  1893,  273,  118) ;  by 
warming  aniline  with  hydrogen  pcrosdde  and 


dilute  acetic  acid  (Schunck  nnd  Marchlowalci. 
Ber,  1892,  25.  3574) ;  by  the  action  of  haeiuHi 
on  aniline  (Kiigter.  ibid.  1910,  43,  2962); 
accompanied  by  amino-anilino-quinonc-phenyl- 
imine  by  oxidising  anilint;  in  aqueous  acetic  acid 
8(dution  at  0"  with  sodium  bromatc  (Majima, 
ibid.  191 1.  44,  229) ;  by  the  elootrolytio  reduc- 
tion of  p-nitrophcDol  in  a  mixture  of  2  parts  of 
aniline  and  1  |>art  of  hydr.  clilorir  a<  !<!  (sp.gr. 
119)  (Liib,  Zeitjich.  Elektrochcm.  1900,  6,  441) ; 
and  by  the  action  of  aniline  on  o-benzoquinono 
(•Jackson  and  Koch.  Ber.  18*>8,  31,  1457).  M.p. 
203*.  Yaldi*  ethers  of  anilmoliydroxyquinone- 
phenylimuie  when  heated  with  aloobols  and 
sulphuric  acid,  and  azophenine  on  eontinued 
heating  with  aniline  at  180"-200**. 

2  :  5-  Dianlllno  •  p  •  benzoquinone  -  diphenyldl- 


and  Thomas,  (Jhem.  Soc.  Trans.  1883.  43,  115); 
by  heating  2  parts  of  aminoazobenzene  with  4 
parts  of  aniline  and  1  part  of  aniline  hydro- 
chlorido  for  24  bouts  to  80"-9<t'*  (Witt  aiui 
Tbomaa;  also  Witt,  Ber.  1887.  20.  1539),  ami 
by  numerous  other  reactions  (Witt,  ibid.  1877, 
10,  1311 ;  O.  Fischer  and  Hc-pp,  ibid.  1887.  20, 
2480  ;  1888,  21,  083.  680  ;  Annalen,  188!>,  2br,. 
146;  1890.  256.  258;  Ikuta,  ibid.  1888.  243, 
285;  Sxaryasy,  CSiem.  8oo.  Trans.  1900,  77, 
207;  B<"nistein,  Ber.  1901,  34,  12()S). 

For  the  preparation  of  the  substance, 
Fischer  and  Hepp  recommend  heating  100  grnis. 
of  nitrosodijih"  nylamine  with  500  grms.  of 
aniline  and  iUO  grim,  of  aniline  hydrochlorido 
for  8-10  hours  on  the  t»ater-bath.  The  crystals 
which  separate  are  washed  .mcrceasively  with 
water,  dilute  alcohol  and  absolute  alcohol  and 
then  recrystallised  Ironi  tuluena;  m.p.  240®. 
Soluble  in  ohJbrofurm :  the  solution  in  concen- 
trated sulphuric  acid  is  violet  and  sudflenlv 
turns  blue  at  100**.  Heated  to  360^  az-ij.!  . nin".. 
yiolda  aniline  and  fluorindine ;  heatnl  with 
pi  iiiiary  ba»>es,  indulinea  are  produced.  W'.iter- 
.soiuble indulines  an*  pro'iiu  cd  when  nylcne- 
diamino  is  employed  (Diilil  und  Lo.,  i).  K.  P. 
43008,  1887),  whilst  l  lui^h-grey  water-soluble 
dyeettti&  are  formed  by  heating  with  hydro* 
chlorides  of  nitrosodialkylani lines  in  glacial 
acetic  acid  solution  (Fnrbw.  tiriesheini.  I).  R.  P. 
55220,  1890).  By  long  continued  boiling  with 
alcohol  and  sulphuric  aeid,  aniline  and  dianilino- 
quinnn«>  are  produrcd.  Reduction  gives  t»'tra- 
andinnlien/.cne  (h\diait(>phenine),  m.p.  173°— 
174*'  (li  ehor  and'Hepp.  Ber.  1887.  20,  2483). 
Several  liaio'.nni  der!\;iti\ cs  have  been  prepared 
(Fischer  and  Hopn,  Ikuia). 

MethylazophMUiw  CaiH.^^,  from  p-nit t .  > d- 
pbenvltolvlamine  and  aniline,  melts  at  230** 
(Rcichold".  Annalen,  1889,  255,  160). 

2 :  S-Di-methylphenvlamino-p-benzoqlnnone 
C,H,LN(CH,)(U,H5)1,0,. 
By  warming  an  alcoholic  solution  of  numo- 
nuthylaniline  with  quinone.    Red-brown  leaflets 
with  blue  retlex  (Moblau  and  Redlich,  Ber.  1811, 
44.  3016). 

Dianilino  -  ch!oro  -  p  •  benzoquinone.  Thi> 
phenyliminc,  C^HC'HNHC,Hg),(:  JSO^H,) :  O, 
m.p.  196*.  is  obtametl  by  addini;  6  molecular 

pro}^M)rt ion  •  of  aniline  to  an  nlcfliolir  solution  of 
trichloruquuionc-chloroimiue  (Andrescn,  J.  pr. 
Chem.  1883,  ii.  28,  428). 
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3  ;  6-DieIiIoro-2  :  5-dlamino-j»-lMnnqaiiioiM 

(ehlomnilimide)  tg(  ^.(NHj)^©,  is  obtoined  by 
the  action  of  ammonia  on  chloraiiil  (Jjaurent, 
Ber.  Jahresberiobt.  25,  850;  Kuapp  and 
Sehultz,  Annabti,  1881,  210,  184),  or  on  the 
dimethyl  ether  of  chloranilic  acid  (Kehmiann. 
J.  pr.  Clitm.  1889,  it.  4(1,  371).  Fine  reddieh- 
brovvii  ui'i'illes;  Eublimes.  Insolulilc  in  water, 
alcohol,  ether  and  nmrnnnia;  dissolves  in 
alcoholic  pota-^U  with  a  viulft-rod  colour  aud.  on 
boiling  with  caustic  potash  solutkm  gives 
ammonia  and  chloranilic  acid. 

3  :  6-DleIiIoro-2  :  5-dfainIHno-p<benzoqninoQe 

irj.'nranihniil.-'h)  C.n,' XHC,H.),0.,  results 
from  the  action  of  aniliitc  on  ohloranil  (Heese, 
Annalen,  1860.  114.  300;  Hofmann,  Jahftwb. 
1863,  415  :  Knapp  and  Schnltz,  Annalen,  1881, 
210,  187),  and  J»y  other  rcatiione  (iSchmitt  and 
AAdresen.  J.  pr/Chem.  188!,  ii.  24,  431 ;  And- 
rciieii,  ihui.  1883.  ii.  28.  427  ;  Niemeyer,  Annnlrn. 
188.'»,  228.  333).  Yellowish-brown  mttnllic 
Ublets,  m.p.  28r>''-290''.  sublimes  with  very 
litUe  decomposition.  The  diphtttjflimiM  {di- 
tkloroazophcnifip)  has  beea  deaoribed  by  Bftnd- 
rowski  and  Prokopecslco  (BulL  AomL  Set. 
Craoow,  1901,  441). 

Other  derivatives  of  quinooe  eontainiDg 
groups  'XHR  find  'NRj  in  positions  2  and  5  aro 
described  by  Schmitt  and  Andresen  :  ^'^ilc  ami 
Aains  (Bull.  See.  chim.  1896,  iii.  13.  740;  1890. 
iii.  15,  1027,  l(»n3) ;  Jackson  nnd  Torrey  (Ber. 
1897,  30,  531  ;  Amer.  Chem.  .1.  1898,  20,  419) ; 
Imbcrt  and  £)igte  (Bull  Soo.  ehim.  1808»  iii.  19,' 
675). 

3 :  6<DliiHro-2 :  S-ditmlMi-]EP-taiMN|iiliioiii 

CV(NOj,{XH.,)sO, 
i<?  nV)tninr-<l  by  atldini:  the  iiitrat<'  of  diamino- 
iUiiioiii -tliiiuine  to  li^-2U  parts  of  cuncentrated 
}<ulphuric  arid  at  a  tempewturo  below  10*. 
Dark  yellow  needles,  give?  tetraaminoquinol  on 
reduction  (Nietzki,  Ber,  18S7,  20  2115). 
8-lRtro-2 :  Suifnlllno-pbenzoquinoiM 
r,.Jf(N0,)(NHC,H6),0, 

(K^hrmann  and  Idikowska,  Ber.  1899,  32, 
1067). 

2 :  e-Dlamino  ?i  benzoquJnone  f  '„H  (NHj),0.y 
Hud  the  hydrus'liliii of  it8  4-w/.u.'t  are  obtained 
by  the  oxidation  of  1:2:3:  5-tetraaminobcn- 
zpn**  with  forric  chloride;  (Nietzki  and  Hagen- 
•.^Qh,  Ikr.  1897.  30.  542).  The  diacdyl-deriva- 
tive,  ni.p.  205°-270°,  by  oxidising  triacetuniino 


120".  black  at  124*,  but  docs  not  melt.  Uberatca 
iodino  from  hydriodio  acid,  easily  i-educed  to 
trihydroxylMMi'/cne  witli  wliicli  a  fpiinhydrone 
oan  be  obtained  (H.  Wilbtatter  and  i!\  Miilier, 
Ber.  1911,  44.2181). 

(  ■firnpoinul-i  of  fii)|)ari  ntlv  the  eame  empirical 
foruiula  httvo  lx.en  described  as  '  mclanic  '  acid^ 
They  re«»ult  by  boiling  tannin  with  caustio 
potasli  or  by  oxidi.sing  solutions  of  saIioyIa!do> 
hvilc  or  (juinonc  (Biichner,  ^VnnaJcn,  J  845,  63, 
373:  Piria,  ihi.i.  1811.  39,  167;  WMkmnsfcy, 
J.  pr.  Chom.  1845,  34,  251). 

NitrosorcBorcinol  (Ft^vre,  Bull.  »Soc.  cbim. 
1883,  39,  r^S'))  ami  (iinitnisnrcsorcinol  (Fitz. 
Ber.  1875,  8,  031)  can,  in  the  tautowerio  forms 

C,H,(OH)(:  MOH):  0  and 

C.H:(NOKOH)(:  NOH):  O, 

be  regarded  as  the  monoximes  of  hydroryquinona 
and  nitrotohydroxyquinone  respectively  {see  also 
Kostanecki,  Ber.  1887,  20.  3133). 

Mononitrosoresorcinol  Iia.s  lieen  used  in  the 
prt'prt ration  of  oxaziiur  dycfitufl.H  (resorcin  blue), 
which  proved  f<)  \h'.  of  little  technical  value 
(Bindschcdler  and  Bmch.  D.  R.  P.  14022,  1880). 

Dinitrosoresorcinol  ih  ui»ed  as  a  pa^to  under 
the  names  of  *f«st  green  '  and  'solid  green  '  on 
m\k  or  cotton  mordanted  with  iron.  A  method 
for  directly  colouring  the  fibr*  with  lakes  of 
quinone-oxime.s  i.s  to  imprr;:iuitf  tht-  matfrial 
with  a  phenol  (e.g.  reiiorcinol),  a  mordant 
(ferronn,  chromium  or  cobalt  salt)  and  an  acid, 
then  til  dry  and  subscqncntly  pass  the  goods 
through  a  boiliiig  neutral  nitrite  Huhitioii  (Kallo 
and  tVj.,  D.  R.  R  99486,  1897  ;  101623,  1898). 

Dinitmsorcsorcinol  gives  a  fast  brown  dye- 
stuff,  essaciiu,  when  acte<l  on  by  sodium  hypo- 
sulphite  (NaHSO,)  (KenthiU,  l>.  K.  P.  54615). 
A  different  colouring  matter  is  produced  when 
it  is  nxlucod  with  sodium  hydrogen  sulphite 
( Binder,  D.  R.  P.  65049,  1 H9 1) . 

A  derivative  of  hydroxyquizxoue  is  chrysone 
C^i^U^Oj^.  obtained  l>\  oxidatitm  of  oh^rtin. 
Gives  (oluiir  reactions  of  anthooyanin  (H. 
Niereuiitein,  Ber.  1912,  45.  499). 

2-Methoxy-p-benzoquinone  C«H,(0C'H3)0,. 
Bj-  oxidation  of  o-anisidine  I'Miihlliiiusc  r,  Anna- 
len,  1881.  l'o7,  2rA  \  Will.  li.  r.  LSSS,  2\,  (iU5)  : 
the  dimethyl  ether  of  /i-aniinuresorcinol  (Becli- 
hold,  Ber.  1889,  22.  2381);  or  3-methoxy-4- 
aminophenol  (Henrich  and  Rhodius.  ibid.  1902, 
35,  Msfii.  ni.j).  14<i°.    J/onormjf  (nitro-of;nia(  ol ) 


phenol  (Bamberger*  Ber.  1883^  16,  2402)  or  1  wveral  derivatives  (Bridge  and  Morgan,  Anier. 
tetraaeetvldiaroinoqninol  (Nietsbi  and  Freusser,  f  Ohem.  J.  1890,  22,  486).   Dummt*  m.p.  25G* 

1«8»>.   19.  2247:    1896.  20.  797).    />i-  '  (B-  ct.  Annalen,  1889, 2»8^  187 ;  Pfob,  Monatsh. 
phthalyl  derivfitive,  m.p.  277*  ^Piutti,  G&zz.    1897,  18,  473). 

chim.  iUl.  1886.  16.  264).  2-Ethoxy-7J-benroqulnone    C  „Hi(0<'M.)0.. 

Triamino-p  benioquinone  r.HlNH.,)/)^.  Hy  m.p.  117*  (Will  and  Pukall,  r.  1S87,  20, 1132 ; 
drawing  air  through  a  sc<iution  of  pcntaamino-  j  Kictaibl.  MonatKh.  •1898,  19,  552J 


benzene  hydrochloride  (1  -im.)  and  f^odium 
acetate  (2  grm.s.)  in  water  (150  c.c.)  for  2  day.^. 
Dark  brown,  insoluble,  canily  decomposable 
powder  (Jackson  and  Qrtndtey,  Ber.  1893,  26, 
2305). 

Hydroxyqahiones     The  bydrozyquinones 

are  of  imi  id.  rahli-  theoretical  interest  and  in 
the  naphthalene  and  anthracene  srries  ncquire 
oonsiderable  importance  as  dyestutTs. 

2-Hydroxy-;}-benzoqiJinonp'('J(  (OH)Oj.  By 
oxidii<ing  1:2:  4-trihydn*x\  !**  ji/.cue  in  ab^lute 
ethereal  solution  with  silver  oxide.  Crystallises 
in  yellow  rectangular  tablets.  Turns  brown  at 
Vol.  IV.— r. 


Trlehloroliydniqp-p-lMiixoqttlnoiie 

c%a,(OH)o,. 

m.p.  194*,  yields  chioranilto  acid  when  wHrnu-d 
with  alkalis  (Ztnclce  and  Scbanm.  Ber.  1894,  27, 

560). 

Tribromohydroxy  p  benzoquinone 

(•,Br,(OH)0,, 

m.p.  2<>.'">^.  Kv  hvdrohsis  of  the  lion)iacclal 
r,,T5r3(UH)()((H'H.,')>  (Jackson  and  Flint.  Anicr, 
t  la m.  J.  1UU8,  39.  80).  The  '  tri bromoxyhj^ dro- 
chinon,*  m.p,  200''-207°,  obtained  In  the  action 
of  bromine  on  1:2: 4«trihydrox>'ben»me  is 

2  K 
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probably  ideatio»l  (Bartb  and  Schmler.  Monat«h. 
1884,  5. 803). 

5«AoiblO'2-hydroxy^p  benzoqninone 

C,H,(NH,)(0HJ0,. 
The  monoimine.  is  identical  with  diimmoreBoroin  ; 
acrt'il  d.  nrntive  C,Hj(NHCOCHj,)(OH)0„  m.p. 
170*  (Niotzki  and  Schmidt,  £er.  1889.  22, 1067 ; 
Kehrmann  and  Betsoh»  tbid.  1897,  30,  2102). 

5-Dimethylamliio-  2  -hydroxy- p-benzoqtilnone 
C«H.[N(CH,)i][OH]Oi.  Red  crystals  (Kehr- 
mann,  Ber.  1890,  23,  906). 

6* Alllilno-2  hydroxy- /?-benzoquinoil0 

and  seimral  deriTatiTni  (Zinoke  and  Hagen,  Ber. 

ISSTi,  18.  7SS).  Mrlts  aii-l  <l-composes  nf  22S«- 
230*  (Kshrmann  nnd  liHUtitriao,  ibid.  Ittyy,  31, 
£401). 

For  other  derivativcri  of  5-aniino-2-hydroxy- 
quiiiono,  «f!c  Fisrlu  r  and  IJepp  (Ber.  1888,  21, 
677) :  Kehrmann  (ihid.  1890.  23,  900) ;  Jackson 
and  Torrcy  ( ibid.  1897, 30. 829 ;  Amcr.  Cham.  J. 
I8U8,  20.  410).  Ethers  of  the  type 
C«GI(OC,H^NBR')tO, 
have  been  prepared  by  Kehmuuin  (J.  pr.  Chem. 
1891,  ii.  43,  261). 

2 1 8*INIiydroxy-p-btiiMqiilD0M 

C«H,(OH),0, 
ia  obiainod  by  cUiuination  of  carbon  dioxide 
from  dihydroxyqniBonedioarboxylio  acid 

C,(OH),(CO,H),0^, 
and  l»y  oxidation  of  1:2:4:  5-totrahydroxy- 
benzLiic  with  ferric  chloride  (Lcivvy,  Ber.  1886, 
19.  2387).  Also  by  heating  diiminorusorcinol 
with  10  parts  of  10  p.c.  caustic  potash  at  70* 
(Nietziri  and  fkshmtdt,  <^  1888,  21,  2374: 
1889,  22,  1054)  and  hy  hrating  anilinoliydruxy- 
quiaone  or  its  anilido  or  tetramethjldiamino- 
quinone  Mith  dilate  alkalis.  It  can  m  obtained 
from  dianilinn-qninonf!  or  chloro-dianilino- 
ijuttioue  by  heating  with  a  mixture  of  3  parts  of 
conocntrated  solpaiiric  acid  and  2  part.s  of 
alcohol  (Kehrmann,  Ber.  1890,  903);  together 
with  mcthyl-o-aminophenol  by  heating  N- 
mothylphcnoxazino-o-quinono  with  ^odniiii  }iy- 
droxido  solution  (Diepolder,  Und.  1899,  32, 
3523) ;  by  heating  2-amino-8-ani]inoqn{none 
w  itli  i!aus(ic  soda  or  dilutt;  sul|)huric  acid  fKchr- 
mauu  and  Bahatrian,  ibid.  1898,  31,  2402)  and 
by  alkaline  hydrolvsis  of  the  diethyl  ether 
(Kiioevenagcl  and  Biickel.  ibid.  1901.  H4,  2402). 
Melts  and  partially  decomposes  at  215*-220*. 

Strong  acid  giving  highly  coloured  salts ; 
stannous  chloride  reduces  to  tctrahydroxy- 
l>cnzone.  Bromine  and  caustic  soda  give 
bromanilic  a<i(l  ;  nitric  acid  gives  nitranilic 
acid.  The  compound  Q^K^O^H^  obtained  with 
hydroxylamine  and  formnlated  hy  Nietzld  and 
Schmidt  (Ber.  1888,  21,  2377)  a.  a  .i;..ximc, 
is  really  hydroxyiamim>liydro.\^  quiuone-mon- 
oxinie  as  it  gives  4:  6-diaminore.sorcinol  on  re- 
duction (Krhrmann  ami  Bctsich,  ibid.  1897.  150, 
2097 ).  itciicl^  tautuiiu  i  ically  as  4  :  5-dih v  droxy- 
O-qninonc,  with  o-phenylene«lianjinc,  dihydio* 
phenazine  is  produced.  2  :  5-Dihydruxy-quinonc 
apparently  gives  two  -scries  of  ethers, 
C«H,(OAIkyl),0,. 

Dimrth>/1  ethers  (Hofniann.  Pv  r.  1S7S.  II,  :^:V2  ; 
Will.  ibid.  1SS8.  21,  bUH  ;  Ni«  uki  and  ^v  hinidt, 
ibid.  2376  ;  Nietzki  anil  Ri  chhi-rg.  ibid.  1890, 
23,  12lti }  Ciamician  and  bUber,  ibid.  1893,  26, 


780  i  Knocvonagcl  aud  Biickel.  ibid.  1901,  34. 
3996).   DkAifi  etherg  (Nietcld  and  Reohberg, 

Knofvena^rl  and  Buekrll.  Dipropyl  elAer, 
nj.p.  187*,  aud  dibemoyl  derivative,  m.p.  174* 
(Knoevenagel  and  Buekcl). 

6-€lilQio-2 : 5-dlhydroxy-p]Mlioqiilli<ni« 

C,HClfOH),0, 

molts  ami  d'  <iimpose«  at  240°  (Kehrmann  and 
T]    1  r.  J.  pr.  (Jhem.  1889,  ii.  40,  484). 

fi-CJiton»-2 :  G-diphenoxy/i-benzoqidnoiie 

^\Hr!(OC,H,),0„ 

m.p.  169*-17U°  (Jackson  and  Grindley,  Amer. 
Chem.  J.  1895.  17,  655). 

3  :  6-Dichloro  2 : 5-dlhydroxy-;)-benzoqulnone 
{chloranilic  acid)  ( 'flCls(OH)jO,+2H,0.  By  the 
action  of  yxjtassiuin  hydroxide  on  chloranil 
(Hrdmann,  Annalen,  1843,  48,  315)  or  trichJoro- 
(piinone  (Gracbe,  ibid.  1868.  146,  24) 

C,Cl4O,+4K0H-C,a,(OK),O,+2Ka+2H,O. 

2C,HCIjO,-f3KOH 

=c,a,(OK),o,4-Ka+c,Ha3(OH),+H,o 

Preparation.   10   parts   of   chloranil  arc 

moistened  -with  alcohol  and  added  to  a  .■solution 
of  9  grms,  of  sodium  hydroxide  in  210  grms.  of 
water  at  70*-80*.  After  2  hours.  20  gnns.  of 
sodium  chloride  are  adde<1,  the  soditim  chlor- 
anilatc  is  ^-ashecl  with  10  p.c.  brine,  dissolved 
in  boiling  water  and  precipitated  with  hydro- 
chloric acid  (Stenhouse,  Annalen  Spl.,  1872.  8. 
14;  Graelte,  Annalen,  1891,  263,  24).  Ix>ses 
water  of  crvstallisation  at  116*;  melts  in  t^eah'd 
tube  at  283*-284*  (Michael.  Ber.  189^!.  28, 
1631).  100  parts  water  dissolve  0*19  acid  at 
13-5*,  1-4  parts  at  99*.  Solutions  an"  violct-rcd. 
Stn>ng  acid  ;  electric  conductivity,  Barth  {Aid. 
1892.  25.  837) ;  Ooffetti  (Gaes.  ehim.  itaL  1900, 
30,  ii.  238)  ;  Fiorini  {ihid.  IWl.  31.  i.  35).  Arm- 
strong  ha-^  suL'Lr<  >t('d  that  thu  cldotoaniiatca  are 
derived  from  4  :  .l-dihvdroxy-l  :  2-benzoquinoDe 
(Chem.  Soc.  Proc.  1893,  9,  67).  Molecular  heat 
of  combustion  at  constant  pressure,  480-2  cal. 
(Vali  ur.  Ann.  Chim.  Phys.  1903,  vii.  29,  507). 
Several  reactions  lead  to  compounds  of  tho 
aliphatic  series,  e.ff.  nitric  add  ffives  ehlorpicrin 
and  nxallo  add  ;  iodine  in  alkaline  solution 
gives  iodoform  (Jackson  and  Torre}'.  Amer. 
Chem.  J,  1898,  20,  429f. 

The  salt«  of  the  alkali  metals  dissolve  in 
water  with  intense  violet  colour ;  most  of  tho 
other  salts  are  colouretl  precipitates  (He«8e. 
Annalen,  1860,  114,  304;  vStenhouse ;  Graebe  ; 
Erdmann  :  Poj^e  (Chem.  Soc.  Trans.  1892,  61, 
585);  .Tackson  and  Tnrrev). 

a-Dimelhid  ether  0«Cl,(OGH«),O^  m.p. 
1 4IM42*.  From  silver  chforanilato  and  methyl 
iodide.  Tliin  conip. >uiid  and  an  isomer,  m.p. 
167*-158*  {fi-dtmtl/tyl  tther)  are  obtained  by  the 
action  of  methyl  alcoholic  potash  on  chloranil 
in  tho  cold.  Till-  a  dimethyl  ether  luiitcR 
directly  with  sodinm  inpthoxide,  giving  tho 
sodium    !^aU     ot     thrhlorodnm  tfinrif-qultwitr .di» 

methylhemiacelal  (CH30),C,Clj(0H)j(0Cil:,), 
(JaoRBOn  and  Grindley,  Amer.  Chem.  J.  ISUu, 
17,  600).    Several  derivatives  have  been  ]jre- 
pared  (Jackson  and  Oenslager  and  Torrey,  ibid. 
1896,  18.  7;  189SI  20.  429). 

a-Diethyl  ether,  m.p.  Hrr-in.-";  fi-dutlhl 
ethtr,  m.p.  97*-98*  (Steubouse;  Kehrmann.  J. 
pr.  CThem.  1889.  ii.  30,  318 ;  1889.  ii.  40,  367  ; 
JacksoiL  and  Tonoy). 
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Dibenzyl   aher,  m.p.  142**  (Jackson  and 

Oi'iislapcr). 

Di  phenyl  tlher,  m.pw  243*  (Jackson  and 
Gnndley). 

Diacelyl  derivalive  C,a2(OCOCH3),Oj,  m.p. 
182-5''  (Nep,  J.  pr.  Chem.  1890.  JL  42,  170). 

Form  potAsh  and  cy 


8-HttrQ-2 : 5-dihydioxyp-beiuoqoliHiilt 

0«H(NO,XOH)«0,. 

By  wanning  niirodiiminomiorcinol  with  10-15 
part«  of  10  p.c  solution  of  potassium  hydroxide 
(NieUM  and  Schmidt.  Bcr.  188ft,  22,  1661). 
Golden  vcllow  needles.  For  reactions  compare 
abo  Kehrmann  and  Idzkowska  (i^  1800.  32, 
1071). 

  .  •       ...        3  :  O.DInftro-2  :  5-dlhydroxy-p-benzoquinone 

nT.Sl  f  tS  W^tnS  I  (»^«»^^         C.(NO.),(OH).0,.   By  leading 


boiling   aqueous  sus 
rend.  1898,  120,  1870K 

S:  6-Dle1iloro- 2-iiiilBo-6-1i]rdrex]r-p-bMiso- 

quilione  C,n,(NH,)(OH)0,.  obtained  as  am- 
monium salt  by  Kolutioii  of  cbloranil  in  dilute 
aqueous  anunonia  (Erdmann,  Annalen,  1843, 
48.  321  ;  Laurriit,  Ber.  JahrcsU^ricbt,  25,  849). 

3 :  6-Dlbromo-2 :  /i  dlhydroxy  p-benzoquinone 
{brotnanilic  acid)  C,Br,(OH),Oj.  Preparation 
and  properties  reaemble  those  of  chloranilio 
acid  (Stenhonse.  Annalen.  1864,  91,  311 ; 
Sfirauw.  ibid.  IsSl.  -im.  115;  Hant/>ch.  Bor. 
1887,  20. 130:{ ;  Salzmano,  t6Mf.  1097  ;  Hantzt»ch 
and  Kohnit«r.  ibid.  2040;  1888,  21,  2438; 
GmelM-  aiirl  Wdtner.  Annalen.  1891,  263,  36; 
Uvv  and  Jtdlicka,  ibid.  1889.  249,  81  ;  Landolt, 
Ikr."  1H!»2.  2r>,  852;  Line,  Chem.  Soc.  Trans. 
1892,  61.  .'"i74  :  Pope.  i6irf;586;  UofTetti,  Gazz. 
chim.  ital.  1900,  30.  ii.  2,18;  Fiorini.  ibid.  1901, 
31,  i.  .35;  I>e<»comps.  Hull.  Sor.  chim.  1899.  iii. 
21.  368).  Diethyl  tther  C«Br,(OC,U,),0<,  m.p. 
180*  (Bentley,  Amer.  Chem.  J.  1808,  80,  470). 
DitMlkplhemidrflal  of  dimrlfn/l  rthrr 

(CH30),C,Br.(OH)j(OCHj),, 

m.p.  178**-188*  (Jackson  and  (Jriiidlov.  ibid. 
lOOff,  17,652).  I){phenylethet(\MrM)(\\{^)fi^, 


in.p.  266°-267*  (Jack.ion  and  Grindlev). 

Bi9cynnimide.  ON, :  C,Br.,(OK), :  N.C  (Im- 

b<Tt.  Compt.  n  n.l.  1S98.  126,  629). 

3 : 6-Dibromo-2  :  6-dUuiilno-p-bensoaiilnone    __   

(ftrofnniulatRjeh).  from  bromanil  and  awoholic  i  ates.  Is  oolketed  after  12  hoars  and  reeiyatalused 


nf  (jiiitiol,  a  few  drops  of  water  1)oinp  added 
towards  the  end  of  the  n^action  (Nielzki, 
Annalen,  1882,  21.5.  1.38);  l)y  the  action  of 
fuming  nitri<>  arid  on  qiiitu il-(!icarl-'oxylic  acid 
(Herrmann,  xhid.  1882,  211.  342) ;  by  the  action 
of  nitric  acid  (generally  mixetl  either  with  acetic 
or  sulphuric  acid)  on  dinitroqoinol  (Nietzki); 
quinol  diaoetate  (Nictzkl  and  Benckisser,  Bn*. 
1885,  18.  499  ;  cf.  JJietzki,  xlnd.  1883.  16.  2093) ; 
dibydrox^quinoncdicarboxylic  acid  (Hantzsch. 
Qni,  1886,  19.  2899),  and  on  the  triacctyl-  and 
nitro-  derivatives  of  1  :  2  :  4-trihvdroxvl)en7eno 
(Thiele  and  Jiiger,  ibid.  J  901,  34.  2838).  It  is 
also  obtained  by  warming  dinitro-diaroino- 
qoinone  with  dilute  alkali  (Nietzki  and  Bcne> 
kisser,  ibid.  1887,  20.  2110),  and  by  the  action  of 
concentrated  .solution  of  .sodium  nitrito  on 
ohlozanil  (Ncf,  tbid.  1887.  20,  2028;  Amer. 
Chem.  J.  1889,  II.  17). 

For  the  preparation  of  nilranilir  acid. 
Nietzki  and  Bcnckin^cr  recommend  the  .sohitinu 
of  quinol  diacetatc  in  6  parts  of  nitric  acid  (sp.^T. 
1-48-1-50)  at  10*.  then  coolinj^  to  --8°  and 
adding  6  parts  of  concentmtcd  .siiliihuric  acid 
previously  cooled  to  the  mnw  tcmiHraiure. 
After  standing  some  hours  at  —3**  to  0**.  the 
mixture  is  poured  on  to  12  to  15  parts  of  crushed 
ico,  rapidly  filtered  and  dissolvwl  in  pota.«.sium 
hydroxide  solution.   The  potassium  siUt  seper- 


animonia  (Stcnhou-ec). 

3  :  6-Dlbromo-2  :  5  dlanilino-/)-benzoquinone 
(Stenhonse,  Annalen.  1872.  8|tl.  A,  22;  vaaErp, 
Rcc.  trav.  chim.  1911,  30.  270). 

3:6-  Dibromo-2-amino  -  5  -  hydroxy  -  p  •  benzo- 
flUaone  C«Br,(NH,)(OH)Oj.  from  bromanil  and 
aoneooB  ammonia  (Stenhouse,  ibid.  1864,  91. 
8f8). 

3  Chloro-O-bromo  2  :  5-dIhydroxy  p-benio 


from  hot  water  eontainin<r  cnusfic  potash. 
Nietzki  (Ber.  1910.  43.  3457)  atates  that  potas- 
siuni  nitranilate  is  obtained  in  76-80  p.c.  jneld 
by  making  a  paste  of  quinol,  acetic  anhydride 
and  a  few  drops  of  conccntratc<l  .sulphuric  acid 
and  adding  this  to  cold  nitric  acid  (sp.pr.  1*48). 
Concentrated  sulphuric  acid  is  then  poured  in. 
the  mixture  is  ke}jt  at  0^  for  IS  hours,  poured 
on  t<»  ice  and  the  solid  pro<hu  t  treated  with  ice 


fuinone C,ClBr(OH). O. +  11.0  (Levy,  Bcr.  1886,  <  and  caustic  potash  {xec  alsu  llcale.  Annalen. 
8,  2370;  Levy  and  Sohultz.  Annalen,  1881,   1906.  360,  3.34) 


210.  103;  Linsr.  Chem.  Soc.  Trans.  1887,  61. 
7H.-);  Hat.t7.sch,  Ber.  1889.  22.  2829;  Kehr- 
mann and  Tiesler,  J.  pr.  Chem.  1889,  ii.  40,  486  ; 
Pope,  Chem.  Soc.  Trans.  1892,  61,  684;  Ling 
and  Baker,  ibid.  591). 

3  •  Chloro  -    iodo  2  :  5  -  dihydroxy  -  p  -  benzo- 


qau 

Pipe 


C,CU(OH)jO,.   ExpkHles   at    276».  j  30,  ii.  237) 


Nitranilie  acid  melts  in  it*  water  of  crystal- 
lisation, the  anhydroU:>  acid  explodes  at  170** 
without  previou.s  fusion.  It  is  a  strong  acid, 
salts  (Nef,  Ber.  1887.  20, 2028  :  also  Muthmann, 
ibid.).  Electrical  conductivity  (Barth,  Ber, 
1892,  2.5.  837;  Ooffstti,  Qazz.  ehim.  ital.  1900, 


spared  by  adding  the  tlmvetioal  amount  of 

iodine  di--(dvrd  in  sodium  hydroxide  to  an 
ociditicd  H4>lutiun  pf  G-obloro-2 : 6-dihydroxy • 
quinone  (Kehrmann  and  Tiesler.  J*  pr.  Chem. 
1889.  ii.  40.  487). 

3  :  6-Dieyano-2  :  5-dihydroxy-p-benKoqiilnone 
(cyanilic  acid).  The  potassium  salt.  C^O^NtK}, 
is  obtained  by  the  reaction  of  ohloranil  and 
potassium  cyanide  in  methyl  alcohol  solution. 
Stronu  arid,  stable  toward-?  reducini;  and  hy- 
drolytio  agents.  The  salts  arc  fluorescent 
(H.  M.  Ricfiter,  Ber.  1011, 44,  8400). 


A  compound  C,,H,0,oN,  obtained  by  the 

action  of  Tutrmn  acid  on  an  ethereal  solufion  of 
quuioite  ha.s  been  lormulated  as  an  addition, 
product  of  quinone  and  nitranilio  acid  (J. 

Schmidt,  Bcr.  1900.  33.  3JI!m. 

Diamlno-dihydroxy -;>  benzoquinone 
C,(NHJ,(OH),0.. 

By  oxidation  of  diamtnotetrahydrozybenrene. 

Red  bromi  needles  ;  civc-  tct r  ihydroxyquinoiio 
>  when  boiled  with  hydrochloric  acid  (Nietzki 
I  and  Schmidt,  Ber.  1885.  18. 18eM>). 


Digitized  by  Google 


jir.  paii-.l  ?;ilf.s  KT^O^  ami  KHC,0,  from 


900  QUINONES. 

Chloro  anlllno-hydroxycthoxy  p  tenzoqulnone  hn   .  . 
CX'l(NHC,Hj)(OH)(OL,H,)0,.  m.p.  lBU''(Kehr-   quinoue  and  quinol  by  oxidation  of  alkalino 
mann.  J.  pr.  Chom.  1891.  ii.  43.  266).  !  solutions  with  air  (Bull.  Soo.  obim.  1898,  liL  15^ 

MHio-tinlno-diliydroxy-p-beiixoquiiMHid 

C,{NO,)(NH,)(OH),0,. 

By   oxid!.oin<r  nitroaminotrtrRhvdroxvhrnzene 
(Nietzkl  -  I  ^;  l-'.i  ]-.'.^-'  r.  TV  ^  ]<  :.iHi,, 

Chlorodihy{lroxy-;j-benzoquiiiODe-sulphonie 
add  C,Cl(OH)s(SO,H)0,.  The  salt 

C,G<OH)^80,K)Ot+2H,0 

(jCfl  iiccillfsl  is  obtninrH  from  the  potassium 
salt  of  trichloroquinolsulphoiiic  acid  (tiraebe, 
Annalon  1868,  U6,  55). 

Dihydroxy-p-benzoqulnone  disulphonic  acid 
Cj(OH)j(SO,H)jOj,  aLio  kiiowu  as  culliiocronic 
aaid,  is  obtaine<l  from  thiocronic  acid,  the 
product  of  the  action  of  potassium  hydrosen 
sulphite  on  ehlonmil  (Hesse,  Airnakn,  IwBO, 
114,  318;  GrcifT,  JahreBb.  1863.  892;  Oxaebe, 
Aiuialcn.  1868,  146.  46). 


460). 

Banxene-trlqulnone  or  trlqnlnoyl  C,0,.8H.O 
has  been  obtained  by  acting  on  hexahydroxy- 
benzene,  tetrahydroxyqninone  and  rbodixonio 
acid  with  chlorine  or  nitric  acid  (Lerch,  Annalen, 
1862,  124.  .34).  and  \>\  the  ac  tion  nf  nioderfttt  1v 
concc  ntrated  nitric  acid  on  1 : 4-uiaininoti:tra- 
hydroxybencene,  ditminodihydroxyquinonc  or 
hexahydroxvbcnzene.  Nitty.ld  nnd  Brnrki*}-cr 
(Bor.  1885.  18,  604,  1842  ;  see  also  Kietzki  and 
S<-hmidt.  ibid.  1888.  21,  1864)  rwsommend  the 
use  of  tin-  above  diaminn-  compnuiid  which  is 
obtaituii  by  the  reduttioi)  of  nitraiul-u  acid. 
Triquinoyl  *  forms  microscopic  needles.  melt.s 
about  95*^,  Riving  off  carbon  dioxide,  insolnbie 
in  cold  water,  alcohol  and  ether.  Liberates 
iodine  from  hydriodic  aci<1,  n-duced  by  sul* 
phurouB  acid  to  rhodisonic  acid  and  by  acid 


THhydroxy-p  beiiioqilliiom  C,H(0H),02,  its  '  solution  of  stannous  obloride  to  hexahydroxy* 


benzi  ii  . 

Toluqulaones  CyH^Oj.  Ail  three  (two  ortho 
and  one  para)  tolnquinones  hare  been  obtained ; 
they  will  be  referred  to  as 


CH, 


inaeeh/l-,  trihi  iizoijl-  nnd  mono^iuimn-  derivatives 
iiavo  been  described  (Mor?.  and  /titer,  Ber. 
1879,  12,  2040). 

n  Chloro  -  3  ■  etboxy -  2 : 5-dUiydroxy  -  p  benzo- 
quInoDe  CgCl(0C,H,)(OH),O,,  m.p.  Ifis^-ITU** 
(Kehrmann.  J.  pr.  (  limi.  ISOl.  ii.  4:{. 

Tetrahydroxy  •  p  •  benzoqulnone  C^OU)«0| 

results  on  exposing  an  aqueous  solution  of 
hexahydrn.\ylM-ii7.»  i;c  l<>  tin-  air  (D Tth,  .Vnnalen,  ' 
1862,  124,  28),  the  aodium  salt  »e|>arat«s  when  | 
air    pa«i8ed  for  not  too  long  a  {>enod  through  a 
Bohitinn   confaiiiincr  hrxah\ drow  Ix  nzi  iio   m  l    2  :  S-toIuquinone,  *c.  Obtained  by  oxidation  o£ 
sodiuui  carlx.iittU'  (Nietzki  and  liciickisser,  Jicr.   dihydric  phenols  C-H,(CH.)(OH)g, 
1885,  18,  507.  1837).    It  is  al^o  formed  when!      2 : S-lmillilMMie.  Dark  ted  iMrisms  and 


CH, 
O 

o 


2:S 


CH, 


1:4 


2:6 


inoHite  i«  boiled  with  4  to  5  parts  of  concentrated 
nitric  acid  (Maqucnne,  Ann.  Chini.  Phys.  1887, 
▼i«  12,  112).  Blue-black  crystals,  strona  dibanic 
acid  (giving  eoloured  salts;  heated  wiui  acetyl 
chloride  and  zinc  ^ives  hexaoetoxybmnxene ; 
nitric  acid  oxidises  it  to  triquinoyl.  Dittcelyl 
dtrivaiive.  m.p.  206^  (Nietxki  and  Kehrmann, 
Ber.  1887.  20.  3152);  Utraben^ttfi  deriwahe 
(N.  arid  K.  ;  Mfiqui-nnr.  ?.r.);  phenyliminc 
(Nietiki and  Schimdi.  Ik-r.  IHHH,  21 ,  1854).  For 
eOw*  and  Ikio-ethers,  see  .Iack.«on  antl  Grindlev 
(Amer.  Hjem,  J.  1895, 17.  579.  633)  and  Grindley 
and  Sammia  (ibid.  1897.  19,  290). 

Benzene-diqulnone  C'^O^Hi  is  unknown :  it« 
dihydroxy^derivatiTc  in 

«     .      .    CO  CO  C  OH 

acid  wa.s  first  obtained  frciUi  the  black  mass 
obtained  in  Brunner's  nicthud  for  the  manu- 
facture of  {NitaiJi^iuni,  the  .salt  Cj(OK),  is  con- 
tained therein  (Heller,  Annalen,  IS37,  24.  1  ; 
1840,  34.  232;  1862,  124,  ,32;  Will.  tbid.  1861, 
118.  189).  Also  producctl  from  triquinoyl  by 
warminc  with  sulphurous  acid  to  40°- 50* ;  the 
salt  UfOfNaB  separatea  on  saturation  with 
sodium  oarbonate  (Nietzki  and  Benekisser,  Ber. 
1885.  18,  513).  Rhodixonic  m.  i  i  in  the  free 
state  i--*  cidourle^'s,  crystalline  uiul  \  crv  unstable, 
OXidlBcd  bv  chloriiK?  or  flilute  nitric  acid  to 
U'Ueonic  aeid  (('jH,0,  or  C,.(  (j.  }H,0)  ;  a  .«.lu- 
tion  with  sodium  earhonate  eva|Kirated  in  the 
air  gives  croeonic  aeid.  The  alkaline  ?alt.s  five 
intense  reddish-yellow  volutions  which  turn 
yellow  on  adding  exoejui  of  allcali  owing  to  the 
formatioD  of  salts  of  hydrocrooonic  add.  Astro 


needle.-,  ^xjlvniori.ses  in  ethereal  point  ion  to  a 
bimolecular  form,  m.p.  194*-1»6*  (VVdlstatter 
and  P.  Muller.  Ber.  1911,  44,  2178).  Diortme 
C,Ha(CH,)f:  XOHl,,  m.p.  I40*f  h>SB  of  water 

gives    1:2:  3-toluylenefur«zan,    C^H^  jj^O. 

m.p.  44^  (Zincke  and  Sohwarz,  Annalen,  1899, 
307.  48). 

AmIno-2 : 3  (oluqulnonp  r',Tr3(C3H»KWH,)Oi 

The  hydrochloride  of  the  '^-ifuinr 

C4H8(CH,)(ivHj)(:  ^H.HC'l) :  0 

is  obtained  by  adding  excess  of  ferric  chloride 
to  a  Hohition  of  diaininoere.-nl  dili\ didrhloridr. 
saturated  with  sodium  chloride,  i'bo  dark  red 
salt  senarates  out  at  ordinary  temperatures 
(Piccard,  Ber  1         t2.  1^321. 

3 : 4-ToIuqulnone.  From  bomocatcchol  in 
ethereal  solution  with  silver  oxide.  Usually 
|i,iratr-  on  rapidly  evaporatinp  the  solvent  as 
yi  IImw  nnxed  cry.'itals,  m.p.  65''-67* ;  on  re- 
crystallisation  the  dark  red  form.  m.p.  80"-84*, 
is  obtained.  More  stable  than  o-benzoqiiinnnp  : 
ixdvmeriscs  to  (('.H,Osl..  ni.]..  121°-125"^ 
(Willst alter  and  F.  Muller.  Her.*  I'M  I.  44,  2175; 
MacPhcrM)n  and  Boord,  J.  Amer.  Chem.  Soc. 
1911,  33.  1525). 

DiOXhne,  m.p.  127"-12S'  :  1:3:  i  V^hn/h  nr. 
/utazane,  m.p.  37°  (Zincke  and  ^Schworz,  Annalcu, 
1899,  307,  43). 

2:5: 8*1ttehloro-3 : 4-toluqilillOil0 

C.(CH,)C1,0,. 

m.p.  97*-98''  (Cousin,  Aiui.  Chim.  Phys.  1898, 
[vii,]  13,  532)  or  103'  (Bergmaun  and  Francke, 
Annalen.  1897,  298,  163). 
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has  botn  obtamed  in  polymeric  (colourleas) 
form  by  abfltracting  the  elements  of  hydiogsn 
chloride  from  the  sulphochloride 

C,H,Br(CH3)(0H)(S0,a) 
(Zincke  and  Kempf,  Ber.  19U,  44,  419). 

2:5:  n-Tribromo^  :  l-toln^QliuHie* 

117M]S°  ( Cousin 

5-Hydroxy-3  :  4-toluqtlllloin.  NitroflOoroinol 

C,H^CH,)(NO)(OH),  or 

C,Uj(GH,){OH)(:  NOH)0 
is  the  4-oxirae.    Dibenzoyl  derivative,  m.p^ 

168"  (H'  nrir  h.  Mnnatsli.  1897,  18.  169). 

2 : 5-ToluqumoDe.  Bv  oxidation  of  2:6- 
toluylenediamine  (Niotzki.  Btr.  1877.  10,  833) 
or  o-tolnidioe  (lAdeaborg.  ibid,  1128;  Clark, 
Amer.  Chen.  tl.  1892,  14,  566;  Sdmiter,  Ber. 
1887,  30^  2283:  Niotzki,  Annalen,  1882.  215. 
158);  BLp.  eS^^-tte".  Molecular  heat  of  com- 
basCiOfl  at  constant  pressure,  805*8  oaL  (Yalew, 
Compt.  rond.  1897,  1?',  ^"2). 

Kcsumblcs  p-bciizoquir  onc  in  most  pro- 
IK  rt  ic3.  On  standing  24  hours  with  2i  parts  of 
sulphuric  acid  and  2|  parte  of  water,  polymerises 
to  '  isotoluquinone '  (CtH,0)j  (Spica,  Gn?z. 
chini.  itftl.  1882.  12,  225).  Yicld.H  the  ti  i-  i  yl 
derivative  of  2 : 4 : 5-trihvdroxytoluene  when 
heated  with  aeefcio  anhyaiida  and  snlpburio  I 
;i<  i  l  (Thiala  and  Winter,  Annalen,  IflOO*  SU. 
•.UU). 

Diebloride    C^^O.,     m.p.  135»-136'» 

(Clnrk)  ;   dthromide,  m.p.  61°-r)2°  (aark). 

Chloroimine  U,H,{CH,)(:  NH)U.  m.p.  87'- 
88"  from  6-amino-o-cre«ol  (Hir.sch.  Bit.  188a. 
18.  1614).   ChlondmiM  from  d-amino-m-cresol, 
m.p.  75<>  (Stidel  and  Kolb,  Annalan,  1890,  259,  ; 
218). 

Dimethylamlnophenyiimine  j 
0:C,H3(CH3):N-Ce}l,X((;H,),  ] 
(i.)  SVom  o-cresol  and  dimethyl-p-phenylcne- 
diamine,  m.n.  123" ;  (ii.)  from  iiMweeol,  m.p. 
117M18**  (Bayrac,  Bull  800.  cfaim.  1804,  iii 
11.  1183;  Dafeb,  ZmtMlt  Kryat.  1807,  27,  j 
031). 

2 ;  K-Totaiqaliioiie-dl-j^tolyUllaiiiit        >  \ 

CSH,'C.H,(:NC,H,CH,),.  | 

By  acting  on  an  alcoholic  solution  of  di-T^-tolyU  I 
2  :  5-toluylencdiamino  with  concentrated  am-  f 

iiKjtiiacal  copper  nitrate.    Oraii'_'<'-r*<l  nccflltis, 
m.p.  14d*'-146";    dissolves  with  bright 


blue 


ooloar  m  eonoenlmted  sulphurio  aoid  (Oteen,  |  u 
Ber.  1893,  26.  2781). 

2 : 5-Tolimiiloone-2-monoxim6 

C,H,(CH,)(:NOH)0 

idfi 1 1 1' :il  wi'li  n'l  11  ■^o-/;j-crt'Sol. 

Benzoyl  derivative  C.^linOsN,,  nLp.  177* 


1  part  of  o-crcsol  in  30  or  40  parts  of  vm/bn 
(Nolting  and  Kohn,  Ber.  1884.  17,  370).  From 
toluquinone  and  hydroxy lamine  (Goldschmidt 
and  Schmied.  ibid.  2063).  Long  needle«»  oxi- 
diaed  by  ferrioyanide  to  nitrocrcsol. 

2 :  fi-Totaqoliioiw  dtoillBe  C,U,(CH,)(:  NOH 
By  tlie  action  of  hydroxyLiiaino  hydrochloride 
on  either  monoxime  (Nietzki  and  Guitermann, 
Ber.  1888.  21.  432)  or  on  2 : 5-dinitro80-tolucne 
(Mehne.  ibid.  733).  From  6-nitTOso-2-cthyl. 
toluidino  (0.  Fiaclier,  Annalen,  1895,  286.  163). 
Explodes  on  heating. 

Diacetyl  derivative,  m.p.  120^;  freasciyi denes  • 
Hve,  m.p.  135"-] 36";  and  dibromide,  m.p.  186* 
(Bridge  ami  ^iliif^an). 

Monochlorotoluqulnonds  and  derivative 
(Cbtu  and  SohwmtHsr,  Ber.  1886,  19,  928; 

Ulaus  and  Jackson,  J.  pr.  Chcni.  1888.  ii.  38, 
328;  Schnitcr,  Ikr.  1887,  20,  2280;  Vorlilnder 
and  Schrodtcr,  ibid.  1901,  34,  1653  ;  Kohrmann 
land  Tiehvinsky,  Annalen,  1898.  303,  16; 
'  OUveri-Tortorici,  Gazz.  chiiu,  ital.  1S97,  27.  ii. 
676;  Morgan,  Amer.  Chcm.  J.  1809,  22.  407). 

IMdUoiotoliiiuinonesC,H(CH,)a|Oa(South- 
warth,  Annalen.  1873,  168,  274). 

Trlohloro-2 : 6-tohiquInone  C,(CH3)a,0„  by 
chlorination  of  o-  and  m-crcsol,  m.p.  232" 
(Borgmann,  Annalen,  1869,  162,  248;  South- 
warfh,  ibid.  1873,  108,  273;  Claus  and  Hirsch. 
J.  pr.  Chem.  1869,  ii.  3y,  59  ;  Claus  and  Kieniann, 
Ber.  1883,  16,  1602;  Hayduck,  Annalen.  IS71. 
172,  209 ;  Knapp  and  Schultz,  ibid.  1881,  210. 
176;  Seelig.  ibtd.  1887,  237,  146;  Elba  and 
Brunschwoih  1.  f  |  i  .  (  hem.  1S9.'5,  ii.  62,  659). 

.  TMrMUoroquinone  Cc(CH.CI)Cl30„  m.p. 
26e»-270*  (Gorapk  Ansakn,  1867,  143,  160; 
Braeunin^t  r,  ibidl  1877*  186>  362 ;  Riohtcr,  Ber. 
1901,  34,  4296). 

Bromo  -  2:5  -  toluquinone  C,H,(CHt)BrO„ 

3-derivative.  m.p.  03°;  4-(lerivalive.  m.p.  IOC." 
(Claus  and  Jaek<juu,  J.  pr.  Chem.  1888,  ii.  38, 
326;  Schniter.  Ber.  1887,  20,  2286;  Gatter- 
mann,  ibid.  1894,  27,  1931;  Kehrraano  and 
Rust,  Annalen,  1898.  303,  26;  Bridge.  Amer. 
Chem.  J.  ISns.  20,  773;  Jlorgan,  ibid.  1899, 
22,  406).  5-indphono-derivative  ot  ',i-bromotolu- 
quitume  C,H2(CH,)Br(:S0,)0:  a  yellow  sola' 
tion  is  obtained  l>y  adding  potassium  acetate 
to  an  acetone  solution  of  hromocresol-sulphon^l 
chloride.  The  sulphono- qui  none  is  obtamed  m 
a  colourles.^  polymeric  form  (Zincke  and  Bnme^ 
Ber.  lull,  44.  188). 

DIbromo-2 : 6-toluquInones  CgT^OTfjlBr.Oj 
(Caozoneri  and  Spica,  Gazz.  chim.  ital.  1882, 
12,  473 ;  Clans  and  Dreher.  J.  pr.  Giem.  1889, 
ii.  30.  r^T'V, 

Tribromo-2 : 5-toluquinone  C,(CH3)Br,0t. 
m.p.  235"-236"  (Canzoneri  and  Spica,  Gaza. 
I  chim.  itftl.  1882.  12.  470;  Auwer«  find  Zi(  gler. 


nmpc,  V.  Krizcjelet  and  Burrows,  Ber.  1896,29, 


5 ives  a  dieUorhe  C,«H,.0,N,C1.,  m.p.  149",  and 
ibromuh  C,.lf,,0,X,Br,.  m.p.  150"  (Briflge 
and  Morgan,  Amer.  Cheui.  J.  1898,  20,  776; 
1899,  22,  406). 

2 :  6-Tolnqulnone-6-monoxime,  identical  with 
nitroso-o-oresol,  m.p.   134°-135".    Vty  adtling 


lS!»i>,  .'{2.  3015,  3033,  3040;. 

Tetrateomo-2 : 6-toluq(iinone 
C,(CH,Br;Br,0,. 

m.p.  258'-280*  (Atiwers  and  Hampe,  Ber.  1899, 

32,  3016). 

PenUliromo-2 : 6-toluquuioiie 

C4(CHBr,)Br,0„ 

m.p.  100*  (Auvers  and  Buitowb,  Ber.  1899,  32, 

3038). 

lodo-  and  dl-iodo-2 : 6-toluquinones  (Kehr- 


the  thooretioal  amount  of  nitroi^l  suphate  to  1  mann,  J.  pr.  GSiem.  1889,  ii.  39,  398»  401). 
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Cbittrobiomo-2 : 5-toluquInones 
C',H(CH,)ClBrO, 
(Sohniter.  Ber.  1887,  20.  2287). 

Nftro-2 :  S  toluquinoae  C,.Tf ,({'H,)(NO,)0„ 
in.|i.  237**  (?  p-nitro benzoic  acid,  £ur(l,  Ann. 
Chim.  Phys.  1881,  v.  22,  275).    Halogen  deriva- 
Im.v  (Zin''l.:f,  ■} .  yr.  rheni.  ) '  >1  *  I ,  ii.  63»  180). 

3-  Ammo-2  :  o-toluqiuuoae 

C,H,(CH,KNH,)0,. 
Thr  hydrorhloridi*  of  the  5-iminf  is  obtained 
iroui  tlmmiiioc rrsul  dihydrochloriik'  nt  — 16"; 
it  is  light  red  in  colour.  At  ordiiiarv  U  iapera- 
ture  the  dark  rod  liydrocldoride  of  tlic  l  imine 
of  5-aniiru)-2  :  IJ  toluqiuiiouo  is  obtuiued  (Pic- 
card,  iV  r.  I'.anr  i-2.  4332). 

4-  Aiiiiiio-2 : 5-toIuqiilnoDe 

C,H,(CH,KNH,)0-. 
Sevcrtil  derivativt's  aru  know-n. 

Imine  C,H,(CH,)(NH5)(:NH)0.  Salts  arc 
obtained  bv  oxidation  of  diamino-crcsol 

((  HjiOHcNH.-.NH,  ^-  1  :r.:2:4) 
(Krhrni.iiui  and  PlaffBT,  Ber.  1906,  3440). 

•2-}i  Toliflimint,  From  the  di-yi-tolylimine 
hy  thr  action  of  hydroq^'n  chlornlc  on  its 
alcohoiic  Hoiution  at  25**,  pouring  into  water  and 
prc'cii)itating  with  sodiunt  act>tat«.  Small 
reddish-l.nnni  crystals,  ni.p.  I43**-145"'  (Green, 
Ber.  1893,  20,  2775 ;  coniparo  Klinger  and 
Pitsohke,  {hid.  J884,  17,  2442.  and  Barsilowaky, 
J.  Russ.  Phys.  t  hem.  Soc.  1887,  19,  14b). 

2-Plieni/l-5'P'tolyldi imine,  m.p.  204**  (Grecu). 

IH-pAolyldiimine 

(',Tr,(CH,)(NH,)(:NC;H,),. 
300  grms.  ol  puUbtiium  dichromate,  212  grms. 
of  p-toluidinc  and  41H)  gnus,  of  concentrated 
stUphurio  acid  in  40  litres  solution  in  water  arc 
nlloufd  to  stand  2-3  houni  at  5*.  The  raw 
product  is  dissolved  in  cold  glacial  acetic  ncitl, 
dilated  with  water  and  saturated  with  aodium 
carbonate.  The  precipitate  is  then  ext«acted 
•with  hot  iilcohnl  aii'l  irrystallisod  from  xylene. 
This  coui|KjutKl  liAA  aleio  ixxii  oblained  by  oxida- 
tion of  p-toliduu'  and  of  o-amino-m,  7)-ditolyl- 
•mine  (Barsilowsky,  Annalen,  ISSl.  JuT.  102; 
J.  Kuss  Phvs.  I'hem.  Soe.  1887.  lU,  Ml  ;  Per  kin. 
Chem.  S4)c.'TranH.  1880,  37.  546;  Klinger  and 
Pitxchke,  Ber.  1884,  17,  2440;  Green,  ibid, 
1893.  20,  2774  ;  Bonislein,  ibid.  1901,  34,  1274). 
Dark  red  plates,  m.p.  235**.  Soluble  in  concen. 
trated  sulphuric  acid  with  greenish^blue  colour. 
On  warming  the  solution,  n-toluidine  ia  nplit 
off.  thi;  (jolour  eliani;iiij:  to  Bortleaux  red,  For 
other  rcactioiui,  ate.  rctercucea  given. 

AiiUlno>2 :  S-tolnqvlDOiM 

C,H,{C;H,)(XHC,H,)0,. 
Two  taonient  of  m.p.  144°-145**  (Hagcu  and 
Zineke.  Ber.  1883,  16,  1S59)  and  m.p.  148** 
(•N'Tirjr.,  ill  |M-it;..n  j  "r  ni,  Jacobaon,  Annalen. 
1895,  287,  161)  are  kiiowi. 

AiilUiM»-2 :  MalOfiiliioiiaphenylimlne 
0,H,(CH,)(NFir,H;H':XfJl,}0. 
m.p.  151**  (0.  lischer  and  Hepp,  Auualen,  1890, 
260,  268). 

O'Nltroanilino  ^ :  5-toIuquinone 

C,H,(CH,j(KHC,H4^'0,)0„ 
decomposes  at  200*  (Leicester,  Ber.  1890,  23, 
2796}.   Yields  quhumephcnotohicine 
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and  derivatives  (Jaoobsoa,  Annalen,  1^5,  287, 
102.  lf>S;  Leicester,  Ber.  1890.  23,  271K5  ; 
Bornstein,  ibid.  1901,  34,  1274,  4348;  compare 
Parkin,  Ber.  1880. 13. 1874). 

Diethyl  digIyciDo-2 :  s-toluqulnone,  m.p.  162**. 
From  ethyl  gljcinc  and  toluquinonc  in  alcoholic 
solution  (EL  Fueher  and  Sohnder,  B«r.  ieiO»  43, 
626). 

Dlanillno  -  jp  -  loluq  uinone 

C«H((3H,MKHC«H,),0,. 

From  aniline  and  toluquinone  in  alcoholic  i-oln- 
tion,  m.p.  232'*-233''  (Hagen  ami  Zinc  k» .  r. 
1883,  16,  1559).  Phenvlivauc,  lu.p.  107* 
(Hagen  and  Zinokc)  or  ITi^-nS"  (O.  Fiaoher 
and  ilep|),  Btr.  1888,  21,  078). 
DitohlMinotoIuqulnones 

C,H(CH,)(NHr;H,),02 

and  deriTBtiree  (0.  Fischer  and  Hcpp,  iHd. 
1888,  21,  679;  Annalen,  1890,  266,  269;  1891, 

262,  251). 

3-  Hydroxy-2 : 5-toIuquInone 

C,H,(CHj)(OH)0-. 
The  2-oxime  is  idi-ntioal  with  nitio.-oorcinol. 
Red  prisms  giving  a  yellow  modification  on 
heating,  transition  point  128*.   Piowibly  the 

two  modificatioTi.s  arc  kttonic  and  cnolic  forms 
(Honrieh.  Monatsh.  1897,  JS.  142;  Ber.  1897, 
29,  98!t:  Zeitseh.  physikal.  Chem.  1897,  24. 
1S7  ;  I'arrner  and  Hantz.sch,  Ber.  1890,  ^1, 
3108;  Httirtswch  and  Sluiter,  ibid.  1900,  39, 
162). 

4-  Hydroxy-2 : 5-(oluqulnone.  m.p.  142".  By 

oxidation   of   2:4: 5-trihydroxytolueno  with 


ferric  chloride.    Ac'ltjl-  dirim' 


*-76" 


(Thiclo  and  Winter,  Annalen,  1900,  311,  360/. 
Halogen-  deritfnttves  (Spica  andllagnanini.  Oaiz. 

rhiin.  jtal.  ISSM.  13,312:  Hontich,  TaubeH and 

Bu  kncr,  Bei  .  1912,  45,  303). 

AnUlnohydroxy-2 : 5-toluqulDone  dccompogcs 

at 250*,  its pAcwy/imjn« ,•  methyl  dhtr.  m.p.  131**; 
ethyl  elher,  m.p.  115*-116'*;  and  t^ohvtyl  tth&r, 
m.p.  117**.  have  been  prepared  (Hag^n  and 
Zineke,  Ber.  1883,  16,  1560). 

Ethoxy-2 : 6-toluquinone  is  known  as  the 
li.lol(/Uuiinf,  m.p.  70*  (Jacobson  and  Piepcn- 
brink,  Ber.  1894,  27,  2710). 

3 : 6-lMhydroxy-2 :  MolvqnlnoiM 
C,H(CaH3)(0H),0,. 
m.p.  177*.    From  aniliiiohydroxj'tohiquinonc- 
pheiivlimino  and  dilute  aqueous  potash  (Hagen 
and  Z  11  I     Ber.  1883.  Ki.  lot>_>). 

€hloiO(Uli]rdro^r-2 : 5-toluquinone  (Knapp 
and  SohultB,  Annalen,  1881,  210,  177;  Lew 
and  Bid:  I,     (/.  J889,  24->.  tilTi. 

Dichiorodihy  droxytoluquinone  ( Bra eu n  mgcr, 
Annalen,  1877,  185,  354). 

4-Nltro-3  :  C - dIhydroxy-2  :  .'^-toluquinone 
[lolunitranilic  m:id),  Ce(CH,)(2vUsKUiI)iOj. 
i  From  the  potasfsium  salt  which  is  obtained  by 
1  the  action  of  potas.sium  nitrite  on  trichlorotolu- 
quiuone.  Melts  and  decomposes  at  180*  (Kehr- 
(  mann  and  Brasch,  J.  pr.  Caiem.  1889,  ii.  39, 
I  378). 

Trihydroxy-2 :  B-tohiqiilnooa 

U,(CH,)(OH),0,. 


By  action  of  hydro<  hlurio  acid  on  aminodiimino- 
\N,/''  *  J  orciiiol  hydrochloride.  Triucctyl  derivative  {Mi:rz 

with  alooholie  ammonium  sulphide  at  100*        i  and  Zettcr,  Ber.  1879, 12,  2044). 
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Tolnene-dlqnlnone  C,H(CH,)04.  Snoim  m 
iri'  and  tctra-oximet.  The  former. 

CH,  UI, 

0  ^ioH 

m.p.  is  ofaiained  !»y  the  Mtion  of 

hydroxylamino  hydrochloride  on  dinitroso- 
methvlpbloroglucinol  (Weidel  and  PuUak, 
Honatsh.  1900,  21,  58). 

Ethyl-p-benioqulnone  CJTi{f ,115)0.,  from 
ethvl  indopbenol ;  m.p.  TiS  2°  (Bayruc,  Bull. 
Soc.  chim.  IH'M,  iii.  II.  1  !  in  . 

2-Ethyl  -3:5:0-  tribrotno  -  p  •  benxoquinone, 
m.p.  118^-120®  (Ziucke,  Ber.  1901,  34,  2^). 

I :  S>DlllNll«yl-4 : 5-beiizoqullHIW 
0,H,(CH3),0,. 
^  ozidisiag  6-amino-4-hydroxy-l  :  2-xylcnc  iii 
duateBol^Miiicaoid  >vith  potoasiuni  dicliromate. 
Red  crystals,  m.p.  102" ;  far  more  stable  than 
o-bcnzoquinono  (Dicpoldcr,  Bcr.  1909,  42,  2921). 
Dichlorodiiminc  CgH  .(CH  J  .(rNCljj,  cxplodea  at 

(Noeltisg  and  Thcsmar,'  Ber.  1902, 36,  043). 

1 : 3-lNiiiidiyM :  5-lwilioqillMiM.  The  dt- 
oxime  C,H,(CH,),(:NOK)..  m.p.  142^  is  ob- 
tained by  reducing  tlinitroi<»xylcne  with  hj'droxj'l- 
•mine  (Zinoke  and  Schwarz,  Arnialen,  1899.  307, 

48)  :  nnfiv'lri^o.  rrfl^/f-  r;rf,ira:n^'e,  m.p.  60°. 
2:0-  Dichioro  i  :  .i  -  dimethyl  -4:5-  i>eiiio- 

qulnone.  m.pu  108*  (AMioke,  AiuudeD,  1807» 
296.  206). 

1 : 2. Dimethyl -3:6. bMHoqilllMM  {o-xylo- 
quinone)^  m.p.  55*  (Noclting  and  Forcl,  Bcr. 
1885.  18,  2673);  dichlorodtimtne,  m.p.  lOQ-b"* 
(NoeUing  and  Thesmar.  ibid.  1902,  3S,  649). 

4:5-  Dichioro  1  :  3-dlmethyl-4  :  5-benzo- 
quinone,  m.p.  159°  (Claus  and  Bcrkefeld,  J.  pr. 
Chem.  1891,  li.  43,  584). 

1 : 3-DtmethyI-4 : 5-benzoqaliione,  m.p.  72**- 

73*  (Noeltinj?  and  Baumann  and  ForeJ,  Ber. 
1885,  18,  1151,  2079).  Dichlorodiimine,  m.p. 
112*  (Noeltiog  auU  Thesmar);  halogeH;  hy- 
drory-deritaiive^,  fto.  (Fittig  and  Siepermann, 
Annalen,  iSTfi.  ISO.  27:  Jacobscn.  tbid.  1S79, 
195,  271  ,  (  liiu-^  and  Kunschke,  J.  pr.  Chera. 
1890,  ii,  42,  121;  Klaees,  Bcr.  1896.  29,  314; 
Bninnmayd,  Monateh.  1900,  21,  9;  Boae,  Md, 
1027). 

I  :  4'Dfmethyl-2  :  5-benzoqiUnone  (p-rylo- 
quimoM  or  pkhron^.),  C«|I«(CHa)tOs*  been 
obtained  from  the  higher  homobgnee  of  plienol 

contnitK-d  in  coal-tar  (Rommicr  and  Bniiilhon, 
Jahrcsb.  1862,  322 ;  (jarstanjcn,  J.  pr.  Chcm. 
1881,  ii.  23,  423)  and  beeoh-tar  (Rad,  Annalen, 
I8W.  151,  15S)  by  distillalion  with  mnn^^nrirsf 
dioxide  and  «iilutc  sulphuric  acid.  Alto  by 
oxidising  diamino-p- xylene  (Nietrki,  ibid.  1882, 
215.  108);  p-x>'lidinc  (Carstanjen ;  Noelting, 
Wilt  and  Forcl,  Ber.  1885,  18,  2667);  and 
pKoudocumidine  (Noelting  and  Bouniaiin.  ihiJ. 
1(^85,  18,  llGl).  Syntheeised  by  warming 
butane^ione  (diaeetyl)  with  extme  of  dilute 
caii>(ic  sudn  solution  (v.  prcli niaiin.  ihid,  188K, 
21,  1-12U),  in.p.  125°;  Irii  linu-  j.Vluthmann, 
Jahresb.  1889,  163 1).  DkliloTiAiiminc,  m.p. 
137*  (Noelting  and  Xbe»mar,  Ber.  1902,  35, 

049)  .  Indophenol 

0:C,H,(CH,),:NC«H«<N(CH,)», 
tii.p^  12ft*-m*  (Bayiao,  BuIL  Soo.  ehim.  1894, 


iii.  11,  1134;  Du/et,  Ann.  (  liim.  Phv.<.  1897, 
Tii.  10,  fi8).  Mottooxitne  U,H,(CH,),(:liOU)0, 
ideatieal  vith  nitroso-p-xy  Icnol,  long  red  needlea, 
m.p.  16,'>*  (Oliveri.  Cazz.  chim.  ital.  18S2.  12. 
162 ;  H.  Ck>ldscbmidt  and  Schmid,  Bor.  1885, 
18,  fi68;  8alkO¥«kt,  Und.  1887.  20.  978;  Pflug, 
Annalen.  1SS9.  255.  174).  Dinxime.  m.p.  264" 
(Sutkowski,  Bcr.  I8i>7,  20,  078  ;  Piiug) ;  diacetyl- 
(fan'mt^,  m.p.  170*. 

Halogen  derivatives  of  phlorone;  ste  Car- 
stanjen,  Kad,  Auwers  and  Baum  (Ber.  1890.  29, 
2341):  Auwers  and  SluMon  (Annalen.  lS!i8, 
301,  270);  Auwers  and  Kapp  {ibid.  1898.  302, 
165) ;  Anwen  and  8igci  (Ber.  1902,  85,  436) ; 
[Vi  li  I  T  i,-hid.  2303). 

Dlhydroxy-p-xyloquinoDe  C,(CH,),(0H}20,. 
By  oondensation  ot  ethyl  oxialate  and  pro- 
pionate with  .HixUnin;  m.p.  245".  Di-acdyl 
amivative,  m.p.  HO-S**  (Fichter  and  Willmann, 
Bcr.  1904,  37,  2384;  Annalen,  1908,  361,  363). 

DianUiiio-p-xyloqiiinoiie,  ni.p.  264*  (Fflng, 
Annalen,  1889,  255,  171). 

1:2:  l-Trlmetbyl-5 :  6-benzoquinone.  The 
fnoAocA^ro*  derivative  C«Cl(OU»)aOt  obtained 
from  trlmethyloMorooateehol,  m.p.  96*-97* 
(Hode-.,  Annalen,  1897,  296.  218). 

1  •  Propyl  -2:5-  benzoquinone.  Metiuaoy- 
derimtive  C,H,(0CH,)(C,H,)0„  m.p.  IIP,  bv 
reducing  an  alcoholic  solution  "f  nsarone  with 
sodium  (Cianiician  and  StHK-r.  Bt-r.  1890,  23, 
2294). 

J-liopropyl-2 : 5- benzoquinone 

C,H,[CH(CH,),]0,. 
m.p.  28-4*  (Bayrac,  Bull.  Sdc.  chim.  1895.  iii. 
13,  flS4).    Dorivativos  (HnlTmann,  Btr.  1901, 
34,  looU  ;  Boters,  ibid.  1902.  35.  1605), 
l-IItlhyl-l-ethyl-2 :  5benzoqaiiu>M 

rj{,(cH,)(C,7r,K),. 

m.p.  55-3**,  and  dimfthylamtnophtnylimine,  m.p. 
77^  (Bayrac,  Bull.  Soc.  chim.  1895,  iit.  13.  897). 

1:2:  t  Trfmethyl-3  :  O-benzoquinone  (mmo- 
quinonr).  m.p.  1 1*  (Xoelting  and  iiaumaim,  Bor. 
1888.  Is,  1152;  Nietaki  and  Schneider,  Ber. 
1894,  27,  1430).  Oxime,  m.p.  184*;  5-chloro- 
derif'nthv.  m.p.  72*-73*  ;  5^'ni(rr>-  dfrixyititr,  m.p. 
ll.T-^  ■  \^  I    .\i:iril.  I,.  1887.  ■2.'!7,  IT'-, 

1-Metbyl  i-propyI-2 :  5-benzoqumoQe 

C,H,(C:H3)iC,U,)0„ 

m.p.  18^  (Bayrac,  Bull.  Soc.  ehim.  1895,  iii,  13, 
T>7!n.    Dihromo-  dirivitiir,  m.p.  30*  (Claua  and 
Hcricidt,  J.  pr.  Chem.  1891,  ii.  43,  579). 
MltCliyl-2-ll0pf0iyl>3 : 6.feMM4nl]IOM 

C,Hj;CHJ[CH(CH,),lO„ 

m.p.  40*  (Clans  and  Bapa,  J.  pr.  Chem.  1891,  ii. 

43,  576). 

1-MethyI  n  isopropyl  2  :  5  bWMHIlllMHW,  ni.p. 

32*  (Claua  and  Herfeldt,  I.e.). 

ThymoqalMm  €,Hj((^,)(*-C,Ht)0,.  m.p. 

45*5*.  hfts  Ik  <  ?i  found  in  llu-  oil  of  wihl  IxTKaniot, 
Monardia  jlMulom  (Brundel  and  Kn-mors, 
I'liarm.  Review,  UK)I,  19,  200,  244).  Obtaitud 
troin  ihvmol  (Lullenmnd,  Jahresh.  1854,  592}  : 
c>mupiit?nol  C,H,a'H3)(( '3H-)(()H )  (("^irstanjon. 
.1.  pr.  (-hem.  1877.  ii.  15.  41(»)  nnd  dithvniolr- 
thane  ("H,  CH(t  ,,H,,OH),  (ijteiner,  Ber.  1878. 
11,  2S9)  by  dtstilliiition  with  manganeee  dioxide 
and  diliit"  ^ulplnnir  acid,  or  by  the  (jxidation 
of  aminoihymol  ( .\ii*inrien.  J.  j»r.  Chciu.  18K|, 
ii.  S3,  172;  Arui.Htrony,  Bcr.  IH77,  10.  297; 
Liebermann  and  llinski,  ibid.  1885,  18.  3 J  94). 


Digitized  by  Google 


OH 


QUINONEEL 


B\-  tlir  hy(ln>l\sis  of  tin-  indopbcnol  from 
Uimethyl-ji-plieDylcnediainine  and  thymol  (Bay- 
no,  BttIL  Soc.  ohim.  1S92»  iii.  7,  99) ;  by  oxida- 
tion of  rnrvarrnl  with  rhromio  acid  niixfiin 
(lleychU'r,  Bull.  fSor.  chiin.  1892,  iii.  7.  32) ;  «m! 
byoziclation  of  thymohydroquinone  with  bt-nzo- 
quinone  (Biltris,  Bull.  Acad.  roy.  Beige.  1898, 
iii.  3.*),  44;  Valcur,  Ann.  Chim.  Phvs.  1900,  vii. 
21,  553):  m.p.  45-5";  b.p.  232";  heat  of  com- 
bustion 1274.<i  cal,  (Valeur,  C'ompt.  rend.  1897, 
125,  872).  For  other  properties  and  reactions, 
Me  Lu  lM  rjriaiin  I  BtT.  IsS").  18,  3l!<n),  Cianiician 
and  Silbcr  (Heal.  Accad.  d.  Ijnc.  1901,  v.  10,  i. 
96),  Jaclnon  and  OeiuUger  (Amer.  Chem.  3. 
I89fl.  IS,  2«i).  BiltriH  ((.c),  Val.  iir  (I.e.). 

ThN'moquinone  gives  hUhymoqutnone,  a  poly- 
mer of iiLp.  200°-20 1^  when  ite  etherMl  solntion 
is  exposed  to  I'rAil ;  it  is  largely  rcconvcrtcrl  into 
thymoquinone  oa  dittlillatiuu  {Liebcriuajm  and 
Ilinski,  Ber.  1885,  18,  3195),  and  gives  an  oxime, 
m.p.  264°  and  dioxime,  nup,  280%  difieiing  from 
thoae  of  thymoquinone. 

Two  tJi  t/niO'pti  )inn(  il  inn  ih  i/laminopJif  )i  i/liiniti  > 

0:C.H,(CH,)(C,H,):N  CJi4N(eH.,),  an  kmmn, 
(i.)  trom  thymol  and  wmethyi-yj  jjlicnyli  nedi- ' 
amine  (N  =  5).  melts  al  HO  5"  ;  (n.)  from  carvacrol 
(N=2)  at  87*'-88''  (iiayruc,  BuU.  Soc.  chim. 
1892.  iii.  7,  97;  1894.  iii.  11,  1136j  Dtifet, 
Zeitsch.  Krv.t.  1897,  27.  631). 
Thymoquinone-chiorotmine 

C,H,(CH,)(q,H,)(OKHGI)  , 
explodes  at  160°~170*  (Andi«wn»  J.  pr.  Chem. 

1881,  ii.  23,  169).  I 
Thffmoqu  •  none  -  2  ■  ori  me 

C,H,(CH3)(C,H,)(0){:N0H) 
identical  with  nitrosothymol.  m.p.  100^-162°  i 
(R.  Schiff,  Ber.  1875^  8, 1000 ;  Goldsobmidt  and  I 
.Schmied,  ibid.  1884,  17,  2061  ;  Liffiprmnnn  hh.I 
Ilifi»ki,  ibid.  1885,  18.  3194:   \\  i(luianii,  ibtd. 

1882,  16,  171;  Lieberniann,  ib<d.  1877,  10,  78; 
Sutkow.ski,  ibid.  1886,  19,  2316  ;  PUncher,  (Jazz, 
chim.  ital.  1895,  25,  ii.  385;  OUveri-Tortorioi, 
ibid.  1897,  27,  ii.  680 ;  Valeur,  Bull.  Soe,  chim.  " 
lb98.  iii.  19,  510;  Kia^,  Iter.  1899,  32.  1618). 

Thymoqninont-S-oxtmet  identical  inth  ni- 
troso-carvat.  rol,  m.p.  153**  (Maz/.ara  and  I'lan- 
cher,  Gazs.  chim.  ital.  1891,  21,  ii.  156 ;  Fatenio 
and  Oansmeri,  Ber.  1879,  12,  383 ;  Pkncher. 
Gazz.  chim.  itnl.  1895.  25.  ii.  301  ;  Klages,  Ber. 
1899,  32.  1518).  3-Chiori.  ihr.tativt,  m.p.  157°- 
158°  (Olivt  ri  Ti  riorici,  Gn//..  duiu.  iial.  1897, 
27,  ii.  682 ;  Kchrmann.  Kiiigcr  and  Schon. 
Annalen.  1900,  310,  95,  108;  Strocjico,  Zcilsch. 
Kryst.  1899,  30.  75). 

Thymoquinone-dioxim  e 

C.lI,(CH,){t;,H,)(:NOH)j 
has  been  obtained  from  nitn>sothyniol  (Kehr- 
mann  and  Mcswinger,  B<'r.  iHfH),  23,  3")r»8)  or 
iiitrosocarvaerol  and  hydroxvlamine  (Oliveri- 
Tortorioi,  Gazz.  chim.  ital.  1900,  .30,  i,  634), 
Does  not  melt ;  decomposes  *t  255®  (Kchrmann 
and  Meiwingt  r)  or  at  288*  (Oliveri-Tortorici). 
.h  '  l!/!-<li  nttitrvc  (Bohm.  Ber.  1S(»5,  28.  1547); 
and  diacelt/l-drrivativ€,  tyso  moditioations,  each 
melting  at  110**. 

NiiiiK  rous  halo(,-  II .  '-i^f  ;/f'ifnino-, Hnilino-,  ^c, 
dcriviiiats  of  thyiuuiiUiiiune  have  been  pre- 
pared ;  for  literature,  fire  Andre^^cr  (.1.  pr.  Chem. 
1881.  ii.  23.  178);  Schnitcr  (B<r.  18S7,  2l». 
1317);  Caxstaujen  (J.  pr.  Chem.  1871,  ii.  3, 
08) ;  Maszaca  and  DiscaJio  (Gacx.  ohim.  ital. 


1880.  in.   197);    Kehnimnn  (B.  r.   ISSf*.  2i\ 
,  324>4 ;  J.  pr.  Chem.  I8ii9,  ii.  39,  394 ;  1889,  ii. 
40, 188) ;  Zinoke  (Ber.  1881,  !«,  94) ;  H.  Schuh 

{itiif.  1H83,  10.  900);  Anschiitz  an-l  Txather 
lAnualrn.  1887.  237.  115);  Lttdi-nburfj  <Ber. 
1877.  10,  49.  1220) ;  Lieberniann  (ibid.  1877,  10, 
79.  613);  Mizzara  (ibid.  1890,  23,  1392); 
Ko\vaIi<ki  {tend.  1892,  25,  1661  j ;  Kehrmann  and 
Kruter  (Annalen,  1900,  310,  89);  Stroesoo 
(Zeitsch.  Krvst.  1899,  30,  75);  Hoffmann  (Ber. 
1901.  31,  1568) ;  BoUrs  (ibid.  1902,  35.  l.WS). 

Dihydroxythymoqolnone,  m.p.  220°-221'*. 
Diactiatt,  m.p.  81" ;  DibenzoaU,  m.p.  163**. 

1 :  4>Dto0iyl  •  S :  6  -  dOiydroKsr  -  2 : 6  >  bonzo* 

quinone,  m.p.  217''-218*.  fHacctalf,  ni.p.  ISO**; 
aibcnzoate,  m.p.  201"  (Fichtcr,  Annalen,  1908, 
361,363). 

Tetramethyl-j)-benzoquinone  or  duroqulnone 

C(5(CH;,)4(i...  is  ol)tained  by  the  oxi'laiion  of 
tiiaiiiitiiKiiirene  with  ferric  chloride  (Nef,  Anna- 
len, 1887,  237,  6).  For  a  cx>nvenient  method  of 
preparation,  starting  with  pscudo-cumene  and 
con  \ crt  ing  this  by  the  Fri<  <l(  l-Cral  t  -  rf  iK  ticn 
into  durcne,  see  Rugheimer  and  Uankcl  (Ber. 
1896,  29,  2172).  Also  obtained  from  pentane- 
2  :  3-dioTio  fv*  n  P.  rhn  ann,  ibid.  1888,  21,  1420) 
ami  3.  H-dichlorot)eniane-2-one  (Faworsky,  J.  pr. 
Chem.  1895,  ii.  81.  838),  m.p.  111*.  Yiefds 
biduroquinone, 

CTI.  C  CO  C  CHj  C  (0H)  C(CH3) :  C  CH, 

II         I  I 
CH3  C  CO  C  CH,  C(CH,) :  C(CH3)  C0 

m.p.  202°-203*',  on  standing  with  alcoholic 
potash  (Rfigheimer  and  Hankel,  I.e.);  various 

clerivtttivrs  of  the  polymer  have  been  11  "\   1  1 

1 : 4-Di-isopropyI  3 :  6-dihydroxy-2  :  u-benzo- 
^m.p.  184^   i>i<Mse(ale,  m.p.  137*6*;  A*. 
benzoaic,  m.p,  220''. 

1  :  4-Di  /I  butyl  3  :  0  dihydroxy    :  5-benzo- 
qnlnone.  m.p.  176" ;  diacetate,  m.p.  60" (Hohter). 
Ill>t«rtiAry-butyl-7>-benzoquinone 
C,H^C(CH,),].0. 
from  quinol  and  tertiat^  botyl  chloride  in 

presence  of  feiTJC  chloride,  m.p.  160^-l6l* 
fdarewiti'th.  Ber.  18!>9,  32.  2427). 

I  :  4-IH-bobutyl  -3:6-  dihydroxy-2 :  S-bwito- 
quinone,  m.p,  217''-218''.  T?y  c  ,  ndf  nsation  of 
ethyl  i»oca]»roale  and  <'tliyl  i«xalatu  by  .sodium 
(Fichter,  .let/er  and  lx>epin,  Annalen.  1913, 
396,  2).    Diaceiyl  derivative,  m.p.  IIS'S". 

Dl-isoamyl-p-benzoqulnone 

C,H,[CH,CH,'CH<CH,)J,0. 

from  <!iit>oan)vlquinol.  m.p.  140*  {KSnigS  And 
Mai,  Ber.  1S92,  25.  2653). 

1 :  4*IH*n-pentyl  -3:6-  dihydroxy-2 : 5-benzo- 

qilJnMltt,m.l).  Ifit".   rHfirHi/f.  drrimtiir,  m.p.  74°. 

1:4*  Dl-n-hexyl  -3:6-  dihydroxy-  2 :  5beiizo- 
quinoiw,  m.p.  164**.  JXtteetyl-  daivoHve,  m.p. 
68". 

1 :4  >]M-n.li«plyl*3 : 6-41hydroxy-2 : 6  -  benzc 
quinoiM,  m.pk  145^  Diacetyl- derivative^  m,p, 

77  6". 

1 : 4-Dt  •  n  •  oetyl  -3:6-  dlhydiosy*2 : 8-taiiio- 
quinone,  m.p,  141*  (fIchter,  JetsEer  And  Leepin, 

ioc.cil.), 

{PipHzaJioic  ocmI), 
OH  O 


C.H 


ir 


\ 
O 


"^cHiCHnr,, 
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Discoveivd  by  Rio  de  U  Low  in  the  Mezioan  | 

clr\it;  Rad  del  PipUz'ihnac  or  Radix   Perrziae  ;  . 
m.p.  104^.    Viclds  antUno-  antl  hydroxy-  de- 
rivoUtm  (Weld,  Ann»len.  1856.  95.  188;  Ai^ 
SOfaatz,  Ber.  18S5.  18.  709;  Annalon,  1887,  2X7. 
90;  Fichter,  Jetwr  and   Leepin,  ibid.  k'Jl'd, 
396^  15).  I 

Phenyl-p-benzoquinone  C,H,(C,H.)02  la  ob- 
tained  by  oxi<iation  of  5-amino-2-hydroxy» 
diphcnyl  with  chn^mic  arid  nil\i  i  (B<>r>che, 
Ber.  1899.  32.  2937;  Aanalon,  1^  312,  22U; 
Hill  and  Hale,  Ber.  1900. 99. 1242) :  m.p.  112^- 
nn*.  SVvrral  (Icriviitives  arc  known;  Aee  also 
Jackson  and  KocJi  (Anicr.  ('hem.  J.  1901,  26, 
23).  Phenylbtnxfjquinone  is  i.^omeric  with 
diphpnoqr  "i       0  :  (\}\ ,  r  <   H.  :  (1  ' n'de  in/ro)- 

1 :  3-Diptieiiyl  2  :o-beDzoqumone 

C,H,(CjH4)jOi, 

in.p,  137M9S*  (Bowehe,  Ber.  1899,  32,  2938 : 

Annaltni.  1900,  ^12.  2^0);  m.p.  K?.5°-l:?6'' 
(coiT.)  (Hill,  Amtr.  Ciu  ui.  .1.  lliUU,  24.  8;  Hill 
lind  Soch,  Ber.  1900.  33.  1241).  The  momxime 
and  its  benzoyl  derivative  have  been  prepared, 
w  biLtt  4-anilino- 1 : 3-diphenylbonfO-2 : 5-qumono 
m.p.  lt>7'',  is  formed  when  the  quinone  ia 
boUed  witli  aniliae. 

1 : 4-Diphenyl>2 :  ff-lMm«MHlllwHff 

m.p.  214**.  By  alkaline  condenHation  of  methvl- 
phenyldiketone.  Orange  yellow  leaflets  (MiiUer 
and  von  Ftohmann,  Ber.  1889,  22,  2131). 

Diph<nyl(lihy(lrnX3-/;-lM'ir/.oquiri<)iu-  ami  J)i- 
betuiyldihydroxy-«-bon»oquinone  (Fichter,  An- 
iMlen,  1908.361,  363). 

1 :  4*1NbenzhydTvI  2 : 5-benzoqvillOM 

By  coudeusation  of  benzoquin<;iie  wiili 
hvdtol,  m.p.  250**  (indef.)  (Mohlaxi,  B<>r 

31.  2:?.")!  :  Mohlan  and  Klopf.  r.  (hid.  1899,  32, 
2147).    Tiiu  octaimlhyiUlraaiiiiiio-  dtrivative 

C.H,LCHil',n,.N(CH3),},1, 

is  obtained  by  warming  bcnzoquinone  with 
Michler's  hydiol  for  6  hours  in  alcoholic  solution ; 
m.p.  245«. 

Other  substituted   lienzoquinonea  arc  <d)- 
tttined  by  the  action  of  substance.s  of  the  Indole 
series  on  quiuone.    Thus  o-methylindolo 
as  follows : 

/\- 

2C,H40,  -f 

^^\/ 
NH 

O 


t    n  ' 


:0 


:0 
:0 


O 


0 


^•0 


\/\/ 


o 

■  -./\ 
i   11  II 

mm 

0 

o 


o 


The  1  :  2-. 
been  preparctl 


1 : 4'.  and  2 :  G-quiuones  have 

 ^  _  ^  The  first  two  have  been  known 

for  a  long  period,  the  2  :  G  (juinone  was  oI>tain«  d 
by  WillBtiitter  and  Pamas  (Ber.  1907,  40,  140tj, 
9971).  See  »Ttiel«  on  NAiBTiiAumB. 

QriKONES  C„H,„  i.Oj. 

PhenylqalnoiM  C,U,(C\H«)0,  is  dealt  with 
caxUer  in  thii  artUde. 

QUINONES  C„H2„_i^02. 

AMiiaplltlienequinone  CiaU«0,.  or 

CO-CO 

m.p.  262*'-263». 

This  c()m]K)mid  is  not  strictly  n  qiiinonr,  the 
I  two  carbonyl  groui)H  being  situated  in  a  ii-nieui- 
i  bered  ring.*  It  hat  hf-.vn  prepared  by  oxidation 
of  acenaphthene  Ci,Hjo  wth  chromic  acid 


Lenz- 
1898. 


CH 

,C-CH, 


\ 


C—  


C-UH, 


V 


ji-f  C,H,(OH). 


e.o.  a-in(thylindyl  \>  hfnzoqu%nonc,  m.p.  185". 
^-mf.thyl  •  a  •  meViylindyl  -  p  -  baiz(H}uin<»te,  m.p. 
Iti0°;  a-phenylindyl-p-hfvzo(fyi)if,ii-,  m.]i.  2(»."»°, 
and  other  Hiibstanccs.  Tctrahydroquinoliuc  ali*u 
reacts,  giving  C,H,(C(,H,oN*),Oa.  m.p.  189* 
(llohlan  and  fiedlich.  Ber.  1911.  44,  3606). 

QrixovKs  f'..H,„  ,,0^. 

Maphthaquinones.  ^ix  naphthaquinuncs  are 
pOMible 


mixture,  &c. ;  the  yields  are  not,  however,  good 
(Graebe,  Ber.  1«"h7.  20,  659;  iMuele  and 
CAcWvr,  ibid.  1892.  20.  654;  Annaleu,  18U3, 
270.  J).  Better  results  have  been  obtained  by 
hydrolysing  thi-  iiionooxinu'  obtained  by  the 
action  of  alkyl  nitrites  on  acenaphthene. 

When  four  molecular  proportions  of  amyl 
nltrit.-  aro  added  to  a  boding. solution  of  acenaph- 
ihcao  wluLst  a  stream  of  hydrogen  chloride  is 
parsed  in,  two  isomeric  acenaphthencquinone- 
C,,H,(:NOH)0  are  produoed.  Theuo 
amy  be  separated  by  difference  of  acidity,  one 
"^^^^^  !  being  insoluble  in  hot  so<lium  earboiuit*-  '•uhi- 
'  tion.   When  this  is  rapidly  crystallised  from 
1  glacial  acetic  acid,  smidl  pale  yellow  crystals 
!  which  decompose  at  207°  are  tihtained.    If  the 
i  boiling  with  acetic  acid  be  continued  some  tirne, 
I  water  precipitates  the  oxime  of  in.p.  239',  which 
can  b<  ohtainetl  from  acenaphthenequinone  and 
I  hydroxy lamino    (Krancesconi    and  PiraiKoli, 
Gazz.  chim.  ital.  1903,  33,  i.  42). 

To  prepare  acenaphthene  quinone.  the  oxime 
of  higher  m.p.  is  di&^lved  in  7  times  its  M'eight 
nf  76  p.c.  sulphuric  aeiil  aii<l  heated  for  1  hour 
on  the  water-bath.  Water  is  adfled.  the 
quinone  (Htered  off,  difrestetl  for  some  time  with 
w  ariti  dihife  t  austic  <ni]a  and  recrv.stnlliijcd  from 
crlncial  acetic  acid  (Kalle  and  Co.,  1).  R.  P. 
228698,  1909;  Rciasert.  Ber.  1911,  44,  1749). 
For  the  oxime,  m.p.  220*  is  given. 

Acenaplithene  quinone  yields  a  compound 
C,,H^C,H5),0  (diphenylucenaphthenonej  with 
'  benzene  and  aluminium  chloride  (Zsuffa,  Ber. 

1910.  4.'K  2915);  on  reduction  eompoiiiul.s  of 
I  m.p.  248*  and  264*  aio  produced  (KaIIc  and  Co.. 
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QUIKONES. 
1909)  to  vhidi  the  oon> 


C{OH)CO 
I  I 


HO  C    C  OH 


And 


I  I 

u; 

have  been  assigned. 

Aconaphthencquinone  condrnses  with  eub- 
«tan(H'H  containing  a  reaciivA  methylene  group. 
Vat  (lyc.-t ufTs  mav  be  prnrlnrcd  jn  thin  way. 

ijibii-«carkl  Q  or  Thtoindigo  scarki  G  is  ob- 
tained by  oondenMtkm  with  3'hydTox>-  (1)  thio- 
uftphihene 

/C(OH) 
(or  CH  ^ 


CO  /C0\ 


/C=O-C0 
=H,0+C,„H./  I    I  I 

CO  S— C.Hj 

or  by  heating  to  230*'-250''  with  phenylthiol- 
slyool•o^>arboX7lio  acid  (Easier  Cheraische 
Fabrik,  D.  R.  P.  205377,  I!»U7  ;  compare  Bczdzik 
and  Friedliinder,  Monatsh.  1908,  29,  376 ;  A. 
Grob,  Ber.  1908,  41,  3331).  The  aoenaphthene 
quinoiic  inay  1.*  r«  placed  by  dichloro:i< cnafili- 
thenone.  Thti  kUlowinc  patents  K^fer  to  unular 
considerations  (Easier  Chemischo  Fkbrik,  D.  R. 
PP.  I9f>340.  ]<H)7;  108510.  1907;  Qes.  ohem. 
Ind.  Basel.  1).  H.  PP.  210905,  1907  :  211696, 
1907  ;  212870,  1908  ;  21.3504,  1908). 

Ciba  scarlet  is  a  yellowish-red  powder,  sub- 
lime* on  heating,  gives  a  green  solution  in  con- 
centrated sulphuric  acid  and  is  precipitated  as 
red  flocks  by  addition  of  water.  It  is  used  as  a 
vat  dyestuli  (sodittm  hyposulphite  or  sodium 
•ulphide)  and  in  cotton  printing. 

COa  red  E  patU  (D.  K.  P.  213504)  is  a 
Inoiiinittted  <db»«Marlet  G;  iia  reactions  ar« 
similar  (Oiaadmoogin.  EUltajscher  Textit-BIatt. 
1911). 

By  th«  condeiuntion  of  aecmaphthene* 

quindne  with  AiLn,'i|ilitlif none,  nii  oranpc-red 
(Ivostuff,  probably  idejitical  with  the  *  biacena- 
phthylidonccbone '  of  Grncbo  and  Gfeller  (An- 
nalcn,  1893,  270,  17)  and  Graebo  and  Jeqaier 
[ibid.  1896,  290,  199),  is  obUined 

yOO  00 


,<:o  ax 


Th«  condensation  can  bo  eflfected  in  absolute 
alcoliulic  i.ilutii.n  null  .-odium  carbonate  or 
sodium  acetate  and  acetic  anhydride  may  bu 
UBed  (Ges.  ohem.  Ind.  Basel,  D.  R.  P.  212858, 
1908). 

18  i)art.s  of  acena]>htlienequinonc,  16-5  parts 
of  aoeiMphthenono  and  3  ])art#  of  fused  sodtnm 
acetate  are  heated  with  100  jwirts  of  acetic 
anhydride  to  boiling  under  rellux.  The  product 
separata's  as  orange-needles  which  are  OoUeoted 
after  cooling,  washed  and  dried. 

Aeenaphthenono  itself  may  be  cotjveniently 
pre|>aml  by  ;r.  aiiii_-  a-iiH]<hthylact'tyl  chloride 
in  uitrubeuxeiic  with  alumioiuiu  chloride  dis- 
solved in  the  same  eolTentiBadiaehe  Anilin-  tnid 
Soda-Fabrikp  D.  R,  P.  230237, 1909). 


Anthraquinone  C,«HsO,  and  it.s  derivfttiTM 

are  described  in  a  special  article  (q.v.). 

CH— c-co-<;o 

1 : 2-AlillinifialB0MC«H|<  1      ||  I 

XCH— C-CH-CH 
m.p.  about  180^  (with  decomposition)  has  been 
obtained  by  thi-  oxidation  of  l-annno-2-h\'droxv- 
anthraccne  ( l^igodxiuski,  Bcr.  1894,  27',  143S ; 
1895,  28,  1422), 

Phtmnthraquinone  and  its  derivatives  arc 
described  in  a  special  article  [v.  Phenan'thkkxe). 

Morphenolqulnone  0,411,04,  correspond.s  to 
morphenol  C,4H7(OH)0,  which  may  be  written 
constitutionally  as 


0--  OH  OH 
Voncericht<-n  (Ber.  190r>.  33.  352)  :    R.  hryver 
I  and  lices  (Chem.  Soc.  I  rnns.  71),  oiiS)' 

Morphenol  is  obtained  by  the  action  of 
I  alcoholic  notash  on  methvlmorphimethinc, 
I  acetylmorpnenol  when  oxidised  yields  a  quinonc 
j  which  furnishes  raorphenolquinonc  on  hj'dro- 
lysis.  Orange  aggregates  froiu  glacial  acetic 
,  add. 

IMMMqulnone  Ci,H|,N,  or 

C,H4  00 

C,Hj(CH,)(.-C,H,)  CO 
by  oxidation  of  retene  with  ehroiuie  acid 
(VVahlforss,  Zeitsch.  Chem.  1809,  73),  preferably 
in  acetic  acid  solution  (Bamberger  and  Hooker* 
Annalen,  1889,  229,  117).  Orange  needles,  m.p. 
1^17**- 197-5°.  Very  ca^iily  .suluble  in  boiling 
carbon  disulphidc ;  for  solubility  in  alcohol  «ee 
Ekstrand  {ibid.  1877.  188.  7S).  HoIecaUr  heat 
of  <  <inibusti(in  nt  constant  prcpsnrp,  2158*0  cal. 
(Viilour,  I5ull.  Soc.  rhini.  JN'Jb,  [m.J  19,514), 
Percfdorate  (Ci,H,,o.,u  J1C104  (Hofmann, 
Metzler  and  Lecher,  Ber.  1910,  43,  182).  Yields 
retene-ketono  ( l-methyl-4-methoethv  jtluore- 
n<wir)  on  heating  with  barium  hydroxide 
(Ekiitrand.  Und.  1884.  17,  692).  Shows  the 
usual  reactions  of  an  o-qtilnone  (asine  fonna^ 
tion,  fic.);  witli  Hi \ Ihydiazine-sulphonic  acids 
orauce-red  to  bluo-red  dyestutis  are  produced 
(A.-G.  Ohem.  Ihd.  Rheinau ;  D.  R.  P.  46746. 
\HHH).  /wf'nf,  m.p.  1UD°-J  11°  (Karnhf rper and 
Hookt-r);  ojcitnc,  m.p.  128-5°  (Ji.  and  H.). 

Monobromoretene-quinone  CicH,  jO^Er,  m.p. 
2I0°-212''  (WahJforss).  JMrornordcne-quinoM 
♦'isH.iOsBrj,  m.p.  250*-262*  (Bamberger  and 
Hooker). 

Diethylretenelndandlone  gives  a  quinone 
CjiHj^O*.  m.p.  193^-194*.  on  oxidation  (Freund 
and  Fleischer,  Annalen.  1910,  373, 291). 

QCINONKS  Z„H,„_2,0,. 

Fhioranthenequinone  Ci^HgOj,  m.p.  188^  by 
oxidation  vi  Huoranthene  with  chromic  acid 
mixturu :  small  red  needles  (Goldschmiedt,  Ber. 
1877,  10,  2029;  Fittig,  Gebhaid,  Lispmann, 
Annalen,  1878, 193,  149s  1880,  200, 9). 

QUIXONBS  C„H^„  J4O.. 

Diphenylbenzoquinone  CcH2(Cg11i)jOt.  Has 
been  described  previously. 
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OnnOMSS  G.Hte  '  <^^'^  /3  naphthoic  acids  (anthraqmnone  when 

^vwv«»»  >^  m  mm  wr  ^^^^  ^^^^  potash  gives  two  molecules  of 

Many  quinooes  CjgHioO.  are  pomble  and  y,^^^^  (Graebc  and  Liebermann,  Annalen, 
thfi  following  have  bem  obtaiued.  ^  [  jg^j   j^q  j29),  which  iwinta  to  the  formuU 

I  given  alwve  for  naphthaccncquinone.  The 
I  *^Moethylene(liphthaliilc  '  waa  found  to  contain 
!  tw(j  hvdroxyl  groups.  It  can  bo  foriiiul»t«l  iha 
I  a  dihydroxynaphthacene  quinono,  and  its  nro- 
i  duction  from  ethylene  dipbthalule  eipiMiiea  m 
the  following  manner* 


O 


Xvriilhacaiwqiibiooe. 

O 


o 


I 


1 : 8-riir>>ofiulnono. 


1 :  ^-Obtyaoqatnone. 

.  J 

K 

Naphthmithrmiitinone. 


+NaaO+NaOH 


ONa 


NaphtbMsenequlnone  C,gH,„C)„      a  para- 
quinone showing  considerable  analogy  to  ant  hrn- 
quinono :   it  i»  derived  from  a  pwcent  hjjrdro-  | 
carbon  iiaphtliacene  C„H„.  The  comtitiitkmal  | 
fonmtlte  of  theso  tuu  coniiK)iin<l.s  and  the  method  i 
of  numbering  the  positionn  in  the  naphthaccnc 
quinone  mofeoole  are  diown  below. 

CO 


,  N«0<X)\ 

H  \ 


ONa 


ONa 

C 


«NaOH+H«0+[ 


CO 


>5i 


ONa 

p«  -    -  Another  method  f  r  the  pfoduetion  of 

_   _  "     ,  navhthacencquinone    dtrivatives    wan  intro- 

Gabriel  and  M.chard  nultr.l  a  in.x  ure  o                >    ^.j^^    OOOdenHed  a-naphlh<d  u.th 

pbthahc  anhydrick-  .utx^mie  acid  «n«i  ["^^  phthalic  acid  in  pwewice  of  concentrated  8ul- 
Imodium  ao*tate  and  obtained etnyicDe (mjpntna-           ,,, .-i 

lide  (Bcr.  1877,  10,  1558)  P'*'"'"     '"■  (jq  qh 

<:o   cH.-c'O.H  x-uoH  ^  /\/\y\/\ 

-aC0,+2H,0+C,H.<>O       0<>C."4       NaphlhacenequlnoneC„H,oO,.  ByoxidiBinfr 

^"  ^  "         6  grms.  of  dihydronai.hthaceno  in  iU'.O  cc  of 

Boeer  examined  the  reaction  aiiU  found  that  oia0[4i  noetic  acid  with  9  grms.  of  chromic  acid 
an  MO'ethylene  diphthalide  was  formed  at  the  Jjiggoived  in  g  o.c.  of  irater  and  W  e.o.  of  glacial 
eame  lime  in  smnW  qnantitv  (Ber.  1884,  17,  acetic  atid.  Iahv^  vcHow  necfMr-,  m.p.  L'!'*" 
2774).  Gabriel  and  Uupold  improved  the  ((jabriel  and  Leupoici,  Ber.  1898,  31,  1277). 
method  for  obtaining  the  ethylene  phthalide  j  1 . ChlOTOIUiphthaceneqttlnone  CigHjClO,. 
{ibid.  18D8,  31,  1161)  and  also  examined  the  prf,,,^  livdroxN-naphthacene  quinone  and  pho«« 
action  of  sodium  roethoxide  on  ethylene  di-  phorus  "pentachloride,  m.p.  254*  (Orohardaon 
phthalide  which  had  been  previously  Ftndinl  by  Wei«mann,  Chem.  Soo.  TfeUU.  1906,  69, 

F.  Nathanson  (ibid.  1893,  26,  2682).  Mathaimon 

sUBpcnded  ethylene  phthalide  in  methyl  alcohol,  i      j  .  O-DieUOTOnaphthaeenequiDMn 

a<l<f«  <l  suciium  methoxide,  evnpnmtt d  t.fT  the  '  C  H  CI  0 

methyl  alcohol    added  hot   water,      i;*^^'^;^*!  |  p„„  jil,,,,,roxv,u^phthacen 
from  nndissolved  maltter  and  precjpitatetl  the   rroniuiu><u  awi  1 i  //•ii.rit.l 
tiltrnt,  with  hv.lrochloric  acid.    The*^subsUnco  ;  Phorui.  P«'i^"^J^^"""^^'  ?ft  ^ 

«c.  obumcd  gave  results  on  analysis  agreeing  and  I^upold.  Ber.  1898,  31,  12h. 
with  the  ozpMted  Mf^dilntohydrindeiie, 
CO  CO 

CO  CO 
Gabriel  and  T^eajwld  recoLnii><'d  that  Rosor'f? 
»«>v'thvlcne  diphthalide  was  also  turiutil  m  the 
reaction  (Ber.  1898,  31.  1272)  and  found  that  it  < 
contained  two  hvdroxyl  groups.    On  distillation  | 


Bramo-l-ehloronaphthaeeneqiiiiioiie 

Ci,H,ClBrUj, 
m.p.  180*  (Otdiaxdwm  and  Weizmann,  Ghera. 

Soc.  Trui  .  n>06,  89,  IID). 

Nitronapbthacenequinone  C,gii,(NOj)0,.  Bv 
nitration  of  naphthaceno  quinone,  m.p.  316 

(Galjri.  l  and  Ixupold.  Lr.  1278). 

Dinitronaphthacenequlnone  C\f,Tl»(X0j),0;. 

,         ,   .      ,      ^    V  '  M    ««H  p  M     ^'rom  dihvdronaphthacene  «id  nitric  acid,  m,pu 

With  zinc  dust,  hydrocarbons  C,,« u  and  Ci^Mi,        ^  .  ..  .  . 

were  obtnine<l.  The  latter  evidently  ctmtani.s  ,  ^*  i^Hydp;-  phtlliWIlWteOIie 
two  CHj.groupa,  8inc«?  on  oxidat loa  with  chromic        ^  nyaroxyn»pB»imrr™nrcii-™"w 


aoid,  a  quinone  C.^Il.oUi  in  produced.  Thie 
qnimmo  wlien  fiued  with  potaah  gives  bcnxolo 


C„H,<OH)0,. 
Prepared  by  iulimately  mixing  60  grniii.  of 
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pbthaiic  nci<l,  44  grms,  of  a-naphthol  and  60 
grms.  of  boric  acid,  then  adding  500  c.c.  of  97 
p.o.  aulphurio  acid  and  hi-ating  to  160°.  main- 
taming  the  tcmperaturo  for  about  1  hour  at 
IW^-Ifl6*  until  no  further  alteration  in  the  red 
eolouratioii  is  obMrve<i.  The  mixtcn-  in  jx>ured 
into  water,  the  precipitate  collected  and  dis* 
solved  in  a  boiling  10  p.o.  solution  of  caustic 
pota.sb  ;in<]  flic  ]>otaMillin  Bnlt,  which  ticj)arates 
on  cooimg.  <iis.sol\-ed  in  boiling  water  and  de- 
composed  by  hydrochloric  aoio.  Long  reddish* 
yellow  neinlles  from  nitrolM'nzene,  ra.p.  SOS". 

Acpti/l  derimtive  C, ,H,{0COCH,)0, (Dcichler 
and  \\  cizmann,  Ber.  IJK)3,  36,  660). 

G-CUoro-l-hydroxynaphthaoenaqtdnoiM 

C„H,C1(0H)0„ 
m.p.  290**-293*.   Aceiffl  dtrivoHvit  in.p.  270*- 

27n°  (Bentlev.  Fricdl,  Thoma.«»  and  Weiunann, 
Chem.  Soc.  trans.  1907,  91,  418). 

7 :  lo-Dlchloro-l-hydroxynaphthaeenequlnone 
Ci,H,(  l.(OH)0,  (Uanop  and  Weizmann,  ibid. 

1909,  9o.  283). 

7:8:9: 10-TetrachIoro  1  -hydroxynapthaeene- 
qnlnone  CitU»a«(OH)0,  (Uairop  and  Weir.- 


96.  287) 
hydroxynaphthaceni|iiiDOIlt 

c,,H,Hr(on)0,. 

By  bromiuating  1 -hydroxynaphthoylbenzoic 
acid  and  oondensing  M  ith  sulphuric  acid.  \\'ith 
phosphorus  pentachlorido  gives  chlurobromo- 
naphtbacenequinonc  of  m.p.  180"  (Orchard>on 
and  Wflixmann,  Ghem.  Soc.  Trans.  1900,  89, 
119). 

6-lfltro-I-li]ftfroxyiuipliUuM>eneqiiliMiie 

C„H,(NO,)(OH)0,. 
Hv  nitration  of  hvdroxvnaplithacene  quinone, 
ni.p.  27  >°  (Dcichler  and  \\  ciziuann,  Iter.  1903, 
3«t.  2.Sl'')i. 

Dinitro- 1 -hydroxynaphthacenequlBOiM 

C„H,(NO,),(OH)0„ 
m.p.  800"  (D.  and  W.  Utid,  2327). 

2  :  G?-DInItro  I  hydroxynaphthacenequlnone. 

m.p.  275"  Antyl  d.nixitivr,  m.p.  270°-278" 
(BentlcN ,  Fried].  Thomas  and  Weixmann,  CSieiii. 

Soc.  Trans.  1907.  IH.  41'.)). 

1 : 6-DUiydroxynAphthacene4uinone 
C,.H,(OH),0,. 

Fr<im  V  :  5'-(lihydroxy-2-/3-r>aphthoyll)crizoio 
acid.  Brick-red  powder,  aublimect  lx.'low  300° 
(Bentlev,  IViedl  and  Weizmann,        1007,  01. 

1593).  ■ 

1  :  Hydroxy-5:  methoxynaphthacenequinone 
( Bcntley,  Friedl,  Thomas  and  Weizmann,  ibid. 
1907.  9J.  425). 

7  :  10-DlchIoro-l  :  5  dihydroxynap]itluieMie- 

quinone  1. Mill »,( (Hanop  and  Wci«« 

niann,  ibid.  1909,  95,  2S4). 

1 : 6-DlhydroxynaphtliM«iMqiiliioiio 

C,,H,(OH),0,. 
75  grms.  of  crude  ethylene  phthalide  arc  sus- 
pended in  250  c.c.  of  methyl  alcohol,  warmed 
on  a  water-bath  at  00".  and  mixci!  with  a  solu- 
tion of  17  jorms.  of  sodium  in  300  c.c.  of  methyl 
alcohol.  The  mixture  is  boiled  20  or  30  minutes 
uii'l'  r  reflux,  filtered,  and  the  n>i(lue  washed 
with  absolute  alcohol,  liy  boiling  the  black 
residue  'with  1  litre  of  water  and  flltcrii)^',  a 
M'lution  of  the  sodium  Rftlt  of  /*/.<-dikct(.li\ drin- 
denc  JH  obtained  (yield  of  b»«-<liketohydrindene, 
32*6  grms.,  m.p.  207*).  The  reeidiue  ol  iw- 


ethylonediphthalide  and  its  sodium  .^alt  is 
rei)eattHlly  lx)iled  with  water  and  then  with 
flilute  hydrochloric  acid.  Yield  16'6  grms., 
m.p.  :M«J°-:M7"  (uncorr.)  (Gabriel  and  Leupold, 
Ikr.  1H98.  31,  IKil). 

LiclH-rmann   and   Flatan  {ibii.   1901,  34, 
2151)  found  that  the  potassium  salt  was  formed 
when  (n>-d)ketohydrindene  was  boiled  with  a 
solution  of  two  moleottlea  of  alkali.  They  give 
i  no  melting-point. 

j      Deiobler  uid  Weizmann  (Ber.  1903,  86,  721) 

obtairud  ttic  siilistaDce  by  heating  10  grms.  of 
l-hvdroxynaphlliaeeiu(juinono  vdih.  10  grms. 
of  boric  acid  and  100  crms.  of  96  p.c.  sulphuric 
acid  3-4  hours  at  230°  ;  m.p.  300"  (uncorr.). 

Gabriel  ami  Ixupold  confiider  the  oom|K>uncl 
to  Ik*  identical  ^^^th  the  'indenigo'  obtained 
by  the  oxidation  of  diphthalylethane  with  hvdro- 
gen  peroxide  orjpotassium  persulphate  (V\  Kauf- 
niann,  Ber.  1897,  SO,  386;  no  mehJQg*point 
given). 

1 : 6'l>ihydrox>-naphthacene  quinone  forms 

red  needles,  the  .■Milm  inn  in  (  oirchI  ruled  snl- 
phturio  acid  is  deep  red  or  yellow,  according  tt» 
strength,  and  fluoresces  on  addition  of  lx)ric  acid. 
The  jiotnssium  palt  is  very  sparingly  soluble  j 
the  solution  in  boiling  water  is  violet. 

Dihydronaphthacene  is  obtainedwhcn  Sgrms. 
of  dibydroxynaphtbacene  quinone  and  3  grms. 
of  red  phosphoruF  arc  intimately  mixed,  stirred 
with  22  c.c.  of  hydriodie  acid  (b.p.  127")  and 
boated  for  3  to  4  hours  in  a  scaled  tube  at  164"- 
167*.  The  residQe  is  extiracted  with  water  and 
crvstalliscd  frnrii  50  c.c.  of  benzene  ;  the  di- 
hydronaphtlmcene  mclta  at  20G"-207"  and 
distils  alH>ut  400"  (Oabriel  and  Levpold,  Ber. 
1898,  31,  1270). 

1  :  (1-1  )iliydroxvua)ihthaccncquinonc  gives  a 
diar^ti/l  (m.]).  235°)  an«l  a  dihrnzoyl  (m.p.  334"- 
339")  derivative  (Gabriel  and  Leupold,  Deiohlcr 
and  Weizmann). 

7  :  lO-Dlchloro-l  :  G  dihydroxynaphthacene- 
qnlnoiie  C,KU»Cl,(OH),Ut  gives  a  diacetyl 
derivatiTe  of  m.p.  266*  (Hairop  and  Weicmann, 
Chem.  Soc.  Trans.  1909.  95,  283). 

7:8:9:  lo-Tetrachlofo-l :  6-dlliydroxynaph- 
thaceneqiiliione  C'i,H4Gl4(OH),02  (Hairop  and 

Weizmann.  Hid.  287). 

Dinitro  -1:0-  dihydroxynaphthacenequinone 
C,,H,(NOs)i(OH)jOj.  By  passing  nitrous 
fumes  into  a  siilpburio  acid  solution  of  the 
dihydrox>'-oompound.  Givee  a  diamino-dihff' 
droni  naphlhactnrquinonc  on  reduction  (Deidllcr 
and  Weizmann,  Ber.  1903,  30,  2329). 

1 : 7-  or  1 :  lO-DlhydroiyiiaphtltteeBwiidiioBe 


C,,11.((>H)_0  .    l'.Hydroxy-3  (or  Cl-nuthoxy- 


2-^J-naphthoylbenzoic  acid  (m.p.  210°-2I5"y  is 
obtained  by  the  condensation  of  methoxy- 
phthalic  anhydride  with  o-naphthol  and  then 
heated  with  concentrated  sulphuric  acid. 
Reddish-violet  fluorescent  solution  in  concen- 
trated sulphuric  acid ;  m.p.  indefinite,  280*- 
300"  (Bentlev,  Friedl,  Thomas  and  Weizmann, 
Chem.  Soc.  trans.  1907.  91,  421). 

1:8  or  1 :  9-Dihydroxynaphthac6nequinone. 
By  condensing  4-hydroxyphthalic  acid  with 

a-nai'hthol  ami  heating  the  product  with  sul- 
phuric acid.  l>oe«  not  melt  by  330".  J)iarfti/l 
derivative,  m.p.  227"-228*.  l-Bydroxy-H  or  0- 
m<  !hfiTti-7)nvht  hare  111  qiniintic   melts  about  250" 

I  lB<-ntit  v,  Fricdl,  'J  homas  and  Weizmann,  ibid. 

'422). 
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1:4:  S-TfihydroxynaphthMNMliiiiMiM  T 
C,.H^OH),0, 
does  not  in«tt  bdow  900*.  Hie  eohitknu  in 

cold  so'Iium  carbonat«  and  conccntrarcd  gul- 

Ehttiio  acid  are  cornflower- blue  in  colour  (Beut- 
»y.  Friedl  and  WeiemAnn,  ibid,  1907,  91, 
1693  \ 

Trihydroxynaphlhacenequmones  have  also 
been  piepued  by  fnsina  1 ;  e-dihvdroxy- 
nnphthacpnrquinone  with  Hlkali  (Dcichler  and 
Wtizmann,  Btr.  1903,  36.  725)  and  by  alkaline 
fUHion  o£  the  sulphonic  acid  obtained  from  1 :  6- 
aminohydxoj^aphthacenc  quinone  (Bentley, 
IViedt,  Thomas  and  Wdznann,  Ghen.  Soo. 
Tra'  .  I'l'iT.  91,  417). 

i-AminoiiaphtiiacenequinoM 

C„H,(NH,)0,. 
Fiom  hyAroxyna] lilt  hn cone  quinone  and  am« 
monift  :  m.p.  290*-292°  {ibid.  415). 

1  -  Amino-OliydroxyiuipbthaeenequbuiiM 

C„H,(NH,KOH)0.. 
By  reduction  of  the  nitro  compound  (DeicWrr 
and  Weixmann,  Ber.  1903,  36,  2328;  On  liard- 
jion  and  WeiBmann,  Chem.  Soc.  Trans.  190«,  89, 
121  ;  Bontlcy,  Fried],  Thomas  and  Weixmann, 
ibid.  1907,  91,  417). 

7  z  10  -  Dichloro  1  hydroxy  -  6  -  aminonaphtha- 
eeneqalnone  C,,H  ,C1,(0H  )(NH,)0,  (Hawop  and 
Weitmann,  ibid.  1909,  95,  284). 

l>Aiiillno-6>lkydroxynaphthacenequlllOM 
f\,H,(NHCjr.)(()HiU, 
and  its  acetyl  derivahw  (ikntley,  Friedi,  Thomas 
and  Wetsmann,  ibid.  1907,  91.  419). 

2  ?  Nltro  n  ?  anilino  l  hydroxynaphtbaeene- 
^none  C, .  H XO.)(XHC,U s)(OH  )0,  {ibid. 
42(' 

7  r  10)  ChIoro-10  (or  7)-«niliiio-i  liyilroxy- 
naphtbaceoequlnone 

C„H,a(NHC,H.)(OH)0, 
(Hnrn.p  and  Weizmami.  >v      ]909.  !»,".  ^sr,). 

l-Aniino-«:8  (or  i) i-diiiydroxynaphihacene- 
tulnone  IVH  ,(NH,)(<  )H),0,  (ibid.  423). 
I :  e^Dfauiilinonaphthacenequinone 
C„H,(NHC,Hj),02. 
By  the  action  of  aniline  on  dichloronaphthaceno 
quinone  <G»fariel  and  Lenpold,  Ber.  1888,  31, 
1283). 

8  :  9  Diohloro-7  :  10*dluillliio4'hydnHV- 
pavhthaeenequlnone 

C„H,Cl,(NHC.H,),(OH)0, 

(Harrop  and  Weismann,  Chem.  Soo.  Trane. 


600 

1905.  38.  4015).  The  colourless  dichloride, 
CtfcH.O^Cl,,  of  m.p.  175*.  gives  the  add 

CO 


when  treated  with  soda.  With  bromine,  tfi- 
hydxosqfnaphfchaoenequinone  bromide 

0  OH 


./"\ 


Br. 


OH  OH 


m.p.  198°.  is  obtained,  whibt  bleaching  powder 
givea  an  oxide 
*  0  0 


rr 


0 


ao  i  I 


1009,  0.-.  2SS) 

7  : 10-DianiUno-l  :  5  dlhydroxynaphthacene- 
qolnone  C,,H,(NHC,Hj),lUil),0,  (ibid.  286). 

8  :  0  Dlchloro-7 :  lO  diaiiiUiio-1 :  OHUIiydMxy- 
oaphthacenequlnone 

C,»H.a,(NHC,H^.(OH).0, 

NaphtluiceDe-dlquinone 

00  CO 

CO  CO 

iv  obtained  by  tho  action  of  nitric  acid  on 
1  :  6-dihvdr«)^  1    I  fit liaceno quiiiot'i-,  Sint<T-,at 

325°,  m.p.  33U°-333*'  (Gabriel  and  Leupold,  Ber. 
1898.  31,  1283). 

Th<-  action  of  lialoiriics  on  iinplitlincene-di- 
quinono  has  been  exammcd  by  Voiswrnci^cl  (Ber. 


melting  about  240^. 

Voswincki  l  ilrawB  att«ntion  to  the  fact  that 
several  compounds  which  have  been  described 
at  different  times  belong  probably  to  the 
naphthacenequinone  Reries  (e.jy.  dibenzoyl- 
succinic  dianhydride,  L.  Knorr  and  Scheldt, 
Annalen,  ISOU,  2^Xi,  74). 

1 : 2-Oliryioquinone  CiaUi«,0..  By  oxida- 
tion of  ohrTseae  ^th  ohromio  acid  (Liebpraiann , 
Annalen.  1871.  15S,  309;  Graclic.  Ber.  1874,  7, 
784;  Bambcrucr  and  Burgdorf.  thtd.  18W.  23. 
2437  ;  Schmidt,  .T.  nr.  Chem.  1874,  [ii.]  !».  2Si 
Graebe  and  Honigsberger,  Annalen,  1900,  311, 
2ti2).  Crystallises  in  needles  from  toluene  and 
benzene  or  in  plates  from  hot  glaciul  aci  tn'  ariii  • 
m.p.  (corr.)  239'5».  Monooxime,  m-p.  ICO'-lOl" 
(Graebe  and  H6nig»l)crger). 

The  reactions  of  chrysoquinono  re'^cinMc 
those  of  phenanthra quinone.  J>crivative«  Ijhvc 
been  described  by  Liebermann  (I.e.);  Adier 
(Ber.  1879,  12.  1892):  Japp  and  Strtatfcild 
(Chem.  Soo.  Trans.  1862.  41,  167J  and  Abcgg 
(Ber.  1801,94,953). 

2 :  8-  or  ampAt-ChrysoquInone.  By  oxidising 
2  :  8-dihy«iroxychrysene  in  boiling  glacial  aoetie 
acid  witli  lead  peroxide.  Reddisb-yellotr  needles 
m.p.  288**-290''.    ( V>m  po  u  nd 

C,gH,oO,-:s'aIliiOj-2H:0. 
Ozidisecl  by  air  in  hot  aloobolic  suspension  to 
8-hydrox.\  - 1  :  2  chrysoquinonc,  dark-red  needles 
which  ilectiujposo  above  300".  Giwn  S-hy- 
droxy-l  :  2-chrysoquinone.l-phenylimine.  m.p. 
230*.  on  tn  at'ment  with  aniline  (Besohke  and 
Diehra.  Auuulen,  1911,  384,  173). 

NaphthanthraqulnoDe  ^tttA<.^(jO[ii  *  i"'^- 
From  naphthoyl-o-benn>io  acid  and  coneen- 

1  rated  -ulphiiri<-  acitl.  (Vmatitutioti.  Gabriel 
and  Coiniua  (Ber.  11HX»,  33.  449).  Mononttro- 
derivative^,  &e.  (H.  SchoU.  if^d,  1911,  44,  2370, 
2992;  Monatsh.  1912,  33,  607). 

QvnroRss  CnH^^  tfiv 
Dlm^tlluiUinuiuinone 

C  H  ^(2)-CO-(2)  „ 
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((Xi(li>in''   let rahvrlriidi- 


»l.p.  388^38r.  By 
ttftphihanthrMene  with  anhydrous  iorrio  chluride 
in  glsoUl  aoetio  add  solntion.  FUttish.  yellow 
needlcH,  s<»lubl<-  iti  CMHifiif rafcd  stilphuric  acid, 
tbe  aolution  ia  blue  by  transnutted,  crimson  by 
raflected  light  (MiUb  and  Hilb,  Chem.  Soc. 
aVana.  1912,  101,  2206). 

5:7:12:14-  Dinaphthanthradiquinone  ( Mills 
and  Mills,  loc.  cU.  p.  2200).  n  i-  n  ^ 

6  :  6  :  7  :  12  :  13  :  14  •  DioaphUianthiatri- 
qnlnone  (Eussig,  J.  pr.  Chem.  1900,  [ii.]  62,  30). 

nflent-qulDone  c» ,  m  ,  X) j.  or 

By  oxidation  of  pioene,  C,jH.«,  wiih  chromic 
acid  in  aretic  acid  solution  (Burg,  Ber.  1880, 
13,  1836  ;  Jiambcrgcr  and  Chattaway,  Annalcn, 
1895,  284.  04).  Ilc<l  crystalline  powder,  sub- 
limes (with  partial  deoompoMtion)  as  rod  needles 
and  Ifaflpts.  Distilled  with  80<M-lini«,  pioenc 
ftli'l  i;;;:<-ii;T4'hi li V 1  :irf  produced. 

Cracliejie-quinone  Ct^H^.O,,  m.p.  208*.  By 
oxidation  of  oraokene  mtb  chromic  acid  in 
L   ' :  at  id  solution  (XfaHidy  and  Sink,  Monatsb. 
1900,21.  131). 

Quinone  t'i,Ha,0„  m.p.  180°.  By  oxidising 
the  hTdrooarboii  C^.^H,,  (OuneUy»  Cbem.  Soc. 
Tcaiu.  1980,  37,  713}. 

Dibenzhydryl  7^  benzoqUliiilM  C^^fit  hM 
already  been  dot^cribcd. 

Iktsbhxdiatb  QmNONxs. 

Qutnones  have  heen  described  in  nvfaioh  hoth 

carbonyl  groups  arc  mcndxrti  of  one  ring;  it 
will  have  been  uoti(^  that  the  two  carbonyl 
grou  \yn  may  beJoog  to  dliEsNnt  rings ;  although 
parts  of  the  mmr  nucleus,  as  in  the  oases  of 
amj^At-naphtbaquinono  aud  eunj^At-chryscne- 
quinone.  A  few  other  quinones  of  such  type  ate 
ltno\v!i , 

Fiuorene  quinone  C,,H»0„  is  obtained  to- 
gether with  diphonylfUf-Ict  Uiiic,  (',,H„0,  when 
lluoiene  ia  oxidisc<l  by  chromic  acid  in  acetic 
acid  solution :  m.p.  I81M82»  (Barbier,  Ann. 
Chim.  Phys.  I  sTl's  v.  7.  500).  Possibly  a  sub- 
stance obtainc<i  by  Bebr  and  van  Dorp  (Ber. 
IS74,  7,  399)  in  small  quantity  by  di.stilling 
])lK'no!  Nv  iili  .~  parte  of  lithaigo  is  identical  with 
fluoreno  quiiuine. 

Mcthylenebiphenylquinones,  nu  king  at  280°- 
281*  and  27<)**-278°  respectively,  l»ve  been 
described  by  CnmeHy  (Uhcm.  Soc.  Trans.  1880, 
37,  7"!)). 

Pyieae-Qumone  Cj^UtOt.  By  the  oxidation 
of  pyrene  with  chromic  add  (Gracbe,  Annalen. 

1871,  168,  295;  BamU-rger  ami  Philip,  i7i/rf. 
1887,  240,  166 ;  Goldschmicdt.  .MuimtsU.  1883, 


pyrene.  Mrlts*  aiid  <ltcompo»!es  about  282*. 
Soluble  in  wxiium  bitiulpbite  uolution.  Reduced 
to  dihydbt>x;rFJ>Bn«  boiling  with  sine  dnat 
and  ammonia. 

Dibromo  and  tribromo  derivoHvu  (Gk>1d- 
schni.cdt ). 

In  place  of  the  constitution 

\_ 

"  :0 


assigncnl  to  pMiuc  quinone  by  Bamberger  and 
PhiUp  {l.c.  158).  Cioidschmiedt  considers  that 
pyrene  and  its  qninone  ahould  be  Tepccsented 
by  theicspective  fomnln 


(Annalen.  1907.  351,  258). 

Whilst  BefaoU  and  Seer  oonsider  it  to  havo 
the  ooaistittttion 


(Munatsh.  1912,  33,  1). 


HbTBBOKUCLBAB  QUDfONSS. 
DiiavAsivxs  o»  DmoKYL. 

The  earliest  known  qninooe  of  the  dipbenyl 
aeries,  ooerolignone,  had  itxe  oonatitation 
CH,0  OCH, 

0:<('^^<^\:0 

CH,0"  diuH, 
a.s.signed  to  it  by  Liebernumn  (Annalen.  1873, 
169,  221;  Ber.  ]HT2,  r,.  746;  1873,  6,  781; 
Lie  ber  maun  and  Mat»iu,  ibid.  1897,  30,  234  ; 
Liobermann  and  Cybulski,  ibid.  1898.  31,  615). 
The  parent  substance,  diphenoquinone,  was  not 
isolated  until  1905,  deopitc  the  earlier  efforts  of 
Magatti  (iV;/  /.  1\  I  s(53  ;  1880.13.224). 

4 : 4'-Dlphenoquiliione  0 :  C^H^ :  C^H^  0. 
Obuined  by  shaking  10  gnns.  of  ;)  diphenol 

di-sid\ed  in  1  kilo,  of  rth«  r  for  one  day  with 
100  grins,  of  lead  peroxide.  Two  varieties; 
these  crj'stalBse  from  benzene  in  thick  crystals 
rt'scinMiiiL'  chrotiiic  acid  and  brighter  c<»l<nircd 
fill*'  nc«  dlt  i4  reaped  I  vi  ly.  Ea.sily  reduced  to 
diphenol.  even  by  phonylhydrarine  at  the 
ordinary  tem|)erature  ;  liberates  iodine  from  an 
aeidided  solution  of  |y)tas.sinm  iodide  (Will- 
ttatter  and  Kalb  Ber.  1905,  38,  1232). 

IHphetui^inh^dronc  C,|H,«04  gives  a  corn- 
flower-blue solution  in  concentrated  sulphuric 
acid  hihI  yields  :i  Leaut^ful  violet  SOdlum  It. 

IH^htnoqutnone  -(Jiiini  n  >- 


4»  810).  A  mixture  of  10  grmn.  of  p.vrene,  15  By  oxidising  benzidine  ui  indifferent  solvenl.s 
r^m^^.  of  potassium  dirhroinatc  and  11(»  grms.  of  j  with  silver  oxide  or  lead  peroxide  the  di-imilM 
sulphuric  acid  diluted  with  5  times  its  volume  of  diphcnoquinone  is  probably  first  foimcd ;  it 
of  water  i»  heated  until  a  reaction  sets  in.  jwlynn'ripc*,  however,  to 
When  apparently  over,  the  niixtupo  is  boiled  j  *  iJH2C.H4-C;jH*-N  :  J<  C,U4'(.',H,NH, 
I  hour  longer.  Then  pr<  <  pitaic  with  water !  (Wilhtsttw  and  Kalb,  B<?r.  190f»,  88,  1288; 
and  digeat  with  «lilute  s-odium  carl)onate  solu-    1'"  ''.  ''>.  :UT4i. 

Uon  some  hours  at  50".   The  residue  is  re- 1      Di  tMnoauinone  dimethyldumomum  pialini 


orystalliBed  from  acetic  acid  until  free  from '  cMorttfe  Q|AUitNtCl^Pt+II«0,  fornn  bcautifal 


Digitized  by  Google 


QUI  NONES. 


511 


golden  bro\m  prisms.  It  is  obtained  by  addition 
of  ohloroplatinic  acid  to  a  whitioii  of  the  green 
chloride  C, iHi-ONjCI,  obtained  from  a  solution 
of  dinieth  v  Ihcnzidinc  in  dilute  bydrocblorio  acid 
and  ex'  I  uf  ferric  chloride  (WiUst&tter  and 
Kalb.  lier.  10O4.  37.  3774;  oompttw  WiUrtfttter, 
ibitl.  1908,  41.  3250). 

Z)tpAciiagfirfiMm»teiwiiii<il||rfi»wtfii*itii»  bi- 
ifxdphate, 

HSO<(CH,),N:C,U4:CeII«:N(CH,)2SO,H  +  2H,0 

separates  in  red  priams.  whioh  appear  blue  or 
violet  by  reflccte<f  lipht.  when  excess  of  chiorini" 
or  nitroua  acid  is  led  into  n  solution  of  1  grm.  of 
tetramethylbenKidino  in  10  c.c.  of  30  p.c.  buI- 
phnrio  aoicl  and  50  c.c.  of  06  p.o.  alcohol  (Will- 
st&tter  and  Kalb,  Ber.  1904,  37,  3768).  The 
chloride  is  too  deliquescent  to  analve  but  the 
platinirhloride  C\.HMN.Cl,Pt+2HaO  and  the 
lierMlie  C,,H.oN,T4.  have  hem  iaolMted. 
Solutions  of  the  salts  are  intensely  oranpe- 
ycUow ;  alkaliea  tirst  give  green  solutions  of  a 
oompound  of  mariqamooold  type  and  de- 
composition then  ensiios.  With  sulphurous 
acid,  t«tramcthyIl)onz.i<iiri('  monosulphonic  acid 
is  produced  (compare  Willattttor  and  Piceaid. 
Ber.  1908.  41, 1466,  3260). 

Diphenoquinone  HehUindiimine  C,.H,N,Cl2. 
chocolate  browTi  amorphous  powder, exjilodes  at 
135",  or  rod  needles  which  explode  at 
(Sohlenk,  Knorr  and  Keller,  Aimalen,  1906, 
363.  313  ;   1009.  3fiS,  271). 

Resorcitiol  and  halogens  yield  trihalogen 
substituted  re.sorcinols ;  further  action  of 
halogen  yields  derivatives  of  diphenyl  which 
are  probably  quinones  of  the  4  :  4''8crios  (Zinckc 
and  ScliwalM',  Ber.  19t>9,  42,  797). 

Orthodi phenol  appears  to  be  incapable  of 
giving  a  quinone  (Ber.  1900, 98,  itSU  footnote) ; 
but  Schlcnk.  Knorr  and  KcIIr  r  lie.)  have 
deMribed  the  dichlorodiiwine  of  the  2 : 4'- 
pUmome,  GtN :  C.H, :  CaU« :  NCI,  as  a  light  brown 
anioqihous  pf)\v(l(  r  which  rxplodos  on  heating. 

Tetramethyldiphenoquinone 

CH,  CH, 

CHr  CH, 
By  adding  a  solution  of  14-2  times  (he 
theoretical  amonnt  of  chroraio  anhydride  dis- 
solved  in  strong  acetic  acid  to  a  hot  solution  of 
tic  ifi>xjrienol  in  '60  times  its  weight  of  glaoial 
aoetio  acid.  Dark  red  onirstals,  Dluish  reflex, 
in.ji.  207°  217*  arcordiup  to  rajjidity  of  heating. 
Yellowish- brotni  solution  in  concentrated  sul- 
phuric acid ;  oxidisnif  agent  (Auwen  and  ton 
Markovitz,  Ber.  loor,,  38.  226). 

Tetrahydroiydiphenoqninone 
HO  OH 


HO  OH 


By  oxidiHiiip  an  aqueous  sohdion  of  hexa- 
hy<lroxj'dijihcnyl  with  an  alcoholie  solution  of 
imiine  (Liebermann  and  Bung.  B(  r.  1^70,  9, 
1887).  Microsoopic  blue  needles,  blue  solution 
in  alkalies.  The  necessary  hexahydroxy-di> 
phenyl  is  obtained  from  the  reduetion  product 
of  ooerolignone  by  hydrolvsia  with  hydrochloric 
add  (Liebermann,  Annalen,  1873,  169,  239). 
The  diintthyl  and  trimethyl  ethers  have  Vnen 
obtained  by  partial  hydrolysis  of  ooerulignune. 


Tetnunetiioxydinhenoqiiinone  (Ck.Hlrirot  or 
Ooeruhgnone),  O:C,H,(0CH,),:C,H,(0CH,)^O. 

By  treating  an  aeetic  acid  eohitioii  of  pyropallol- 
dimethyl  ether  (occurs  in  beet  h  anti  bireh  tars) 
with  potassium  dichromate.  The  ether  may 
also  bo  oxidiflcnl  by  ferric  chlori«le,  chlorine, 
iodine  or  nitric  acid  (Hofmann,  l^er.  1878,  II, 
335).  The  production  of  coerulignono  by 
addition  of  potsssittm  dichromate  to  crude 
aoetio  aefd  ohlained  by  distillmg  wood  is  easily 
exphcablo  (LielMTniann.  Annanii,  1873,  1B9. 
231).  The  coeruiignone  which  si-parates  on 
standing  .some  days  is  dissolved  in  }<henol  (not 
above  30°)  and  precipitated  by  alcohol.  Dark 
ateel  blue  needleH,  insoluble  in  most  organic 
solvents,  soluble  in  concentrated  sulphuric  acid 
with  cornflower- blue  colour.  By  addition  of 
water  to  the  sulphuric  acid  solution,  the  di-  and 
tri-meihyl  clhcrs  of  diphcnoquinoiu'  arc  precipi- 
tated. Decomposed  by  alkalies,  reducing  agents 
furnish  hydrocoemlignone  (tetrsmethoxy  dt> 
phenol). 

Coerulignono  yields  dye.s  \\hen  heated  with 
aromatic  amiiieB;  two  molecular  proportions  of 
the  latter  are  emploved  (Akt.  (Je.H.  Aniliii-F.. 
D.  R.  r.  94503,  1S97)."  As  an  example,  l(t  parts 
of  coeruiignone  are  heated  with  8  partH  of  p- 
toluidine  and  120  parts  of  glacial  acetic  acid. 
The  reaction  begins  at  onoe,  the  solution  ho. 
Cominp  a  l>eautiful  blue  ;  the  reaction  is  iini.'jhe<l 
in  15  minutes.  Moat  of  the  dycstufi  can  bo 
filtered  off  from  the  cold  solntkm,  the  remainder 

may  be  n  coverefl  by  precipitation  with  water. 
Variou.s  amines  as  well  as  their  amino-carboxylic 
and  sulphonic  acids,  may  bo  employed.  Fried- 
lander  (Fortsehritte  der  Theorfarbenfabrikation, 
iv.  lOGO)  Htate-s  that  the  quinone-aniliile  dyes 
obtained  in  this  manner  are  too  unstable  for 
practical  application.  For  the  action  of  aminos 
or  ooemlignone  oompare  IJebermann  (Ber.  1897, 
30,  234.  3137;  1898,  31.  015). 

Tetraethoxydiphenoqulnone  or  ethyl  coeruiig- 
none, 0(oH,40«  (Hofmann.  Ber.  1878,  11,  801). 
A  compound  C  .(.H.^OgHNO,  separates  a.s  purple 
nei'dle.s  on  leatlinp  nitrous  fumes  into  an  ethereal 
solution  of  p\Togallol  diethyl  ether,  llydrolyses 
immediately  by  water  (VVeselsky  and  BenctUkt, 
Monatsh.  1881,  2,  215). 

Deuivativks  or  Stilbene. 

SUIbenequlnone  0 :  C.H, :  CHCH :  C.H, :  O. 
Obtained  by  the  action  of  ferric  ehlorido  on 
^'-dibydroxvstilbeno  in  presence  of  calcium 
carbonate  (Zmoke  and  Fnes,  Annalen,  1902, 
325,  19:  Zincke  and  Miuidi.  ,hid.  1904.  335. 
157) :  or  by  shaking  a  8U!4pen8ion  of  2  grras.  of 
dihydroxystilbene  in  600  c.c.  ether  for  several 
hours  with  25  crrm?!.  of  lead  peroxide.  Ex- 
tracted by  benzene  from  its  mixture  with  the 
lead  oxides  ;  m.p.  284*.  Reduce<l  to  dihydrox>'- 
stilbene  by  phenvlhvdrazine  (Willstatter  and 
Benz,  Ber.  1906,  39,  3490;  see  also  Zincke  and 
Mflnch,  I.e.). 

NitroximM  and  oximes  of  stiibonequinone 
exist  as  alkaline  salts ;  the  free  compounds  pass 
over,  however,  into  dibenzyl  deiivativeB,  e^, 

KO'NO :  (  \  CH-CH  -/  ^:  NOK 

-»   NO,-         •('IIjCH,-<^  ^'NO 
(A.  G.  Green,  Ber.  1897,  30,  3097 ;  Chem.  SSoc. 
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Tnini».  1fl04.  85,  1424,  1432;  1907.  91,  2076; 

19<»^.       ITiM  ^ 

TeUabrotnostilbeaequinooe 

O  :  CjHjBr,  :  CH'CH  :  •  '^H  Air^ :  O. 
Dihydroxystilbcno  and  bromine  j'icld  tctra-  ' 
bromodi-j)-hydroxydibeQf]rl  i^-bcomidc  (tctrn- 
bromo-di-p-hydroxvfltilbene  dibroiiiide).  ni  p. 
2(1.'**.  Avhich,  lioil<<|  >\-ith  acetone,  gives  the 
quinouc.  Aim  obtained  by  oxidising  3 : 5  :  3' :  5'- 
tetmbromo-4  :  4'-dihydroxy8tilbeno  with  nitric 
ncitJ.  Red  powder  or  stcc)  blue  needles  from 
nitiobcjiiene,  changes  to  a  pale  yellow  at  300* 
(Zincko  and  Fries,  ^.c). 

2:5:2':  5 -TetrabroiiiO'3  :  3'*dlm«Ukyltbiol- 
stUbene-4 : 4'-quinone 

O:C«HBr,(8CH,):CS'CH:C,HBra(8Gff,)*0. 

By  the  action  of  solid  sodium  acetate  on  an 
ethereal  solution  of  2  :  5-dibromo-3-methyitbiol- 
p-ercHol  i^-bromida.  Deep  black  powder,  m.p. 
240°  wth  decomposition  (Zincko  and  Kempf, 
Ber.  1911,  44,  413 ;  Ziucke,  Frohnebcrg  and 
Kempf,  Annftlim,  1911,  381,  28). 

Dibit ATivaa  ow  Azobhuzot. 


I,  or  qui  none  asme 
0:C,H4:N-N:  C.H^:  0. 

By  shaking  a  solution  of  f>  iium.  of  hydratcd 
p-azo  phenol  H0  C,H4  N  :  .\  C.Il,  OH,  dis.solved 
in  1  litre  of  ether  with  silver  oxide  (obtained 
from  15  grros.  of  silver  nitrate)  and  10  grms.  of  j 
ignited  sodium  sulphate.  Abottt  2  grms.  of ' 
th''  qviiiHinr>-a/iii'/  iii/iy  Ix-  ol>taiia'd  l>y  evapora- 
ting the  ether,  the  yield  can  bo  raised  to  90  p.c. 
of  the  theoretical  by  boiling  out  the  silver  mud 
with  three  portions  each  of  100  c.c.  of  ehloro 
form  ami  evaporating  the  solvent.  Puriried  by 
recryiitallisation  from  cthvl  acetate  (Willstattcr 
and'  Benz,  Ber.  1900.  39,  3486).  Crystallises 
either  as  dark  orange-red  prisms,  giving  a  brick- 
rod  powder,  or  in  dark  yellow  leaflets,  powder 
yellow.  Expktdes  at  l5tf^  The  eolutioos  are 
deeper  oolotired  than  those  of  azophenol. 
Tiiberates  iodine  from  acidjflrd  potassium  iodide. 
Tartial  reduction  gives  the  qmnhydrone 

C,,H„0,N„ 
m.p.  181''-182°,  the  .same  compound  is  obtained 
by  mixinj^  equimoiecuiar  quantities  of  the 
qninone-azine  and  asophenol  in  ethereal  sohi*  ' 
tion.    Stronger  ri  <hi(  ing  agents  {e.g.  aluminiuni 
amalgam,  zinc  dust  and  water,  stunnuns  chloride  , 
and  hydrochloric  aoid)  Kive  an  azophenol  not  | 
idcnfiiJil  with  the  a/.ophenol  frnm  which  the 
quinon<'-azine  was  prepared  (\\  illstatter  and 
Bern,  Ber.  1906.  39,  3492). 

Addition  CSokpoitnds  ot  Quinoites. 

(Meriqutn'oxoid  Compounds).  | 

A  larue  numlx-r  of  substances  are  known  in 
which  qiiinonuld  and  benzenoM  comjKiunds 
have  cntereil  into  a  somewhat  loose  combina- 
tion, 'i'he  earliest-knouii  niemlier  of  this  group 
was  quinhylrone,  a  strongly  coloured  eqtu** 
iiiolceiilar  C(iin]Hiun«i  of  qinnMii.  nnd  quinoi  dis- 
covered by  WoliKr  in  1844  (.Vnnalen,  iil,  ir».H). 
The  term  quinhydrone  is  now  used  gcnerically 
for  tb'^  addition  product-  nf  ijuitinncs  and 
phenols,  but  since  similar  ndciition  products  of  j 
qnlnOQO-diimonium  wits  with  acomatio  diamines  i 


ate  atm  known  tihioh  are  likewise  intensely 

c<ili)\in'd,  WiINl;ittiT  lin-  introdiict  d  thr  Icrm 
merutu monoid  to  include  all  compounds  formed 
h\  a<idition  of  quinonotd  and  benienoU  molecules 
(VVillstiitter  and  Piccan!  Ber.  lfK)8,  41,  U.IS). 

The  n>lationships  btaween  quinone,  quinul, 
and  quinhydrone  were  obscured  for  some  time* 
owing  to  the  last  being  produced  as  an  inter- 
mediate compound  during  the  conversion  of 
quinone  into  chloroqiiinol  by  addition  of 
hydrogen  chloride  (Staedeler.  Annalen,  1849. 
60,  S08).  Quinhydrone  is.  faotniTer,  un> 
doubtc<l!\  an  addiiioii  jirudiK  t.  for  besides  the 
methods  of  prejiaration  used  b^*  ^^"6hle^,  viz. 
tlw  incomplete  oxidation  of  qumol  or  the  in- 
complete  reduction  of  quinone.  it  is  nlso 
forme<l  by  the  «>mbinatiou  d  >(iiinuue  and 
qumol  C,H/) ,  •  ( 'sH4(0H )j=C,  ,H  ^  0^  and  may 
bo  resolved  into  its  oonatituent.s  by  boiling  with 
>vater,  the  quinone  volatising  and  the  quinoi 
remaininu  in  K)l\ifiuri.  (^uiiKnic  pcnerally  com- 
bines with  two  molecules  of  a  monatomic  phenol, 
or  with  one  of  a  diatomic  phenol,  although 
Wichelhaii'^  nt  one  time  held  the  view  that 
quinhydrone  it.'-rlf  mntained  two  molecules  of 
quinoi  to  one  vl  qumone  (Ber.  1872,  5,  849; 
1879,  12.  1500).  This  idea  was  negatived  by 
the  work  of  J..iebermann  ({hid.  1877,  10,  1H14), 
Nictzki  {ibid.  2003;  A  1  i.  1882,  215,  126) 
and  Hesse  {ibid.  1880.  200,  232). 

The  quinhydronea  and  other  meriqninonofd 
compounds  ui  cottimnu  witli  many  deejily 
coloured  inorganic  sul>stances  {e.g,  sulphur 
sc«quiozide,  niusian  blue.  See.),  hiw  a  oon> 
stittient  prc-ent  in  two  distirct  stages  of  oxi- 
daiiuii.  Ill  the  mcriquinonold  compounds,  a 
dynamical  equilibrium  is  supposed  to  exist 
between  two  or  three  molecules  or  benzene 
nuclei,  similar  to  the  intramolecular  d3*namical 
r>}udil>riuni.  which,  under  the  name  of  im- 
rrhopesis,  has  been  employed  by  Baly  to  furnish 
an  explanation  of  the  absorption  of  various 
oarbonvl-compounds  (set  Chem.  Soc.  Trans. 
m\A,  85.  1029;  100r»,  87,  766;  1332.  1347. 
i:<r..j;  1906.  8'J.  'J.  r)I4.  966.  982;  liK)7,  91, 
1572;  1908,  93,  1747,  1800,  1902;  1909,  96. 
144.  1096). 

Whilst  the  quinhydrones,  are  forme<l  by 
the  addition  of  quinones  and  jihenois,  the 
formation  of  quinhydrone  as  an  intermediate 

product  \\!u  n  liydr"L'''ii  dilorid*  is  paased  into 
a  solution  oi  quinone  still  has  tu  be  explained, 
eapecially  in  view  of  tho  fact  that  withasuffioient 
amount  of  hydrogen  chloride  a  praetically 
quantitative  yield  of  chloroquinul  js  obtained. 
Wichelhaus.  finding  that  quinone  oxidi.ses 
substituted  quinols  to  substituted  quinones 
whilst  it  is  itself  reduced  to  qiiinol,  offered  as  an 
explanation  that  quino!  lilx  rates  chlorine  from 
hydrogen  chloride  whirli  tin  n  acts  ujx)n  quinoi. 

L|,H40,f2HCl  =  C,H,iUH),-i-CI, 
C,H,(OH),+CI,=C,Hja(OH),+HCL 

Tlir  pro<lu<;ti<>n  <.»f  ehlorine  appears  im- 
probable. Thiele's  theory  (Annalen,  1899,  3UG, 
133)  obviates  thisdiflScrulty,  but  does  not  account 
for  tbr  iTtt»  rmediate  pnHluetion  of  quinhydrono 
(.■<r,'  .Mt.  li.n  l.  J.  pr.  Clu-ni,  I'.MKl.  ().S.  .009;'  19<»9, 
79.  423  :  Posn.  r.  Annalen.  liKM.  336.  109). 
Michael  and  Cobb  (J.  pr.  Chem.  1910,  82,  298) 
assume  the  production  of  a  complex 
2C«H40  +HCI, 
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which  (Iccoraposes  giving  nascent  chlorine,  the 
latter  acts  as  a  substituting  agent  oa  quinonc 
instead  of  beii^  dinetly  added. 

"  an  addition  piodaot 

OH 


/  ^ 


H 

a 


6 


C,H,(K\)Na 


Hi  iH 


is  fint  formed  and  is  theo  oxidiwd  to  chloro- 
quinone  which  with  qnlnol  giv^  a  substituted 
quiuhydrono.  The  lattw  oompouud  and  hydro- 
gen chloride  give  two  molecules  of  ehloroqiiiiiol 
(J.  pr.  Chem.  mi,  ii.  83,  478). 

Sehmidlm  (Ber.  1011,  44,  1700)  ooiunders 
Thiflc's  theory  suffidont.  The  fir.t  net  ion  of 
hydrogen  chloride  is  to  furnish  eiiioroqi^inol, 
iniich  ostabliahes  an  equilibrium  with  qiimOiie» 
quinol  and  ohioroquinone  in  thsfoUowiligseilBe: 

0:C.H«:0 +HOC.H,aOH 

HO-C,H4  0H+0:C,ir3Cl:0. 
This  view  is  supported  by  thp  observations 
of  Wichelhaiu  (Ber.  1879,  12,  1503).  Biltris 
(BulL  Acad.  roy.  Beige,  1898,  iii.  35,  44),  and 
Valeur  (Ann.  Cliim.  Thys.  1900,  vii.  21,  661) 
and  explains  the  separation  of  non -substituted 
quinhydrone  on  adoing  hydrogen  chloride  to  a 
solution  of  quinone  in  insufficient  amnxint  to 
effect  complete  conversion  into  chloroquinol. 
The  solution  irUloootaia  an  cquiUbrium  mixture 
of  two  qninnncs  find  two  quiiiols.  fnun  which 
the  least  soluble  (the  un.snl>.«tituteil)  quinhydrone 
separates. 

The  observation  of  Ling  and  Saker  (Chem. 
8oc.  Trans.  1808,  03, 1314)  that  each  of  the  two 

(  hloroquinhydrones  (m.p.  I38''-142'*  and  132*- 
13ii°  respectively)  give  tho  ii}>aringly  soluble  ' 
non-subetitutcd  quinhydrone  and  the  more 
soluble  diohloroquinhydrone  on  boiling  with 
petroleum  ether,  is  aku  easily  explained,  the 
qninhydrones  being  Urgely  dinodated  hito  | 
uicir  constituents  in  solution. 

The  quinhydronee  and  other  meriquinonold 
compounds   result   from    <lirect   athlition  of 
qninonold  and  bencenoSd  substances,  and  the 
qaeetkm  of  the  manner  in  which  the  two  hinds  j 
of  molecules  arc  linked  requires  consideration. 

In  accordance  with  the  ■perr>xide  fornuda  for 
quinone,  Graebe  (Annalen.  ISfiS.  140,  Til)  formu- 
lated quinhydrone  as  IIO-CV.H ,OUCglf«-OH. 
A  corresponding  formula  based  on  tho  dilietonic 

fomrob  for  qomone  is 

0  ^/OH 


C,H,0^\)H 
Jackson  and  Oensla^  point  ont  that  their 
theory  requires  the  union  of  one  molecule  of 
quinone  v.  one  molecule  of  a  dihydric  phenol 
such  as  quinol  or  resoroinol  or  with  two  mole- 
oules  of  phenol  or  the  mononiethyl  ether  of 
quint)!,  whilst  the  dimethyl  ether  of  quinol 
should  not  react,  Tho  facts  agree  with  these 
reqniiemcnts  exoe|it  that  Schlenk  and  Knorr 
have  reeently  prepared  an  addition  product  of 
one  molecule  of  dimethyl  quinol  ether  with  one 
molecule  of  quinone,  and  the  production  of 
diaoetylquinol  and  quinone  from  quinhydrone 
and  acetio  anhydride  (Hesse,  Annakn,  1880, 
200,  249),  which  Nietzki  regarded  as  a  proof  of 
the  absence  of  hydroxyl  groups,  is  oonaidered 
hj  Jackson  and  OcnsUger  to  be  »  farther 
argument  in  favour  of  their  formula. 

What  may  be  designated  as  a  *  phenol-ether  * 
formula  has  been  advocated  by  A.  Valeur  (Th^, 
Paris,  1900;  Ganthier-Villars,  Ann.  Chim.  Phys. 
1900,  [vii.]  21,  646)  and  Th.  Posner  (Annaleo, 
1904,  336.  85) ;  thus  phenoquinone  and  quin* 
hydione  may  be  respectively  represented  as 


•<OC,H, 


O- 

I 


and 


I  11 


-XOH 


Willstatter  and  Piocanl  (Ber.  1"0S.  41,  1468) 
point  out  that  none  uf  thciie  formulas  takes  into 
account  the  deep  colour  and  the  easy  dist^ucia* 
hility  of  the  qninhydrones  (compare  H.  A.  Torrey 
and  Ii.  Jlarclenbergh,  Amer.  Oiem.  J.  1905,  33, 
167),  and  having  discovered  that  the  salte  of 
bases  obtained  by  Wnister  by  the  oxidation  of 
p-diammes  (Ber.  1879,  12,  1808.  1807,  2071 ; 
ISSG,  in,  3195.  3217)  were  only  half  quinonold, 
decided  that  the  quinhydrones  and  Wuister's 
compounds  belong  to  one  category,  residiial 
affinity  cffectinjx  a  loose  combinAtion  between 
the  quinone  or  quinonold  salt  and  tho  phenol  Oir 
aromatic  base.  Qninhydrone  is  lazgely  dis* 
sociatcd  in  aqueous  solution.  For  quinone 
X  quinol/qmnhydrono  K  =  0-23  at  25**  (Luther 
and  Loubner,  J.  pr.  Chem.  1912.  fii  ]  8rj,  314). 
Phenoquinone,  quinhydrone  and  Wurstor's  red 
(the  prodnet  of  the  action  o|  bromine  on 
dimethyl -p-phenylenediamine)  are  thai  fwmii* 
lated  in  the  following  manner: 


(O.  I>oring  Jackson  and  Oenslager,  Ber.  1S<J5, 
28,  1614).  though  it  might  be  objected  that  a 
compound  of  such  a  constitution  would  hardly  > 
show  selective  absorption  in  the  visible  spectrum, 
wiiilat  quinhydrone  is  actually  a  strongly- 1 
oolonted  snfaetanee.  Jaclomn  and  Oenslager , 
started  out  from  the  fact  that  dirhlorodicthoxy- 
quuiotu  combines  with  two  molecuk-ji  of  sodium 
ctho-xi'ie  f.lackson  and  Orindlev,  Proc.  Amer. 
Aca'l.  ISO  t.  .30.  409)  and  assumed  that  the  .nalt 
was  of  liemiacetal  type  and  corresponded  to 
phenoquinone,  the  compound  produced  by  the 
onioii  of  one  molecule  ol  quinone  with  two  i 
moleeiilM  of  i^ienoL  ' 
Vol..  IV.— r. 


\Z 


o 


(HO)C.H, 


u 


=0 


(HO) 


H 


(HO) 


Br 


N-H 


II  i. 

XL.... 

CH/^\Br 


t 

N-CH, 

1 


2  L 
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A  somewhat  similar  idea  is  to  bo  found  in 
the  formulation  of  quinhydrono  as 

o  o 


r  ^ 
,11  «• 

I 


} 


J 


(G.  Urban,  Monateh.  1907. 28,  S90);  WilbiiUer 

and  Piccard  (/.c.)  1404.  fontiH)((\  point  nut  that 
this  docs  not  take  into  account  the  salt  forma- 
tion of  the  quinhydrones. 

M.  M.  Richter.  who  formulates  the  addition 
product  of  hydrogen  persulphidc  and  quiuono  as 

H-0-S-S-S>OH 

mm 


5 


0 


thinkK  the  quinhydrones  are  abo  oxoninm  oom- 
IK^undn.  Three  ozxmium  formulas 


HOO  , 

An 


o 


OH 


H-0 

II  11 
O 


0 


H-0 

/\ 

II  II 


OH  H-iC)- 


0 


I  1 


-O 


are  possible  for  ordinary  quinhvdrono  of  which 

the  second  is  preftrre^l  (lier.  1910,  43,  3603).   r  j  —  t  

This  view  does  not  loniinend  itself  to  Angelo    alcohol;  the  ^-salts,  which  are  polymer?  and 


found  that  quinone-iminc  and  quinonc-dilmino 
were  colourless  substances  and  gave  colourless 
salts  if  in  a  state  of  purity  {Wilisliitter  and 
Pfannenatiehl,  Ber.  1904, 37, 4006).  Keh  rmann 
su^ested  that  many  of  the  deeply  coKmnd 
oxidation  products  obtained  from  simple  amines 
might  be  of  quinhydxone  type  {Aid.  1906.  38, 
3777).  A  oaivfal  examination  by  WiOst&tter 
and  Piccard  {ihid.  lf>08.  41.  I4.''.8)  of  the  oxida- 
tion products  obtainable  from  dimethyl-p* 
phenvlenc  diamine  showed  that  iriiibt  the  com- 
pletely quinonoid  nitrntr 

HNO,  HN  :  C,H,  :  X(CH3),N0, 
was  colourless,  the  coloured  salts  obtained  by 
Wnrstcr  (Ber.  IS79,  12,  1803,  1807.  2071)  and 
considered  by  Bemthsen  (Annalen,  1885,  230, 
162;  1889.251, 11,49, 82)to  be  wholly  quinonoid, 
are  actually  of  mcriquinnTioKl  type.  Wurstcr's 
red  must  be  considered  a,H  an  addition  product 

BrNH,:C,H,:N(CH,),Br+NH,C,H.N(CH,), 
Kehnnann  (Ber.  1908,41.2340),  and  Sehloik 

and  Knorr  both  draw  attention  to  the  fact  that 
quuihydrones  are  dissociated  into  their  con- 
stituents in  solution,  bat  Wniater's  red  is  not. 
Evidmtljr  the  firmness  of  union  of  quinonolfl 
and  benwnoid  molecules  varies  iri  di-pree  (VVill- 
•titteraml  Piccard.  Ber.  11M)9.  42,  1902). 

Jean  Piccard  (Annalen,  1911.  381,  351)  has 
shown  that  the  meriqalnonediimoniam  salts 

NH,Br :  CH,  :  NH,Br+NH,'CA*NH, 
exist  in  two  modifications,  a  and  $.    The  a- 
compounds  arc  formed  prefr  rably  in  presence  of 


Knorr  {ibid.  1911, 44, 1603).  The  true  imonmm 
compound  obtained  from  quinone-diimine  and 

;)  riitropht>nol  (m.p,  59*)  is  yellow,  i.e.  has  not 
the  marked  colour  associated  with  quinhydrones. 
The  meriqoinonoid  oomponnds  obU^ned 

from  bases  were  frequently  iiii'^takieil  for  the 
quinonoid  .substances  themsehes. 

Jackson  and  Calhane  acted  on  p-phenylene« 
diamine  and  itsdibromo-derivativc  with  bromine, 
obtaining  dec'|)ly  coloured  salts  which  they  con- 
sidered were  compounds  of  the  diimines 
C,H,(:  NH),  and  CJf  ,Br,(:  XH), 
(Ber.   1902,  35.  2495).    Subsequently  it  was 


more  strongly  oolouxed.  at  low  temperatures,  in 
presence  of  water.  The  /9-form  is  usually  the 
more  stable. 

Some  of  the  addition  products  formed  bj 
quinones  and  quinonoid  compounds  are  given  in 
the  following  list.  The  figures  in  brackets  refer 
to  the  number  of  molecules  of  reacting  sub* 
■taaoee,  — 

(3)  l:4^^«0,+(4)l:2rf>  C,H,(OH)„ 

m.p.  78\  Siepmund, 
means  that  Siegmund  has  prepared  an  addition 
product  of  3  molecules  of  p-licnzoquinono  wjtb 
4  molecules  of  pyrogsllol  which  nudts  at  78*. 


(l)I:i-C\H«0,+(2)C,HjOH,  m.p.  71",  Wiohelhaus. 

( 1  )1 :4.r,H ,0,  i-(2)I:4.C«H,(OCH,)(OH) 
(l)l:4-(',ll,Oj4-(l)l:3-C,Ht{OH)„  m.p.  90°,  Nietzki. 
(l)l:4-C,H40,+(l)l:4.C,U4(OH)a,  m.p.  171°.  Wohl.  r 
(l)l:4.C,H40,-|-(l)l:4.C,H,(OCH,),.  Schlenk  and  Knorr. 
(l)l:4.C,H40,4-(l)2:l:4-('Jl  3riiOH)„  m.p.  145°,  Ling  and  Baker. 
(3)l:4.C,H40,+(4)l:2:3.C,Hj(OH)3.  m.p.  78\  Siegmund. 
(3)l:4.C,H,0,-K4)l:2:4-C,H,(OH)3.  m.p.  104°.  Siegmund. 
(311:J-f',H,OjM2)l:3:0-C,H,(OH)3,  m.p.  103  ',  Si.  ^mund. 
(l)1.4-(;eH4O,  +  (l)2:3.C,pH,(0H),.  m.p.  78''-80%  Siegmund. 
(5)l:4.C,H40,+(2)l:4-C,H«(NH,),.  m.p.  88»  BoUenk  and  Knorr. 

(l)l:4-C,H,0,4-fl)ril2(CJT,  NHO,.  m.p.  72--7S",  Siejzmund. 
(I)I:4-r,H40,4-(l)C,H,(C,H,  NH.)„  mj).  130»,  Siegmund. 
(l)l.t.CJi,(),  +  (2)l:4.NHjCH,CO,OHj,m.p.  83*,  Siegmund. 
(l)2:l:4.C,H,C10,+(l)l:4-C,H,(OH),.  m.p.  about  m)\  Ling  and  Baker. 
(l)2:l:4.C.H,CI(),  +  (l)2:l:4.C,H,ri(OH),.  m.p.  93°-94%  Wohler;  Ling  and  Baker. 
(    2:5:1:4.('«HXL<),  -  ( 1  )2:5:l:4.C,H,Cl3(OH)3,  m.p.  140°-145%  Ling  and  Baker. 
iiS=2-J-!*S«U»^"'«^*^-^^>^-®-l=*-C.»2^'UlOH)„  m.p.  130^  Line  and  Bakrr. 
(l)2t6:l:4-C,H,CljOj+(l)2:6:l:4.C«HjBr,(()H),.  m.p.  130°-i:{5\  LinL'  and  Baker 
(l)2:3:n:l:4-f\Hn3(),  +  (l)2:3:r.:l:4.C.H('l.v()ir)..  m.p.  109°-llU",  Lin-  and  Baker. 
(l)2:3:5:6:l:4-C,CUOj4  (1)2:3:.'>:G:1:4-C,014(0H),,  m.p.  ItK)*,  Staedeler;  Loring  Jackaon. 
(I)P  ^V :i«08  +  (I)l:4-(\H,(NH^,SchlWikandfciow.  *  4-onng uacaaon. 

(l)p-C.Cl40,+(l)l:4.C.H4[N{CH,)j„  m.p.      ScUenk  and  Knorr. 
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{1)1>-C,C140,4-(1)(CH,),N  0,H4-C,H.  .N(CH,),,  Sohlenk  and  Kaon. 
(l>p-C,Cl«O,+(l)NH,-C,H,CI(CH,)-C,H,Cl(0H,)  NH„  SoUenk  Mid  Kaorr. 

(l^C.C^o .   ( 1  )NH,  c,H.HrfrH;)  ('jl  .ikK  Ho  NH,.  ra.p.  225-228%  SoUeok and  Knofr. 

(l)2:l:4-C,H'sBrO,-f-(l)2:l:4-U«H3Bt{(>H)j.  in.p.  m\  Ling  and  liaker. 
(IJfd5:l:4-CJIiHr,0,+(l)2:5:l:4-C,HJ{rJOH),.  m.p.  l  i5°-150Ming  and  Baker. 
(l)2:5:l:4-(  „H,HrJ>,  -(n2:5:I:4-CgH,CI„(()H)j,  ni.p.  KW-UO',  Ling  and  Baker. 
(l)/>-r,Ur40,^{l)i(;ii3)jN  C,H4  C,H,-N(CH3),.  Sihloiik  and  Knorr. 
(l)p-C.Br,0,  r(i)NH,-C,H,Br(CH,)-C,HaUriCH3)  \H,-.  m.p.  190",  ScUenk  ud  EnOfT. 
(l)2:l:4-(",H3(OH)0,  +  (l)l:2:4-C,H,(OH)3,  Barth  and  Schroder. 
(l)2:l:4-C,H,(CH3)02-f(l)2:l:4.r,H3(CH3)(OH),-.  m.p.  52^  NiotzU. 
(l)l:4:2:5X',H,(CH3HC3H-)<),  f  (l)l:4:2:r,4;jl,(CIl3)<r3H.)|()H),,iaebenn^ 
(l)0:CtU4-C,H4:0+(l)HO  C,H.  C,U,  01I,  Willatatter  and  Kalb. 
(1)1:4.C«H«(:NH).+(1)NH,  C,H«-G,H4  NH,.  m.p.  128M46%  SoUe&k  and  Knoct; 
(1)1:4-C,H,0(:NC1)+(1)1:4-C,H,(0H),.  oxpl.  p.  IW,  A.  Knorr. 
(l)l.-4-C,H,(:N('l),  +  (l)l:4.(',H,^UH),  cxpl.  j..  120M30».  A.  KnOfT. 
(l)l-^-r.H,(:NCl)3  I  (2)NII,  (\,H,-C,H,  NFl..  .  xi.l.  p.  121»,  A.  Knorr. 
(ni:4.HrNHj:<^\,H,:\'CH,i.Ur  r(l)l:4-NH.  (',K,  N((-H3),,  Wilktattcr  and  Piccard. 
a)HSO,  X(Cll  ,jj:C,H,-.Xi<  'llO.^''iH-(2)lVl-('gH/N7CH3)i]j.HjS(),.  WillstatUr  and  Piccard. 
(l)N'H:(',H,:(',il,;NH  :-(4)XII  .  (',H4  CeH,  NK,  +  (4)H,CrO„  Willstatt^r  and  Piccard. 
(l)NH:C,H4:CJI,.NH  f-{3)NH,  C,H»  C,U4  NH3^(r,)H  ,(  rO,.  Willstattcr  and  Piccard. 
(l)a(CH,),N:(\,H.:(\,H,:N(CH3),a  i-(lKrH,)A-{VH./(",lI,  N(CH3)3  + 

Willstii'  andPioeud. 
(l)NH:C«Ht(CUs)Ci:C«U,(CU^Cl:NU+(i)^Hs.CcU.(CH«}aC«Ha(CH,)a-NH|^2)UCl, 


Neither  the  above  list  of  mcriquinonold 
oompounds  nor  tho  subjoined  lisi  of  references 
pretends  to  bo  exhaustive.  Some  idea  will  be 
gained,  however,  of  the  ty|K!s  of  substances 
which  form  DMriquiiumoId  compounds  and  tho 
molecular  propovnoot  in  which  oomfainatioD 
takes  place. 

Barth  and  Schrcdcr.  Monatsh.  1884,  5.  r)95 ;  i 
T.  H.  Clark,  Amer.  Chem.  J.  1892,  14,  674 ; , 
OiMba,  Aonalen,  1868,  I4A,  27 :  Haack,  Ber. ' 
1909.  42,  4595;    Hesse.  Annalen.  1880,  200, 
248:  C.      Jackson  and  Cirluton,  Amer.  Chem. 
J.  1908,  39.  493;   Klinger  and  Standke.  Ber. 
1891,  24.  1340;  .rVngclo  Knorr.  ibid.  1911.  44. 
1503;  Lieberinann.  ibid.  1877,  10.  1015;  Ling 
and  Baker,  Chem.  8ot .  I  ran-.  189.3.  b3,  1314  ;  I 
W.  Madelung,  Ber.  1911.  44,  626 ;  K.  H.  Meyer. 
ibid.  1910. 43. 157  :  Nietzki.  Annalen,  1882,  215, 
130;   Ber.  1879,  12.  1982;   Piccanl.  Annnlen. 
1911,  381.  351:  Ber.  1911.  44.  059:  M.  M.  . 
Riehtor,  ibid.  1910,  43.  3603;  1911,  44.  8468; ' 
Si  ldonk  and  Knorr,  Annalen.  1908.  303.  313; 
V.m.  :<»18,  271  ;  W.  Siegmund,  Monat.«h.  15Rt8. 
29,  H)87  :  J.  pr.  CSicm.  1910,  ii.  82,  409;  1911. 
ii.  83.  553  ;  Staodeler.  Annalen,  1849,  69.  308  ; 
Urban.  Monatsh.  1907,  28.  2399  ;  Wichclhaus, 
lit-r.  1872.5,248.  846;  1879.  12.  lafM);  Will- 
sUittor.  ihid.  1905,  38»  1232;  1006.  39,  3474; 
1908,  41,  1468,  8246:  1900,  42.  1909,  4143; 
Wohler.  Annalen.  1844.  51. 153  :  Woskrescnsky, 
J.  pr.  Chem.  1839,  i.  18,  419 ;  Zincke  and  Muhl- 
banaen,  Ber.  1906,  38.  756;  a  L.  Jaokion  and 
Bolton,  Ber.  1012, 46»  871. 

QuiNONOiD  Compounds. 

The  term  quiuoncs  is  restricted  to  substances 
eomtainitig  two  oarbonyl  groups;  in  addition 
there  arc  a  largo  numln-r  of  compounds  in  which 
tho  same  arrangement  of  linkages  cxiht.x,  but 
the  oxygen  of  tm  oarbonyl  grouj»  is  replaced  by 
other  atoms  or  isotope.  Examples  have  already 
been  seen  in  thetmines.  arylimincs,  ch1oroiminp«, 
and  oxiraes  of  the  quiriones.  These  coinpoundH 
hare  been  described  in  connection  with  tho 
qofaiooea  to  whieh  thaj  oomspond,  as  they  an 


isnk  and  Knocr. 


generally  obtainable  direotiv  irom  the  quinones 
or  ai«  oonTerled  into  them  laj  more  or  uss  easy 
means.  In  the  cases  where  divalent  carbon 
radicles  replace  the  oxygen  of  the  oarbonyl 
gtonpi  there  ia  the  fame  formal  lebtioiishipb 

O  0(AIphyl)a  0(A]plvl)t 

A.  y\  A 

•  U    U  U 

0  6*  (J(Alphyl), 

and  tho  '  qiiinunoid  '  sfructure  is  evident,  but 
generally  such  cunijHjunds  aro  not  directly 
convertible  into  the  corxcspondbig  quinones. 

Qninonoid  structure  is  usually  aasnmed  to 
exist  in  the  ease  of  the  organic  dyeituffi ;  thus 
whether  malachite  green  he  written  ae 


C.H, 


or 


C,H«-N(fH3), 
C,H,:N(CH,)X1 

the  constitution  must  bo  regarded  as  quinonoid, 
the  first  fonnnla  oorrcsponding  to  the  ix  roxidi; 
formula,  tho  second  to  tho  dikstono  formula  of 
;j-bcnzoquinonc.  A  discussion  of  the  oonstitu- 
tion  of  dyestuffs  is  given  in  thoarticltnn  fiiitoMo- 
PHORss  {q,v.),  and  it  is  mentioned  there  that 
many  olwmitto  assame  that  a  rearrangement  of 
linkages  takes  place  when  p-nitrophenol  and 
allied  substances  form  salts  or  ionise,  the 
l)cnzenoid  giving  pkoe  to  the  qidnonold  0(m> 
Qgoratkm. 


OH 


Ot  iHOOK 
Blanv  quinonoid  com{x>und8  exhibit  the 
same  additivo  capacity  for  hydrogen,  hydrogen 
chloride.  Sec,  as  the  quinones  themselves,  in 

the  case  of  tin-  ^tulT-.  Imwcver.  the  corre- 
sponding benzunoiU  louco-compounds  oxidise 
■pontaneoasly  and  famish  the  oorrcsponding 
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quinoiiuiil  dyewtuffs.  It  may  l>c  notod  that 
marked  differences  in  ease  of  oxiilisability  exist, 
*  lonco-compound  corrts ponding  to  an  o- 
quinonold  dyoatufi  being  ita  more  xeadily 
oxidised  than  one  from  vbioli  »  ^-qoinoiiold 
(Ivostuff  is  formed  (Gmiii  Ghem.  800.  Droc. 
1896,  12,  226). 

.  CimTenely  H  ia  found  tlial  qvinoncs  vary 
groatlv  in  their  oxidising  power.  Willstatter 
and  Pamas  (Bor.  1907.  40,  14Uti)  show  that 
vfaeneas  2 :  G-(ampAi-)niaplitluHiainone  shaiee 
the  strong  oxidising  properties  of  P'betao- 
quinouc,  1  1 2-(or//io-)naphthaquinono  shows 
tmee  on  a  reduced  ecalc,  1  :  4-(j3arrt-)naphtha- 
quinone  w  »  feeble  oxidising  agent,  whilst 
propertiee  of  this  netnte  are  entirely  aliaent  in 
the  case  of  anthraquinone.  Possihly  in  the  last 
case  the  explanation  is  to  bo  found  in  the  fact 
that  the  two  carbonyl  groupe  link  up  two  real 
bcn3M?no  nucb  T.  QtunonoiJ  compoini'T^  ^omc- 
times  act  as  oxidising  agents,  phenyiivvdrazine 
vedueee  j»-bHiao4|ainone  with  evolution  of  nitro- 
gen at  the  ordinary  tempeiatlue:  At  »  higher 
temperature  it  reduces  aniline  bisek  fWillat&tter 
and  Cran.or,  Bcr.  1910.  43,  297C).  whilst  2  :  9-N. 
indoloanthrono  is  reduced  by  phenvlhydrazine 
ftt  the  otdhuury  tempemtnre  (R.  SohoU,  Bet. 
1911.  44,  2370). 

c 


The  simplest  members  of  the  series,  the  methy- 
lene benzoquinoue^i  CH.^:  V^U^:  O,  are  un- 
knovm,  but  many  derivatives,  sutwtitutcd  either 
in  tho  methylene  group  or  in  the  quinonold 
nuoleas,  have  beeo  ODtoined.  Substanoee  of 
this  cUss  have  been  -pwpmd  by  dw  loUowjug 
methods : 

I.  By  oxidation  of  o- methyl  sahetitated 

naphthob.  Fries  and  ITiibner  (Ber.  1906.  39, 
446)  obtained  ;3-naphlhu(jtuno-l-methanc  by 
dlseolring  4  grms.  of  l-methyl-2-naphthoI  in 
60  c.e.  of  glacial  aootic  acid  and  adding  in  tho 
course  of  1  hour,  12  grms.  of  sodium  nitrite. 
After  8  hours,  tho  solution  vas  poured  into 
water,  the  pceoipitate  ground  with  a  little 
glacial  Metie  ftdd,  dried  on  poroua  vuQuawm 
and  crystallised  from  petroleuiD  spiiifc.  Ydbw 
needles,  m.p.  132** 

CH,  CH, 


By  using  nitrous  fumes  and  a  solution  of 
the  inetiiiylF>n*phthol  in  dry  ether,  a  qoinitrol 


NO, 


NH 


-A 


OH 


The  quinonold  compounds  not  M>  far  con- 
sidered are  those  of  such  types  as 
>C;C.«H4:0(or:NR  and  rNR^Oand  >C:C,H4:C< 

In  the  first  category  are  manv  classes  of  dyo- 
stuffp,  and  nfiTeneo  should  \)e  made  to  the 
article  dealing  with  triphenylmethane  colouring 
matters.  These  substances  can  be  considered 
aa  derived  from  quinomcthane  or  its  imino 

CH,:C,H«:0  C11,:C,H,:NH 
by  replacement  of  hydrogen  atoms  by  various 
gronpa.   To  diphcnylquinomcthane 

(C,H,),C:C,H4:0 
Baeyer  has  given  the  name  fu^aem  whioh  lends 
iteelf  cn.«ily  to  derivatives.  Thus  pararosaniline 
becomes  diaminodiphenylfuchsonimouiuat  chlor- 
ide. The  eoloured  quinonold  hydrocarbons  arc 
ilerivfttives  of  quinc«ii  met  bane,  CH  ,:C,H4:CH,, 
and  an  account  of  them  is  gi\  en  b«  low. 

Besides  truly  quinonoid  (X)mpounds  a 
number  of  substances  of  homiqoinonoid  oharao- 
tcr,  posiMJSsing  tho  grouping 


■  V 


< 


are  known  (eg.  the  psoudoquinoLi).  which  al»»> 
frequently  show  a  tendency  to  pass  into  sub- 
stances oi  benienoid  eoni^goratioo. 

HBiHTUVi'QinKOinB  ob  Qmo^MBiKasnia. 
These  compounds  contain  the  gcoupmgs 


or 


O 


00°  . 

which  decomposes  and  evolves  nitric  oxide  at 
140°  may  be  obtained.    Uerived  from  thiii  id 

(^H 

tho  (^-quinol  O  :CioO,<qj£%  m,p.  83".  Occa- 

sionally  the  oxidation  may  be  effected  by 

bromine  without  intermediate  formation  of  a 
!  i|^-bromide.  Zincke  and  Walter  (Annalen,  1904. 
324,  267)  obtained  benzylideno-2 :  6.dibromo> 
quinone  (dibromoquinophenylmethane)  by  heat- 
ing bromine  with  dibromohydroxydipbcnyl 
methana  to  100*  in  escboii  tetffS«hlocide  solution 
C.H,'CH,C,H,Br,OH-fBr, 

«2HBr-i-C^HjCH:C,H,Br,:0. 

2.  By  removing  the  efoments  of  hydrogen 
broMiich-  from  the  v^-bromidw  formed  by  the 
action  ui  bromine  on  ]>henoIs. 

CH  ^C^4:0(orCH,Br  C«Br.  OH)— HBr 
"  ^CH,:C,Br4:0. 
The  reaction  in  effected  by  shaking  a  benzene 
solution  of  the  i^-bromi<ie  wah  aiibydrou!^ 
sodium  acetate.  The  tetrabiomoquinomcthajio 
taken  as  an  example  it  an  amorphous  white 
j)o\vder  which  easily  adds  hydrocen  bromide, 
w»ter,  &c.  (2iiuokeaad  Bottcher,  Annalen,  1905, 
343.  100). 

By  dehydiayon  of  ]>-hydxoxyaiyl  csv- 

bin.ils 

|<  JiJi^OHKC.H^OH) 
*        '  =H30+(C,He),C:r,n,:0, 

V.  Baeyer  and  Villigcr  obtained  diphenyl- 
quinomethane  bv  heating  p-hydroxytriphenyl- 
oarbinol.  At  00*  only  half  a  molecule  of  water 
h  olimiuatod,  but  a  new  evolution  of  water 
vapour  Ukea  place  at  150*.  The  resulting 
vitreous  mass  wa*?  crvstnlli3<^<l  from  a  mixttire 
of  ether  and  bt  azene  ;  orange  needles,  in. p.  l'»5' 
(Ber.  1903,  36,  2792).  ,      ,  ,  , 

4.  Bv  heating  p-methoxytriarylmethyl  ha- 
lidea.   Bistrzycki  and  Herlwt  (Ber.  1908,  36, 
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2335)  obtaino<l  diphcnylquinonirthanc  by  heat- 
iagMiisjldiphenylmethyl  chloride  for  1  Ikour  at 

(C.H,),<Xn{C,H40CH,) 

«»CH.a+(C.iI«).0 :  Gfit :  0 

Staudinger  (Bor.  1908,  41,  1355;  see  alao 
Staudingcr  and  Bereza,  Annalen,  1911,  380, 
843)  finds  that  ketenea  react  in  tho  cold  with 
•tiuinont's  givinc;  /S-lactonog,  Tho  latter,  when 
carafuiiy  heated  beluw  their  melting- point,  give 
quinomeUtfuies. 

(CaH|)sC!baOH-0:C|H«K) 


«(C,H5),C^C0.0Ac,H.:0 
=  C08+(C,H5),C:C,H,:0. 

The  corresponding  iminos  arc  knowTi  in  some 
cases.    Baeyer,  ViUiger  and  Hallenuleben  (Ber. 

1903,  36,  2794)  allowed  phenylmagneeium  brom- 
ide to  react  with  ji-amino-benzophenone,  ioolatcd 
tho  aminotriphenylcarbinol  as  picrato,  liberated 
the  colourless  carbinol  huso  and  h«'at<'d  to  IfiO" 
in  A  oorrent  of  hydrogen.  The  analytical  hgures 
obtnhied  for  an  anbydro-compmnd,  C,,H,(N, 
arc  not  quite  satisfactory.  Tho  substance 
subsequently  proved  to  be  a  dimeric  form  (Ber. 

1904.  37r  604). 

Baeyer  and  ViUiger  obtained  sharp  analy t  ica ! 
figures  and  good  results  for  simple  muleculsr 
ireight  villi  the  phmylimiiie  of  cupheii^qtifiio- 


mcthanr.  (f'8H5),C:r,H,:\CgH5.  m.p.  133«- 
138°.  This  red  crystalline  subetanoo  is  liberated 
direefely  from  its  salts  by  the  aoticm  of  alkalte. 
Treatment  with  dilute  acids  gives  the  corre- 
sponding colourless  carbinol,  whilst  stronger 
acids  give  the  coloured  aahs  of  th(^  ]jhcnyliiniiie 
(Bamrer  and  ViUiger,  Ber.  19()4,  37.  608). 

l%e  quinomethanes  and  their  imines  are 
chiefly  noted  for  the  ease  with  which  a  molecule 
of  water,  acid,  &o.,  is  added.  Thus  tetra- 
Inomoqubiomethane  ngeneifttea  the  i^facomide 
with  hydrobroniic  acid,  alkalis  in  acetone  solu- 
tions give  tetrabromohydroxybenzyl  alcohol  and 
tetmmomohydfozybensyl-aoeUme. 

CH,:C,Br4:0  4-H,0 =H0CH,-C,Br4-0H 
CH,:C,Br4:0+CH,C0CHj 

=  CH,-CO  CHj  CHj  C'gBr.  Olf. 

Diphenylquinomethane  (fuchsone)  is  reduced 
by  sine  and  acetic  acid  to  hydroxytriphenyl- 
methane,  and  on  boiling  with  dilute  potash  atlds 
the  elements  of  water,  giving  hydro xytriphenyl 
carbinol.  On  the  other  iiand,  7)-trihydroxy» 
triphcnyl  carbinol  is  incapable  of  existenoet 
losing  water  and  passing  into  dihydroxyfnohaone 
or  pararosolic  aci(l. 

Whilst  the  carbinol  baKcs  are  colourless,  the 
quinonoid  anhydro^baaes  are  coloured,  although 
thfir  shade  diflFers  eonfjiderably  from  that  of 
their  salts.  The  following  table,  due  to  Will- 
stittar,  ahowB  this  olearly. 


Imlne. 


Colour  of  SdiUoii. 


C(C,H,),:C,H,:N-C,H,  Red 
0(C,H,){C,H4NH,):C,H4:NH  YeUow 
C{C,Hg)(C,H4-NHC,H,):C,H4:N<3gH,  Browni«h-r.  d 


C(C.H,NH,),:C,H,:NH 
C(C,H4NHC,H,),:C,H,:NC,H, 
qLC,H«N(da»),]a?CiH,:MC«Us 


Salts. 

I>5biier*B  Tiolet 

Viridino 

New  fuchsine 
AniUne  blue 


Oranue -yellow 
Red'Orown 

Oiaqge-yeUow  Victoria  blue  B.  li.  A,  P.»  Ber.  1908,41>  679 


Reference. 

B.  &  v.,  Ber.  1904, 37,  697 
B.  &  v.,  Ber.  1904,  37,  284S 

B.  &  V.,Bcr.  HK)4,  37,  2848 
\V.  &  l'..lkr.  1<>0S,41,  1468 
B.(!tV..Bcr.  1904,37,2848 


In  the  above,  B.  and  V.  stands  for  Baeyer 
and  ViUiger,  W.  and  P.  for  WiUst&tter  and 
Piocard,  and  N.  and  P.  for  Noltingand  Philipp. 
Besidee  the  references  giveo,  the  following  papers 
may  abo  be  eonraltea :  Auwets,  Ber.  1911,  44, 
788;  Bistrzvcki,  ibid.  1901,  34,  3073;  1903. 
36,  3668,  3506;  1912,  45,  1429;  Baeyer  and 
ViUiger.  ibid.  1904.  37,  1183,  3191  ;  Annalen, 
1907,  364,  162;  Zincke,  J.  pr.  ('hem.  1898.  ii. 
68,441;  60,228;  Annalen,  1903,  329,  1;  1908, 

363,  m 

QUU70DI  METHANES. 

The  simplest  quinonoid  hydrocarbon,  qnino- 
dimcthane  or  p-xylylene 


has  not  been  i.solated  ;  .several  derivatives  have, 
however,  been  prepared,  liemoval  of  bromine 
from  diphenyl<ji>i7lylme  dibiomide, 

C«HB'GHBr'0«H4'GHBrG«Hy 

by  means  of  mercury  or  silver  give«?  a 
yeUow  substance  which  in  probably  diphcin  l- 
p-xylyleno ;  it  is,  however,  too  unstable  to 
iftolato  (Thielo  and  Balhom,  Ber.  1004, 
37,  1466).  Sufficient  stabiUty  is  usuaUy  se- 
oozed  bj  lepiaeiiig  the  four  hydrogen  atoms 


of  the  methylene  groups  by  hydrooarbon 

radicles. 

MbTHODS  or  PfiEPABATIOir. 

(i.)  By  removing  bromine  from  substituted 
p-xylylene  di bromides.  The  dimethyl  ether  of 
tetnpheiiyl<|>>acylylene  glyool, 

(C,H,),0(OCH,)C^40(OC3H,)(C.H,)^ 

is  obtained  fnun  di  Diethyl  terephthalatc  by  tlio 
Grignard  reaction  and  converted  into  the 
corresponding  dibromide  by  a  sohition  of 
hydn)gen  bromide  in  glacial  acetic  acid.  Tho 
tetraphenyl-/)-xylyleno  dibromide  is  dissolved 
in  00  times  its  weight  of  benzene  and  boiled  in 
the  dark  for  20  hours  with  1^  timea  its  weight 
of  molecular  silver. 

(C,Il6),CBrC,H4-CBr(C,H4),-f2Ag 

=2.\gBr+(C,H,),C:C.IT,:C(C,H,)r 

The  solution  is  filtere*!  hot  antl  frozen.  On 
aUowing  the  benzene  to  melt,  a  residue  of  the 
quinonoid  hydrocarbon  is  left ;  less  puro 
material  is  contained  in  tho  mother-liquor. 
The  substance  i.s  ery8talli»ed  in  absence  of  light 
and  air  from  iK  trnl.-um  of  b.p.  lOOMSC  (Thiele 
and  BaUiom,  Ber.  1904,  37,  1469). 

(ii.)  Tetraphenylquinodimethane  is  formed 
when  tlie  mono-/B-lactone  obtained  from  di* 
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Elionylketenc  and  qui  none  is  heated  in  a  liigh 
oiling-point  solvent. 


(C.H,),C-CO  (C.H,),C!^0 


2 


mm 

O 


(C,1I,},G-^ 


-  V 

(iii.)  A  better  way  ia  to  add  an  excess  of 
diphenylketene  to  »  mlution  of  quinone  in 
pftmloum  ether.  On  standing  for  a  day,  the 
di-/3-lactoQe  decompones  spoDtaneously  (Stau- 
dfnger,  Ber.  1906,  41»  1355). 
O  (C.H,)jC— CO 


II  II 

\  / 

i, 


+  2(C«H|)sC:CtOB 


V? 

(C.H,),C-CO 

il 

/    =2C0,  +  ( 


(C,H,),C 

A  modified  method  consinU  in  fnaing  di- 
phenylkctcncquiiiolinc  with  the  necpssary  qui- 
none in  an  ntiuosphcre  of  carbon  dioxide 
(SUndinger  and  Benm,  Annalen,  1911,  880, 
343). 

(iv.)  Hydrogen  ehloride  may  be  removed 
from  oorapounoe  of  the  t  \  jx  <,f  p-benzhj'dryltri- 
phoaylohloromethane  oii  boiliae  with  xyl^e 
and  quinoline  ('I\M»hiteehibabIn,  JBer.  1908,  41, 

2770). 

(C,HJ,CClC,H,CH(C.H,),+r,H,N 

Dibenzaldihydroanthraeeiu  h  obtained  by 
eliminating  hydrogen  bromide  Irom  bromodl- 
bensylaathnoene  (Lippmann  and  I<>itsch, 
Mbnatah,  1904,  25.  7t)3). 


I     I  I 


CH,-C,H,  CHC.H, 
Tetraphenylquinodimethane  formn  shining 

needles  of  thf  colour  of  ix>\vdcred  jxitaH.^ium 
diohromate ;  m.p.  239*-242*  (Thiele  and  Bal- 
horn),  240*  (TschitechibaWn),  240*-842*  (Stau- 

dincrr).  Difficultly  soluble  in  all  solvents  ;  (he 
Kuluiions  are  intensely  yellow  or  oransfo 


supposes  the  colour  of  the  compound  may  be 
explaiiictl  by  tJie  existence  of  doable  carbonium 
linkages  (Her.  1905,  3».  57»). 

The  following  similar  qninouoid  eomponndt 
have  been  obtained. 

;>-BromotetnphenyiquInodliiMaia]ie,  nun. 

257''-269**  Tschitschihal  [r,. 

Triphenyl-p-tolyiqulnodinieihaiie,  la.p.  197°, 
Tschitschibabin. 

TriplMnyi-o-iuinhtbylaaiiiodimaUuuie.  m.p. 
S40»-241%Ttohitsohibabln. 

Tetraphenyltoluqulnodlmethain^  nup.  200^- 

210*.  St«u<linger  and  Bereza. 

TetraphenylchlorotolaquinodiiiieflHNW,  m.p. 

in  j^^i'OiV.  Staudinger  and  I?  rr  :  rt 

Tetraphenyl-  m  -  dicblotoioiuquinodimeihane, 
ni.]).  225°,  Staudinger  and  Bereza. 

Tetraphenyl  •  p  •  xyloqidno  •2:6 
m.p.  200°,  Staudinger. 

Tetraphenyl-a-naphtb( 
262°-263°,  Staudinger. 

DIplMnylanthraquhiodlmafhane,  n^.p 

230°.  Lii>|niuwm  and  Fritach. 

Tetraphenyldiphenoquinodimetliane 
(C,H,),C:C,H.:(.VJ,:C(C.II,),. 
By  the  action  of  iin  tals  (/ino, diver,  oonper,  fte.} 
on  solutions  of  the  dichloro-compound 

(C,H,),CCIC,U4C,H4-CC1(C,H,),. 
The  aolutlon  acquires  the  colour  of  perman- 

ganatr.  On  cvajiorat ion  of  the  solvent,  tho 
hydrooarbun  i.s  left  uh  &  violet  jiowder  which,  in 
a  moist  eomiition,  absorbs  oxvgen  rapidly 
(TschitBchibabin,  Ber.  10O7,  40.  1818). 

P.m-ne,  as  will  be  seen  from  lU  structure 
(i;.  «.),  must  be  classed  as  a  quinonoid  hydro- 
carbon;  and  quinonoid  formula)  have  been 
suggested  for  the  eo-ealled  *  triphenylraethyl ' 
obtained  by  GomlxT;^  by  tin-  action  of  inctals 
on  triuhenylmcthyl  chloride.  Hoiutschel  (Ber. 
1903,  36, 320, 579)  has  suggested  the  atmetute 

H  H 


ni*p. 
234*- 


:C(C,H,), 


whilst  Jaoohson  {ibid.  1905,  38,  196)  thinks  most 
of  the  reactions  of  the  auhetanee  agree  with  tho 
formula 

Qombeig  suppoaea  tJbat  Uie  struoturea 


11 

arc  tautomeric  (Ber.  1907,  40,  1881). 

Amongst  many  papers  dealing  with  the 
structure  of  '  (riphenylmelhv),'  tlic  following 
may  be  coa.sulled  :  Tschitsthil^abiu  (Ber.  1907, 
40.  1810.  3056);  Schlenk,  Mair  and  Bornbanlt 
{ibid.  1911.  44,  1169);  VVieland  (Annnlen,  1911, 
381,  200  ;  Ber.  1911.  44,  2250,  2557).  Wicbind's 
discovery  tliat  the  jx-roxido  of  triphcnjimethyl 
gives  tetraphenyldiphcnoxyethniic. 

(C.H  j),(C,H,0)C-C{OC,H  j)(C,H  5)t, 


.    „  ,     in  colour  j  •  —  -•—«-/ - 

and  show  strong  gold  colourtd  liuon  sccnce.  |  seein.s  to  be  important. 
The  colour  of  the  solutions  fades  quickly  on 
exposure  to  light.    Bromine  is  added  iiiHuc- 

di.if.  !\    ami   io<iine  liljeralwl  from   hvdn.gen    tyjx-s,  O  :  C  :  <  ;,H/:  CfO.  (CleH5)iC:C«H4:  f  :  O. 


Thv  attempts  of  Staudiiif  t  and  Clar  (Ber. 
lull,  44.  1623)  to  prepare  quinuketenca  of  IIh; 


iodide  in  carbon  tetrachloride  aoiution. '  Baeycr  j  and  t>:C;C«U«:C';<JtH4:C^Q,  proved  unsuccessful : 
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a  snbstance  is,  however,  known  to  which  a 
quiaomonoketene  structure,  viz. : — 

CO  GO|C.Hs 

HO  .^li-OH  HO/NOH 
CJIfifii^  NH  l^COAH, 

6  OH 
has  been  ascribed  (Leucha  and  Theodorescu, 
Ber.  1910,  43,  1239). 

HitMiQuiNolD  Compounds, 
Several   compounds   already   rafeired  to 
contain  a  grouping  wliich  can  Fx;  flcscribc<l  a.s 
hemiqainonold.  c^io-hexadieno  ring  is 

intact  bnt  the  earbonyl  group  (or  its  equivalent 
"-,C  :  N— ,  '">C:  C<^  )  is  only  founfl  once,  the 
other  carbonyl  group  being  repreiient«d  by  a 
carbon  atom  attadMdf to  two  monovatent  ladidet 

R  R' 


I  The  oarbinol  hotea  a  molecule  of  water  w  hen 
I  shaken  for  20  mhratea  with  10  p.c.  sulphuric 
acid  and  ice.  The  retatting  1  :  l-dimcthyl-4. 
nuth}  lene-cyc/o-A-'  ^-hexadieno  is  extracted 
with  ether,  the  ethereal  extract  dried  over 
calcium  chloride  and  distilled  utultr  reduced 
pressure :  b.p.  50°  at  23  mm. ;  unstable.  The 
moleovhr  lefraetion  uid  dispenloii  aie  ter 
hiLhrr  than  for  the  isomeric  oenwsncld  com- 
pounds (meaitylene,  pscudo-cumene  and  methyl- 
ethylbeniene). 

Other  papers  by  Auwers  on  compounds  of 
*  semibcnzeuc  '  type  may  be  referred  to  (Ber. 
1!>03.  3G,  1861,  3902;  1905,  38,  1697;  1906, 
39,  3748;  Annalen,  1907,  352.  219.  273.  288; 
Ber.  1910,  43,  3094;  1911,  44,  588.  788,  IBM, 
3879). 


h 

V 

QoIiioinU, 


V 

c 

•cl  >c- 
6 

n 

HtaiiiqiiliuNMld. 


arDBOCARBOHS. 

Instead  of  the  term  '  hriniquiiionold,'  Auwers 
refers  to  compuuuds  of  tliia  typo  as  *8cmi- 
benzcnold.'  The  parent  substance  of  the  group 
would  \ye  a  hydrocarbon  of  structure  (1).  It  is 
probably  incapable  of  existence,  and  any  re- 
actions <lcvist  (.l  for  obtaiiiitiL,'  it  would  MBttlt  in 
the  pKoduction  of  toluene  (IL). 


C 


A 

H  K 

(I.)  (IT.) 

A  dimethyl  derivative  shows  sufficient 
ataUlity  for  isolation  (Auwen  and  K.  Mailer, 
Ber.  1911,  44,  1595). 

I :  i  -Dimettayl-i-inttliykiM  ci/elo-  A-'^-heju^ 
dlene  C.H^,  or  _ 

A  hemiquinonold  ketone  of  tiie  atruobnra 

is  prepared  by  the  action  of  chloroform  and 
fiodium  hydroxide  on  p-cn.sul  (li^  r,  llKJo.  38, 
1705).  This  reacts  normally  with  magnesium 
methyliodidc,  yielding  a  earbmol  wliioh  need  not 
be  iv>lr»tcd  Ixforo  reduction  in  moist  other- 
ftloohol  solution  to  trimethyl-^i!o-hcxadiene-ol 
(oolonrieas  needle*,  ni.p.  43"-l4*). 

CH,  OH-  CH,  OH' 
OH  ?  \  V/ 

/\  _      _^  A 

\^    y  X 


If  Iho  idea  of  kcto-cnolic  tautomerism  is 
extended  to  the  phenols,  each  hydroxy-deriva- 
ttve  of  beoMne  oonesponds  to  two  ketoeyrto- 
hexadieneB 


•  1 


5h 


oH  5 

In  the  case  of  phenol  and  its  simpler  deriva- 
tives, the  possibility  of  isolating  de8Du*tr<ii>i( 
forms  appears  to  be  remote,  the  tribromo phenol 
bromide  CHjOBr^,  obtained  by  adding  strong 
bromine  water  to  a  solution  of  phenol  in  600- 
1000  parts  of  water,  and  to  which  Benedikt 
(Annefea,  1819.  199,  1S8;  Monatah.  1880,  1. 
360)  aminiffl*  Ibf^  constitution 

2:4:6-C,HsBrvOBr ; 
is  alnort  eertolnly  to  be  formulated  «■ 

Br 

(Thielo  and  Eiohwode.  Ber.  1000,  33,  673),  for 
on  digestion  with  lead  acetate  in  acetic  acid, 
2  :  6-dibromoquinono  is  produced.  It  lias  iMcn 
suggested  that  mineral  acids  and  ])hcnoi8  yield 
oxoninni  salts  derived  from  the  ketonio  form 
(Chem.  Soo.  Ttam.  1904,  85,  1229);  e^. 

The  horaologues  of  phenol  when  treated 
with  an  excess  of  halogen,  yield  products  in- 
soluble m  alkali  (Auwers,  Ber.  1896,  28,  2888. 
2902,  2910;  Zincke,  ibid,  3121).  To  the 
I  •  pseudophenols,'  the  structure  of  true  phenols 
(I)  or  of  the  deemotropio  ketones  (II) 

CH.X 

T    •      •  "\  r 

cH,x        -v  r 


OH 


0  " 


OH 
HCH«X 


O 


may  bo  assigned  ;  mere  insolubility  in  alkali  is 
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not  a  suflioient  argument  to  deoidc  in  favour  oL 
the  katonio  BtraotuiQ. 


PSKUiX)QUmOLS. 

In  the  case  of  the  pseudoquinols  ('  chinole,' 
Bamberger),  the  hemiquinonold  structure  is 
neceesanr,  the  jk>weet  member  of  these  bomO' 
logues  Of  quinol  has  the  constitution 

GH,  OR* 

}< 

5 

The  Tint  monocychc  if<-quinoI  wag  obtained 
by  Zinckc  (Ber.  1896.  28.  3121).  tctrachloro-p- 
crcMol  whcTi  trcatfd  with  nitric  ncid  ndds  an 
atom  of  oxygen ;  t  he  <j/-quinol  thus  produced 
vegeneimtw  tetnohloto-|)-oTC«ol  on  zednotion* 


QUmONES. 

iicid  was  to  remove  tlie  elements  of  water  with 
production  of  an  '  aryl-imide,*  Ar*N<.tliat  this 

adils  water  givinp  nn  'imidodienol'  whiob  tben 
rearranges  itself  to  a  p-aminophcnol 

H  OH 


OH 


CH,OH 


b 


The  conversion  of  the  js-substituttd  phenol 
to  pseudoquinol  may  Ik-  explained  by  (i.)  addition 
of  the  elementa  of  nitric  aoidp  (ii.)  eliinination  of 
vrtter  with  prodnotion  of  m  nitxolDetone  (quini' 
trol),  (iii.)  hydrolysis  of  the  quinitrol 


ripr 
I 


CH,  NO, 

X 

•v  >• 

HU  Uil 


CH,  NO, 


GHgOH 

X 


lu  many  G&sea  quinitrola  have  been  isolated* 

The  discovery  of  the  halogen-free  paeudo- 
quinols  rt'^ulttd  from  crpcrimcnts  (T?/iinb«'rger, 
Ber.  VJOO,  33,  3tM>0)  made  m  order  to  explain  the 
mechanism  of  the  reMtkm  in  which  /S-phenyl- 
hjrdroxylamine  is  isomerised  by  sulphuric  ai  id 
to  p-aminophenol  (Bamberger,  ibid.  1894,  27, 
1310,  1552;  Wobl,  thid.  ir,U).  Similar  re- 
actions were  observed  in  cases  where  the  p- 
poeitioti  to  the  hydroxylamino-group  vtm  tin- 
oecnpied  ;  with  a  T/  lialosrcn  atom  derivatives 
of  o-aminophenol  were  ubtaiued,  and  even  in 
liie  case  of  hydrozvlaminobcnzene  itielf,  o- 
aminophenol  in  i)r(M!ueed  by  the  aetion  of 
alcoholic  sulphuric  acid 

OH 


! 


NUOH 


OH 


It  should  be  nifntioned  that  with  alcoholic 
sulphuric  acid,  jo-phenetidino  is  formed  tmder 
certain  conditions  (Bamberger  and  Lagutt,  Ber. 
1898,  31,  161K)).  Bambpr::er  a=:sumr(t  that  in 
the  ordinary  reaction  the  ikai  aciiuu  of  sulphuric 


NHOH 


I 

■  .  / 
N 

A 


V 

•a 

NH 


OH 

I  ) 
NHi 


If  such  a  i8-aryIhydroxyIaniiiio  be  alkA'l 
Bubstituted  in  the  para  position  to  the  hydroxy I- 
amino-grou])  the  last  atege  is  evidently  im- 
possible, but  the  imino  group  will  be  hydrolyaed 

by  the  acid  and  a  pseudoquinol  result 

CH  PH  OH    CH,  OH 

f'     ^'  .V  "V 


N 

A 


(Bonibeiger.  Ber.  1900,  33,  3600 ;  1901,  34,  61 ; 
1912,  390,  131 ;  Ziiicke,  ibid.  253). 

The  continued  action  of  dilute  aulpburic  aoid 
on  the  pseudo-quinol  oaoaea  iaonerisation 


CH,  OH 


OH 


O 


The  reaction  takes  place  very  b1()\\1\  in  the  cold, 
rofirc  rapidly  on  warming.  'Possibly  the  action 
of  the  hprdracids  on  qainone  is  to  be  es^ained 
in  a  sbnilar  manner. 

0  y 


\ 


o 


o 


OH 


Flieadoqiiuiols  ate  afeo  obtained  by  the  action 
of  Griinifird'g  reagents  on  i)ninone«  (Bamheimr 
and  Blaugey,  Ber.  1903,  36,  1625). 


(i.)  Til. 
water  and 


hydra /ones  of  the  ^.qtuni^  loBO 
L;ive  azo-  compounds. 


»J>C.H«:0-»  ^^>C,H, :  N  NH  R 

->CH,-C,H,-NjN»» 

(Bamberger,        1902,  36,  1424). 

(ii.)  By  rednetion.  phenols  are  ofatahied. 

(iii.)  With  alcoliolie  stiliihurle  acid,  deriva- 
tives of  quinol  and  resorcinol  are  obtained,  tjg, 
xylo-\^-quinol  gives  a  mixture  of  the  moao- 
ethyl  etiu  r  • .{ p-xyloquinoland  the  diethyl  ether 
of  m-xylonm. 

CH.OH 

OCjH,        V  CH. 

/CH,"  (;H, 
>H 


O 


C.H.O^ 
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(iv.)  Pheudoquinols  with  the  group  CH,Br 
lose  hydrogeu  balide  on  treatment  with  so<1a 

CH,Br  OH 


.'I 


V 
o 


GEr,-0 

X 


MethyH-qnlnol  gQ'>C,U,  :0.  The  pro- 

dact  of  the  transformntion  o(  tiua  compound, 
homoquinol  (  ,5H3(('H3)(OH)t  «M  obtained  bv 
the  action  of  dilute  :-ul[)iiiiric  acid  on  p-hydroxyl- 
aminotoluene  (Bamberger,  FcstAchrift  Zurich, 
1896,  H.  nV).  The  i(>-quiDol  was  subsequently 
iaolatcfl,  itq  rcnctions  with  hydrazines  are  de- 
ecriUxi  by  Bamberger  at  a  later  date  (Ber.  1902, 
35.  1426);  m.p.  76<»-76"  (AmMlen,  1918»  990, 

Tctrachloro-methyl-i^-quinol  £o'>^«^^«  '•  ^■ 

by  oxidation  of  tetraohloro-2»-cxe8ol  with  warm 
nitrio  Mid.  Gives  an  oeefwf  dcntafiw  (Zfaicke, 
Ber.  1896^  28.  3122).  Gold  nitrio  acid  yields  a 

wlro  I  done  ^p>CA:0  (Znadte,  ibid.  1901, 

34,  268). 

Trlbromo  methyl  ii'-quinol  jj"»>C,HBr3 : 0, 

nup.  )-2^°,  'f'^fvl  <ffrimtive,  m.p.  127''-128**. 

Tetrabromo  methyl  \f  qulnol  j^Q*>C,Br4 :  O, 
m.p.  20Ci°  ;  aretyl  deriuiiivc,  m.p.  IVS^-HO ; 
nUro-hrlom  ^Qp^C^Br^ :  O  (Zincke,  Ber,  1901, 
34,2o8). 

2 : 4.DlmetIiyl-f -quinol  ^hJ5>C,H,(CH,)  :  0. 

the  MtioB  <A  s  nixtara  of  1  part  oonaen- 

trat<H>  aulphurio  acid  and  20  parts  of  water  on 
2  parts  of  m-xylylhy<lrox}damine 

(:NUOH:CHj:CHa=l  :2  4). 

Tlie  nu'xing  is  eA»oted  at  18*,  the  reaetion 

ct.ntinue8  8-10  days  at  ui  vessels  filled 

with  oarbon  dioxide.  Filter  from  precipitate, 
extract  the  latter  with  boiling  water,  add 

washings  to  liltratr,  acidify  the  liquid  with  a 
mixture  of  4  grms.  sulphuric  acid  and  4  grim,  of 
water  and  extract  .'i  i  (iO  times  wth  ether.  Dry 
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from  fr/7/romr)-;/i-xylenoI  and  nitric  aoid,  in.p* 
176*  (Ziiickc,  Ber.  1901,  34,  258). 

Tribromo-ethyl-4'-4ainol  ^Q*>C«UBr, :  0^ 
m.p.  105^. 

Tetrabromo-ethyl-^-qulnol    j|Q'>0«Br4 : 0 

(Zincke,  l.r.). 

2:4: 6-Trimethyl<4<fiiliiol 

^^J>C.H^CH,),sO. 

From  mesitylhydroxylamine.  m.p.  45*8*-46*, 
Benzoyl  dcrivalii-e,  m.p.  128  5**  (Bambeiger  and 
Rising,  Ber.  1900,  33,  303G). 

Hemiaoinonold  formula  have  been  assigned 
to  seveni  olaiaea  of  oompounds.  HcinteoDorB 
and  Jaoobaoii*s  fbrmnln  tor  *triphenylmethyl' 
are  of  this  tjrpe  as  are  nho  the  fornnila'  proposed 
by  Cain  and  Morgan  for  tho  aromatic  diaaomum 
salte. 

Papers  rdaiing  io  \fi'guinol8,  y^-bramides  and 
qtUnUniit. 

Auwers  and  co-workers :  1896,  Bor.  28, 
2888,  2902,  2910;  1896,  ibid.  29.  1095,  11  JO, 
1120,  1129.  232<».  2348 ;  1897.  ihid.  W,  744.  753. 
755  ;  1898,  Ann.ilt-n.  301.  20.1.  2<)(j ;  .302,  76,  99. 
107,  131;  Ber.  1899.  32,  2<t78.  3<M)5.  3016,  3034, 
3273,  3281,  3207.  3309.  3317.  3440.  3454.  .3466, 
3476,  3583,  3687.  3698 ;  1901.  ibid.  34,  4266. 
4267;  1902,  ibid.  35.  114,  124,  131,  144.  426, 
443,  455,  4G5,  4207  ;  1903.  ibid.  30,  ISfil,  1878  ; 
1904,  Aunalen,  334,  2U ;  1906,  Ber.  38,  1693, 
3302 ;  1906^  Aimalen,  344,  93,  141,  171,  194, 
227.  25T, 

liiuiiberger  and  co-workers :  1900,  Ber. 
33.  3GW.  3023,  3(536,  3642  ;  1902.  ibid.  35,  1424, 
3886;  1903,  t6i(i.  36,  2028  ;  1907,  t&tii.  40. 1893, 

1906,  1908,  1918,  1932.  1949.  1966. 

Fries  and  co-workers  :   1  hhj^  iJer,  39,  435; 

1907,  Annalen,  363,  325 ;  1908,  Ber.  41,  2614 ; 
1969.  ibid.  42,  8378,  3381. 

Sfrphjini:  Ber.  1901,34,4283. 
Zmcke  and  co-workers  :  1895,  Ber.  28.  3121 ; 
1897,  J.  pr.  Chem.  ii.  56.  167  ;  1898,  ibid.  ii.  68, 
441  ;  tf.if^.  ii.  CI.  561  ;  1901,  ibid.  ii.  63, 

183;  l'J02.  Annaku,  320.  145,  179,  199,  220; 
322,  174,  220  ;  325,  19.  44,  »)7  ;  1903,  ibid.  328, 


the  ethereal  extract  with  calcium  chloride,  distil  |  261 ;  330, 61 ;  1904,  ibid.  335,  157  ;  1905,  ibid. 
off  the  solyent,  remove  any  adhering  oil  from  |  338,  236  ;  341.  309,  355  :  343,  75,  100;  1906, 
the  residue  and  recrvstalli.^c  from  a  small  349.  07.  83,  99.  107  ;  350.  209  ;  IW)!,  ibid. 

.163,  357  ;  Ber.  40.  679 ;  1908,  Annalen,  362« 
201,  221;  1911.  ibid.  381.  28:  Ber.  44,  176; 
Annalcn,  1912p  888»  294;  394»  3. 

Q  UI2^  O OID  II  £ ARRANQ  E M  K  N  T . 

Under  this  heading,  the  linkage  chojigcs 
represented  aehematicallj  by 


quantity  of  boiling  water,  decolourising  with 
animal  charooaL  The  i^-quinol  separatee  as  a 
colourless  hydrate,  C,H,t,Oj„H  O.  yield  00  p.c. 
of  the  theoretical.   Colourlesit  rhombic  prii^ms, 
m.p.   73**-73-6**.   DifBculily  soluble  in  cold, 
eamly  in  boiling  water,  readily  soluble  in  organic 
solvents,  petroleum  ether  excepted.  Exhibits 
weak  acid  charaoter;   the  sodium  hydroxide 
solution  assumes  in  snooessioa  yeJJow,  Iwown, 
aod  violet-red  diades  if  air  be  aHoived  acoees.  ^ 
Ib  absence  of  air,  alkalis  elTect  i^omcrisation  to  *|[ 
^Xjfkxminol     (CH,:CH,:0H;0H-1:4:2;6),|  \/ 
ffnio  chloride  soon  produces  the  smdl  of  sylo* '  |'  fl 

qnimoiie.   Beiuoyl derivoHm  'will  be  considered.   The  rcaminRement  from 

GBL f.  ffrtr  \ .  n  ^  benzenold   to   quinonold  oonfiguratiou  will 

C^,00-O>^«***t^«'-"'  reoeiTC  most  attention  as  it  is  wvoreible.  Re- 

m.p.  72-5*-73"6"  (Bambeffgsr  and  Skady,  Ber.  fcrence  has  already  been  nuide  to  the  n^ump- 
1900,  33,  3642).  •  tion  that  ook>ured  organic  compounds  possess  a 
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qoinonold  straottue  {v.s,  thia  article  and  Chbo* 
MOPBOmes),  tlift  fini  stops  in  this  direction 
Mn^  undoubtedly  due  to  tho  researches  of 
Otto  and  Emil  Fiuchcr  on  the  d^'Ciitufis  of  the 
rosaniline  gioap  (Animlen.  1878,  194,  272). 
Coloured  pararosaniliiir  f<:i]t)  vi- Ids  a  colourless 
base  on  taatmciit  vvilii  aikuli  (A.  Roscnstiehl, 
Ann.  Chim.  Phya.  1876,  v.  8, 192),  tho  compound 
obtained  hy  the  action  of  potaaaium  cyanide  in 
aho  eolourlen  (H.  Mflller,  Zeitfich.  f.  Chem. 
1866,  2 ;  0.  and  E.  Fischer,  Aiinalcxi.  1878.  194, 
274),  and  ho  ia  the  paraieukaniliue  (aa  w4ll  aa 
its  salts  with  acida)  obtained  by  rednetion  (Hof- 
nann.  Jahrcsb.  1862,  349  ;  0.  and  E.  Fischer, 
Annalcn,  1878,  194*  268).  Paraiuu  knnilino  ia 
undoubtcdiv     triaminotriphenylmetlianc,     as     u-  v  •  t. 

proved  both  by  its  conversion  into  and  deriva>   ^'""^^  is,  however,  quinonold  in  type,  has  been 


and  tcrm.s  ihv  phenomt-non  of  (he  prodnetion  of 
a  coluuretl  twiit  fruiu  a  tjolourless  banc,  halo- 
cAromy  (Ber.  1905, 38, 1156).  Triphenyloarbinol 
itaeif  saves  coloured  Halts  for  which  a  quinonotd 
fonnuTa  Mas  proposed  (Norris  and  ^Sanders, 
Amor.  Clu-m.  J.  1901,  25,  54 ;  Kehrmanu  and 
Wontzel,  Ber.  1901,  34,  3815) :  to  this  Baeyer 
and  Villiger  objected  (Ber.  1902.  35, 1196).  The 
quinoniild  formula  was  resuscitatid  by  Gombtrg 
(tbid.  1UU7.  40,  1847)  but  again  attacked  by 
Baeyer  (ibid.  3083). 

Mother  '  carbon  i  urn '  structure^  vis* 
^(C.H.NH,), 


tion  from  triphenylmcthane ;  the  oyano-  ""ks^"^" 
derivative  is  triannnotriphenylacetonitrQei,  and  I  ^^90). 
the  ooburleea  paranwuiiline   ba^ie  may  be  '  ^^'^^         these  dyestufEfi  are  neutral 

assumed  to  have  the  oorrespondiug  structure '  however,  strongly  in  favour  of  tiie 


suggested  by  P.  Baker  (Chem,  Soo.  Trans,  1907, 


of  a  carbinol  (cf.  Hantz^ch  and  Osswald,  Ber 
1900,  33.  278).  In  the  case  of  aalt  formation, 
the  base  does  not  simply  add  one  or  more 
pqnivahnts  of  aci«l,  but  water  is  eliminated  at 
the  same  time ;  a  property  usually  found 
associated  with  ammonium  bases  with  trhidi 
the  paiaiosaniliDe  base  has  nothing  in  common, 
since  It  is  practically  insohible  in  water,  soluble 
in  orL^iinir  nlvcnt.s,  imd  has  not  the  strong 
nlkaUne  reaction  of  an  ammoniom  hydroxide. 
In  many  cases  the  colourless  earUnoI  bases  of 
tho  triphrnyl methane  ^roup  dissolve  in  cold 
dilute  acids  M'ith  very  little  colouration.  This, 
howover,  devdops  on  standing  or  warming, 
triie  relations  between  ba.ie  and  salt  can  be 
explained  by  the  following  scheme. 

Hd 


I  I  I  Soc.  'iia^l^ 


(C,H«-NH,), 


Both  altemativo  formulsQ  given  to  the  salt 
are  '  quinomid,'  the  Urst  corresponding  to  the 
peroxido  formula,  the  second  to  the  diketonc 
formula  of  quinone.  Contwpunding  relation- 
hhi|M  hold  between  the  rosaniline  base  and  tho 
salts  derived  from  it  (E.  and  O.  Fischer,  Ber. 
1880,  13.  2205;  Annalen,  1878,  194.  283)  and 
the  absorption  spectra  of  base  and  salts  was 
contrasted  by  Hartley  (Chem.  Soc  Trana.  1887. 
tfl,  165). 

Tho  discovery  of  tho  oxonium  salts  of 
dimethyl  pyrone  bv  Collie  and  Tickle  (Chtiu. 
Soc.  Trans.  1899,  75,  711)  led  Ba«^cr  and 
Villiger  to  a  study  of  the  basic  properties  of 
•ixvKcn  and  nltiroately  of  the  salts  of  triphejiyl- 
methane  derivatives  (Ber.  1901,  34,  2679,  3612 : 
1902.  35.  1189.  1201.  1764*  3013;  1903.  36, 
2774;  1904.  37.  607,  1183.  2848,  3191 ;  1905, 
39.  rm.  1 1^6).  Rosenstichl  had  ref^arded  paia> 
rosaniline  as  possessinc  ilu-  euastitutiou 

(NH,C,H,}3Cl— CI, 
and  Baeyer  proposed  a  carboniuni  structure  for 
the  triphenylmethane  colouring  mattir.^.  To 
represent  the  substance  aa  a  salt  iu  which  the 
halogen  is  ionisablo  and  is  not  in  ester  Oombina* 
tion  he  uses  a  different  symbol,  viz. 

(^•il,C,Hj,C  CI 


halogen  ]>i'ing  connected  with  nitrogen  rather 
than  carbon,  and  Baeyer'a  identilication  of 
HbmoUGa's  base  as  diaDinofttoluoine>imine, 

C(C,H,-NH,),{:C,H4:NH), 
is  favourable  to  a  quinonoid  structure  for  the 
salts  (Ber.  1004.  :n,  2869 ;  1905.  38,  681 ; 
oomimre  IL  Weil,  i6irf.  1896,  29,  1541,  2677  ; 
1900,  33.  3141,  and  v.  OeondevioSk  Monatah. 
1896,  17,  7;  1900,  21,  407;  Ber.  1800,  ^. 
2015).  The  transient  existence  of  a  strongly 
dissociated  ammonium  ba<>e  isomerio  with  tho 
nearly  neutral  *  pseudo-base  '  has  been  rendered 
probable  in  several  cases  (Hantzaoh  and  Kalb, 
Ber.  1899,  32,  3109). 

That  some  coloured  substances  are  un- 
doubtedly quinonold  in  structure,  and  that 
qoinonee  are  thenuelves  coloured,  has  bd  to 
an  attempt  ti,  !  present  all  coloured  ortranic 
substanceti  as  (ju monoid  {eee  especially  H.  E. 
Armstrong.  Chem.  Soc.  Proc.  1888,  4,  27  ;  1892, 
143.  18'J,  191 :  1890,  12,  42  :  (liora. 
IS.  1905,  87.  1272;  W.  N.  Hartley. 
Chem.  Soo.  Proc.  1892, 8, 188  {  Nietiki,  Oigam* 
ache  Farbstoffc). 

Thus  taking  some  of  the  more  important 
classes  of  coloured  substances,  instead  of  tho 
formula  originally  aaaisned  to  them,  quinonold 
formulas  may  be  substitnted.  The  aHemative 
fornnil.^  of  typical  compounds  arc  given  in 
|Niraikl  columns  in  the  table  at  top  of  p.  623. 

Beference  may  bo  made  to  tho  articles 
dealing  with  flu-.-e  classes  of  colouring  matters, 
i  and  the  evidence  for  and  against  quiuonuid 
rijarrangemcnt  taking  place  on  salt  formation 
I  will  alone  be  oonaidccea.  The  general  queatioa 
of  rearrangement  of  Knlmges  in  the  molecule  on 
salt  formation  has  been  d-  alt  with  by  Hnntzsch 
I  (references  given  under  Nilropltenols},  Docker 
(many  papers,  see  Ber.  1907,  40.  3818 :  1008. 
41.  30t>2;  Annalen,  190n.  301,  1),  Kchrmann 
(Ber.  1906,  39,  923) ;  Miirscheim  (Chem.  Hoc. 
TnoB.  1910,  07,  84). 

Nrr&oPUEKOLS, 

In  1892,  H.  E.  Armstrong  (Chem.  Soc.  Troe. 

^,  102)  expressed  the  opinion  that  o-nitro|>henol, 
being  yellow,  really  possesses  a  tautomerio 
formula  C«H4(:N02H)(:0)  and  suggested  the 
name  quinnuf  nrthonitroiitne.  7>-Nitniphenol  is, 
however,  colourless  ;  thu  couiititutiou  generally 
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Salts  of  nitrophenols  KO  CjH^  NO, 

Salts  of  mtroaopheqolB  KO-U.U^  NO 

Azophenols  C.H.NiNC.H^OH 

Hjwfaoxy-aldvlu  (h  s  and  ketonoH  C,H,  CO  C,H,(OH), 

NH 


Phtlialulns. 


Acridlnes. 


HO-C.HjCC.H^OH 
C.H.<Q>0 


0:C,H«:NOOK. 

C,H,-NH-N:C,H,:0 

C,H,C(OH):C,H,(OH),:0 

(CH,).N-C,H4C:C,H4:N(CH,),a 
NU« 

K0C,H4C:C,H«:0 


N 


C.H. 


NH 


assigned  to  this  oompoimd  vma  acrepted,  Init  | 

the  colonre<l  salts  were  regardcfl  as  qiiinonold. 
The  difference  of  volatility  in  a  current  of  steam  ; 
was  adduced  as  an  argument  favouring  a  oon-  { 
stitutionfil  difft-nncc  fctween  the  isomers;  in 
the  light  of  iiioru  recent  work,  the  non-aa«>ocia- 
tioa  of  the  molecules  of  the  ortho-  :uui  the  I 
assooialion  of  those  of  the  Pji^ra*  compound  j 
(Auwers,  Zeitsch.  phveikal.  Chem.  1893,  12.  { 
C8!J;   1804.  15.  33;  1895.  18,  695,  and  other  | 
papers);   Hewitt  and   Winmill  (Chem.   Sqc.  < 
Tfiias.  1007,  91.  441  i  Thole,  ibid.  1010,  97, 
2590)  may  account  for  the  difference  in  the 
vapour  pressures  of  the  two  stibstances  at.  100°. 
Armstrong   encounteied  diffionlty   with  rn- 
nitraniline ;    the  oompound  CftO   hardly  be 
quinonoid  ,  it  is  nevertheless  coloured,  although 
the  U-nznate  is  colourless. 

Meanwhile  Hantuch's  work  on  pseudo-acids 
had  appeared  and  afforded  considerable  support 
to  th«^  idea  that  acids  and  their  salts  are  fre- 
quently con.stitnted  in  a  different  manner  (Bcr. 
189»,  32.  575.  607.  628,  Ml,  3066,  3089.  3I0I, 
3137  ;  1901,  34.  3430  ;  1002,  35  210.  226,  266, 
1001,  2724;  1905,  3K,  1005,  1013.  1022,  2266, 
2326,  1906.  39,  139,  162.  1073.  1084,  1105, 
2098.  2472,  2478,  2703,  3072,  3080.  4153 ;  1907, 
40.  330.  1523.  1533.  1656,  4875;  1908.  41. 
1745;  1009.  42.  966.  986,  1000,  1007;  1010, 
43,  4S,  68.  82,  95,  1685;  1911.  44.  1783).  In 
the  ease  of  nitroform  and  ita  potaasittm  salt,  a 
good  case  was  made  out  f -r  tho  respective 
formula  (Hantzsch  and  Knikenl>crger.  Ikr. 
1809.  32,  028)CH(NO«),andC(NO:),(:NO  OK). 

Hantzsch  went  so  far  as  to  state  that  any 
colourlesi"  hydrogen  compound  which  gives 
coloured  ions  in  a  p?eudo-acid  ;  «>.  the  frt  <• 
hydrogen  oompound  and  its  salts  nosacss 
different  oonstitutions  (Ber.  1890,  32,  678). 

Other  obsnrvers  have  explniin  <1  anomalous 
results  in  the  selective  absorption  or  Uuoreiioooce 
of  nJUo-oompoiinds  by  usuming  the  change 

X(-NO,)(-OH)-»  X(:NO-OKK:0) 
(Chem.  Soc.  Tmns.  1900,  77,  1324 ;  1002.  61, 
899;  1006.  89,  19).  whilst  Baly,  Edwards  and 

Stewart  (Cheni.  Soc.  Tnin.-.  1900,  89.  511)  mn- 
eluded  from  a  i;uiiii>uri«>un  of  the  absorptmn 
apootra  of  p-nitrophrnol  and  its  podinm  salt  that 
*  the  tesidiial  affinity  of  the  oxygen  atoma  of 


the  nitro-group  exerts  insufficient  attraction 

for  tho  h\  (frogen  of  tho  free  nitrnphcnol  to  cause 
the  formation  of  the  quinonoid  form,  but  that 
when  the  hydrogen  is  replaced  by  the  more 
('lectro-|X>sitivc  sodium  ntrmi.  then  the  nttrac- 
tion  of  the  oxygen  atom  ih  Mitlicient  to  bring 
tho  sodium  over,  with  tho  formation  of  the 
quinonoid  form.'  A  similar  relationship  was 
assumed  in  the  case  of  orthonitrophenol  and 
its  sodium  salt,  whilst  tho  yellow  colour  of 
p-nitroaniline  was  explained  by  its  molecules 
existing  in  quinonoid  phi 


O 


I 

V. 


OH 


H  II 


Y 


H  H 

The  transitory  existenoe  of  a  meta>quinonoId 

linl.;:  vns  also  u.^sunied  to  account  for  tho 
phcivoiiuna  obtserved  with  m-nitroaniline  and 
m-n it ro phenol.  Baly  and  Tuck  mi  ij8cqiiently 
extended  their  vi«  'a-  K'hcni.  Soc.  Trans.  190(5, 
89,  982),  stating  tliai  tho  ]»henylhydrazono8  of 
tho  three  nitrobenzaldebjdes  exist  partly  or 
entirely  in  tho  quinonoid  form 

^g^N :  C.H4 :  C  t  H'JAU'C^g, 

whilst  p-nitro)ihrnylhydra7.Iiio  and  its  aeetono 
derivative  also  exit^t  in  the  quinonoid  forms 


and 


^g>N;  C.E4  :N-N:  C<CH,), 


(  1h  iiiieal  evidence  for  tho  assumed  change 
was  lacking  until  Uantzsch  and  Uorke  (Bcr. 
nK)6.  39,  1073)  showed  that  under  certain  con* 
ditiuUM  the  silver  >a]t.s  of  tlie  nitro-phem  U  yii  Id 
coloured  oct-estcrs  on  reacting  with  aLkyl 
halides.  These  compounds  are  extremely  labifr. 
are  readilv  hvf!ro!y-td  and  iinderjo  t<pon- 
taneou.s  chang'  mtu  the  nearly  or  quite  eolour- 
les.s  nitroaryl-alkyl  ethers.  Hnntzseh  states 
that  their  coiour  points  to  quinonoid  structure: 
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cortaitily  tho  case  with  which  they  are  hydro- 
lyscii  is  very  distinct  evidence  in  favour  of  the 
grouping:  No  <>  Alkyl ;  in  thia  case  the  con- 
stitution of  the  methyl  dehvaiivo  ot  o>nitio- 
phenol  must  bo  represented  hj  the.  stmoliire 

O  :  L\n^  :  NO  OCH3  or  U  C.U.  N^O  OCirj 

Aa  this  compound  is  deep  red  and  the  isomeric 
o>nitKMUiiMle  practioally  odoadeis,  grounds 
exist  for  assigning  the  structure 

O  :  C,H,  NO-OK 

to  the  red  potassium  salt  of  o-nitropheno!. 
Similar  observations  were  made  with  regard  to 
the  (ici-cthyl  ethers  of  2:4-  and  3  :  4-(liiiitro- 
phenuls  and  uf  2  :  4  :  U-trinitrophcuol.  liaiitzsch 
<Ber.  1900.  39,  1102)  dr&wa  attention  to  the 
small  affinity  constant  of  2  :  4 :  6-trichlorophenol 
(2*8xl0-«,  Walker,  Zeitsch.  physikal.  Chem. 
1900,  32,  137)  in  roniparison  with  trinitro])hcm)I 
(0'0161,  Itothmund  and  Druker,  ibid.  1903.  4t>, 
SXl)  which  points  to  dissimikr  stroetniee  for 

the  nentivc  ionn.  romparinnn  of  the  light 
absorptlOa  and  electric  conductivity  of  solutions 
of  nitrophenob  points  generally  to  a  very  low 
oonoentration  of  the  second  term  in  the  equili* 
Iwitim  equation 

X(-NO,)(OH)   ^  X(:NO.H)(:0) 
^X(:O)(:NO,0'+H' 
i.e.  the  aci-  forms  of  2 :  l-dinitrophonol  and 


red  thallium  picrates.  These  observations  havo 
been  further  extended  by  Hantzsch,  who  suggest* 
stereoisomerism  M  A  posnble  eiii]Miatioii(Ber. 
1907,  40,  330). 

H.  Kauffmaim  (Znaammenhang  Zwisdien 
Farhe  und  Constitution,  Ahren's  Sammlnn^, 
1904.  Knke,  iSluttgart)  has  strongly  objected  to 
tiio  liyiMthesis  of  *  quinonoTd  transformation* 
the  alteration  from  practically  colourlcBS  nitro- 
benzene to  coloured  metallic  nitrophenolato 
being  attributed  to  the  auxochromic  action  of 
the  metabzyl  group.  Kaufifmann  has  drawn 
partieuhtr  attention  to  the  yellow  ooloor  of 
the  dimethyl  ether  of  nitroquinol  Mhich  can- 
not bo  other  than  C,H,(0CH,)2N0^,  hence 
a  certain  amount  of  auxochromic  influence 
nnist  bo  attributed  to  the  methoxyl  proup 
whilst  qniiiotioid  transformation  is,  in  thi.s  case, 
excluded  (Ber.  mm.  39,  1959,  2722,  4237  ;  1907. 
40.  843,  2338,  2341,  2352;  1908,  41,  4396, 
4413,4422;  1910,43,1214:  compare  Hantzsch, 
Ber.  1907»  40,  1506^  1672,  8036;  1906.  41, 
1216). 

whilst  Baly  in  his  earlier  papers  {v.«.)  attri- 
buted the  difference  li<'twten  tlie  alihorpf ion 
spectra  of  the  nitrophenols  and  thi  ir  salts  to  a 
nidical  change  in  constitution,  he  has  subse- 
quently almndoned  this  \u-\v  (J^aly.  Tuck  and 
Marsden,  Cheni.  Sue.  Trans.  I'.tlO,  Si7,  .■j71).  it 
is  stated  that  {l.c.  fi88)  *  the  shape  of  the  absorp- 
tion curve  of  quinone  and  those  of  the  nitro- 

.^—.^.i.     1—   ji  ■»  


2  : 4: 6-trinitrophenol  undergo  practically  com-  compounds  is  quite  dilKwent.   It  therefore 


plete  dissociation  {  possibly  in  the  case  of  o 
nitrophcnol  a  measurable  amount  of  non- 
ionised  aci-  form  exists  in  aqueous  solution. 

Hantzsch  (Ber.  IIKXI.  ;J9,  3080)  has  developed 
similar  views  with  regard  to  the  hydroxy-alde- 
hydee  and  hydroxy-ketonee.  Many  oases  exist 
in  which  colourless  compounds  of  these  types 
give  coloured  salts.  Hantzsch  assumes  that  the 
phenolic  compounds  give  rise  to  quinonoTd  salts, 
e.g.  in  the  case  of  salicylaldehyde  and  its  potas- 
sium salt,  the  following  formula)  are  adopted 

^'6H«<cH0  ^'•^«  CHOK 

Whilst  no  inherent  difl&culty  prascnts  itself 
in  accepting  quinonoTd  formuln  for  the  ooloured 
alkaline  salts  of  o-  and  7>-nitrophenol8,  the  fact 
tliat  m-nitrophenol  also  gives  rise  to  coloured 
salts  must  b»  taken  into  account.  Hantzsch 


(Ber.  1906, 39, 1096 ;  1907, 40, 330) 
formule  as 


snoh 


HOOH  '  T&OOVL 

to  the  salts,  although  w-quinoru-s  luive  not  so 
far  been  isolated.  8omo  interest  attaches  to 
substitutetl  plu  iKds  such  as  the  2 : 4-dinitro- 
and  2:4:  <j-trinil rn-derivativcs.  The  salts  and 
i«)ns  nuiy  be  ol  either  o-  or  p-quinonojd  tyix;. 
Hantzsch  considers  the  ^)-tyjje  is  usuidi^  pre- 
ferred :  comparisons  of  the*  absorption  spectra 
of  alkaline  aolatkms  of  these  compounds  ynih 
the  salts  of^o»  and  2>-mononitn»iih(  ii<)Is  Mipports 


seems  in  the  highest  degree  improbable  that  the 
i  shift  in  the  absorption  bands,  which  takes  place 
without  any  cliange  in  type  when  the  nitro- 
phenols are  convert*'*!  into  their  sodium  salts, 
is  due  to  a  radical  change  of  structure,  is 
demanded  by  the  quinonoid  hypothesis.* 

Whether  quinone  and  its  '  nitrtjximc '  (i.e. 
ac I -p-nitrophenol)  would  exhibit  curves  of  the 
same  type  is  unknown.  It  would  certainly  be 
interesting  in  this  connection  to  determine  the 
absorption  spectrum  of  the  quinonoid  saHs 
C,H4(:  NOOM)j  obtained  by  partial  reduction 
of  o-  and  p-dinitro benzenes  (Meisenheimer,  Ber. 
1903,  36,  4174;  Meisenheimer  and  Patzig. 
ibid.  IflOti.  2r)2r)).  The  constitution  of  sudl 
salts  can  hardly  be  other  than  quinonoid. 

Hautzsch's  discovery  of  a  second  series  of 
deeply  coloured  easily  nydro^ysable  alkyl  deri- 
vatives of  the  nitrophenols  certain  ly  points  to  a 
constitution  cf  nitrophenolate  ions  differiriL' 
from  that  of  the  nitrophenols,  and  it  is  difiicult 
to  see  why  an  ion  NO|X*0'  should  be  far  more 
negative  in  character  than  Cl-X-O'  when  one 
compares  the  ions,  NO,'  and  CI',  themselves. 
Ifoieover,  the  NO.^  group  has  different  chemical 
properties  when  it  is  attached  to  radicles  such 
as  CfgH^'CgHj-OCH,.  &c.,  and  when  it  is  ])resent 
in  n  .sodium  nitroiiln  nolate.  In  the  former  ease, 
warming  with  sooium  mcthoxide  solution  yields 
an  asoxy-oompound  with  ease;  in  the  Iatt«»>  case 
the  transformation  seems  imjxissible.  On  the 
other  hand,  the  nitroj)hennls  in  ammoniacal 
solution  ar<'  nduced  to  amino])henol8  with  great 
readiness  in  the  cold.  Even  if  the  mechanism 
of  these  redurtion  processes  is  not  fully  under- 
stood, the  difh  rt  iit  course  of  the  reaction  with 


this  view  (Buttle  and  Hewitt,  Chem.  boc.  Trans.  |  compounds  of  the  two  classes  (nitro-compounda 
1909,  95,  1766).   In  some  eases,  two  isomeric  and  salts  of  nitro-phenols)  points  to  a  diffnenee 


salts  can  be  obtained.    Rnbe  (Zeitsch.  phvsikal. 
Chem.  1901,  38,  175)  ha.s  described  yellow  and  , 


in  eliemioal  constitution. 

Another  case  of  a  nitro-compouud  furnishing 
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hitmscly  coluurt-d  .salts  Ls  affunlcd  by  hoxanilro- 
(Upheaylanune,  the  ammonium  salt  of  whioh 
wms  at  one  time  employefl  as  a  dyestuff  under 
tho  name  of  *  aurantia.'  The  probability  of  tho 
Balta  having  a  quiiioiiold  struct uru  increased 
by  tho  isolation  of  a  v  1  i  in-other  (Hantzsch 
and  Opolflki,  Bor.  1W8.  41.  17  i5) :  whilst  further 
examples  might  bo  quoted  in  which  the  possi* 
bility  of  quinonold  rearrangeinoiit  of  nitro- 


C.  Schwarz,  1893:  B.  Pirpcnbrink,  1896; 
Hewitt  and  Popc%  Bcr.  18U7,  30,  1624)  behave 
towards  substituting  agents  M  if  they  were 
derivatives  of  quiiionc-hydratones  (Hewitt  and 
oo- workers,  Lc. ;  Hantzsch,  Ber.  1909.  42, 
2129 :  Fox,  Caiem.  Soc.  Trans.  1910,  97,  1337). 
Iforeovcr,  these  salts,  when  hydrol^Dcd  it-ith 
water,  freq[uently  yield  compounds  having  tho 
composition  of  one  or  two  molecules  of  the  a/o- 


oomiwiuidi  bM  been  suggested  {ste  Meldoia,  1  phenols  united  with  one  nx>lecule  of  water 
^  «~  ^      _  _  ^ —     (Hewitt.B«.  18W5, 28,  W;  Hewitt  Md  Pbpo. 

ibid.  1897,  30,  1624;  Farmer  and  Hantz.^oh, 
ibid.  1899,  32,  3089 :  Hantszch  and  Robertson, 
ibid.  1910, 43, 106).  Those  bydiatedoompoiinda* 
differ  markedly  in  colour  from  the  azophenols 
into  which  they  spontaneously  paiis  on  de- 
hydration. If  the  nydrates  be  considered  as 
the  pseudo*ba«e«  ooixeqponding  to  tho  salts 
with  ninst*!  adds,  their  dose  Tsbtionship  to 
tho  qultiono-hydrazones  i.s  rendered  ovitU-nt. 
For  the  salts  themselves,  ammonium,  oxonium, 
and  oarbonimn  ttnietnm  have  been  suggested, 
«.g. 


Ghem.  800.  Tnm.  1911,  99,  1286,  2035; 
Pfeeapcr,  ibid.  2094). 

Some  oaution  is,  however,  necessary,  as 
seveial  eases  have  been  observed  in  which 
halogen  derivatives  of  phenol  give  tvro  series  of 
salts,  one  coloured,  the  other  colourless  (Torrev 
and  Hunter,  Ber.  1907,  40,  4322;  J.  Amef. 
Chem.  Soc.  191 1,  33,  194;  Hantssoh  and 
Scholtze,  Bor.  1907,  40,  4876.  See  further 
papers  on  ChrornniMotnrn'.tm,  li.nif /.  i  li,  ihid. 
1910,  43,  lti62,  2001.  2572;  Biiimami,  ibid, 
mo,  43,  1651). 

Azo-CoMPorxDS. 

Oonsiderable  discussion  has  ariaen  with  re- 
gsrd  to  the  hydroxyaao*  eompoonds*  Imt  the 

aminoazo-  corniKmnds  have  not  received  tho 
same  amount  of  attention.  Tho  p-hydrozyazo- 
eonpounds  are  undoubtedly  phenolic  in  charac- 
ter ;  the  acyl  and  aryl  derivatives  have  their 
substituent  groups  attached  to  ox^-gen  and  not 
to  nitrogen.  Dilute  nitric  acid  and  bromine 
give  derivatives  which  from  the  positions 
assumed  by  the  nitro-  groups  or  bromine  atoms 
p:>int  din-ctly  to  tho  phen(dic  con.stitution  of 
the  original  azo-  compounds  (Hewitt  and  co- 
-worfcers,  Chem.  800.  Trans.  1900,  77.  99,  712, 
810;  1901.  79,  49.  166.  160,  1090;  Auwer.n  and 
Maim.  Ber.  1900,  33,  1312).    On  the  other  hand. 


H 


C^,NH-N:C.H4jO<JJ 


Thuks.  1900. 77,99. 
Fox  and  Hewitt, 
tm  1908. 93, 333; 
J  and  Hant7,.sch.Ber. 
(.  ]90y.  42,  2134. 

or  I F.   Baker.  Qiova, 
>  Soc.  l^ana.  1907. 
Q>C«H« :  U  ma  Cja^'OH.  I  91. 1490. 

The  ammonium  formula  is  negatived  by  the 
practical  identity  of  the  absorption  spectra  ot 
the  azophenols  and  tiieir  alkyl  ethers  in  nhteral 
acida,  i.e.  the  .-^alts  are  of  similar  type.  Reasons 
may  be  given  for  preferring  theoxonium  to  the 
carbonium  formula  (Fox  and  Hewitt,  Lc), 
,    ,   ,   ,  ,  ^        .     ,  The  leiationahips  existing  between  bcnzene- 

8   hydrol   behaves   towards   benzene  azophenol  and  its  derivatives  may  be  exhibited 
awj-a-naphthol  as  it  do^  towards  qumonoid    bv  tho  scheme  on  p.  52().  in  which  M-i metal 
compoimds.    Physico-chemical  examination  of    i=01^  SO4H,  &o.,  K»alkyl. 

' *  ■  *~  *  i      K  the  evidence  given  be  accepted,  it  "will  be 
''  seen  that  alkab's  favonr  a  phuiKilie.  acid.-  a 


the  p-hydroxyazo-  oompound.s  also  jx)int.s  to  a 
phenolic  fonnala.  We  may  cite  the  association 
obeerred  in  hydrocarbon  solvents  (Anwers  and 

Orton,  Zeitsch.  ])hvsikftl.  Chem.  1896,  21,  365; 
Auwets  and  Mann,  Ber.  1900.  33,  1308),  and 
the  close  simibrity  of  the  absorption  spectra  of 
the  azo-phenols  and  their  alkyl  ethers  (Tnek, 
Chem.  Soc.  Trans.  1907,  91,  449).  The  o- 
hydroxyazo- compounds  generally  exhibit  similar 
behaviour.  Discussion  has  arisen  with  regard 
to  the  spectroscopic  evidence.  Tuck  considering 
that  thi.H  favours  a  quinone-hydrazone  .structure 
(Lc  453).  whereas  Auwers  draws  an  opposite 


quinonold  structure.  The  mhs  of  the  amiuo- 
azc  com  pounds,  Aff.  C,H,N !  N-C^4«KHg, 
probably  possess  a  quinonold  structure 

C.H,NHN:C,H4:NH,a 
(HewHt.  Analyst,  I90S,  88,  85;  Ber.  1908,  41. 

1986;  Hantzsch,  Ber.  1908.  41,  1171,  1187, 
2435;  1909,  42,  2129;  Fox.  ibid.  1908,  41. 
1989;  Chem.  Soc.  Tr.«s>.  1910,  97,  1887). 

TMiilst  the  simpler  hydroxyazo-compounds 
and  their  alkaline  salts  utjually  give  solutions 
of  yellow  or  brown  colour,  the  p-nitro-arylazo- 


cooohurion  from  Taclt*8  speotrographio  measnre-    ,      ,     ^.      ,  . 
inents(Annalen.  19ns.  360, 11 ;  cf.  Auwers,  Ber.  !  P*ieno«»  W»"gh  givme  brown  «K>lutions  in 
40.  2164:   Annalen.  1911.  381.  oak,  ,  neatral_eol7ents,  yield  alfelme  salts  which  vary 


1907.  40.  2154;  Annalen,  1911,  381,  265; 
Chanrler  and  Fcneri,  Oassetta.  1918.  48.  ii. 
«!!) 

WTulst  tho  metal,  alkyl  nnd  aryl-derivativcii 
of  |i-hydroxyazo-  comjKmnds  an?  derived  from 
the^ienolio  forni.  the  salts  formed  with  mineral 
actds  in  which  the  azophenols  function  as  hasee 

(T>'pke,  Ber.  1877.  10.  1.581  :  Liehernmnn.  ibid. 
188.3,  16,  2868;  Zinckc  and  Binduwald,  ibid. 
iSM,  17.  3028;  Spiegel,  ibid.  1885.  18.  1480; 

J>»L'')d/in9ki  and  Matescu.  ifn'J.  IRHl.  27.  901  ; 
di.SM  rtations  of  variou.';  Hridi  lKer^'  sUideiUn  of 
P.  Jacobson  t  W.  Fisrhi  r.  1  s!»2  ;  F.  Marsdcn, 


ary 

from  deep  rod  (/J-nitrobenzencn/.ophenol)  to 
viukt  (p-uitrobcnzcncazo-a-naphthol)  or  evw 

Sure  blue.  It  has  been  suggested  that  this 
ifference  may  bo  acrountrd  fr>r  l\v  supposing 
tho  salts  to  he  derivatives  ot  nm-  quinones  e.a. 
KO-NOiC.H^iN  N  :  (  .H^iO  (Hewitt  and 
Mitchell,  Chem.  Soc.  Tran.s.  1907.  91,  1251), 
though  this  view  has  been  attacked  by  Baly, 
Tuck  and  Marsdcn  {ibid.  1910.  97.  1494). 

'  Tho  liydratc*  were  at  first  mistaken  for  igomerH 
(Hewitt,  Ber.  1S93.  20.  207i).    JacolMf)n  obtnineti  a 
modification  of  o-toUieno  sroplienol  tncltin«  at  ,il  ..ut 
■  T  VI-      lona     t:.  IX.-.    u  u     lofto     70*  (Aiuialcn,  189.5, 2(17. 161) ;  tW*  provcd  subsciiuoiitly 

1092 ;  J.  Klem,  1892 ;  F,  Dusterbehn,  1893 ; .  to  be  a  hydnts  (Bsr.  1^7. 80^  1628).  ' 
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NO, 


,C,H^K  :KCH«-OR  ^  C,tt,-KH  ir:  C^H^  :0<| 
C,Hj  S ;  X  CjH^  O  CO  R 


i 


NU  N  A^^:0<£ 


MHiereu  most  asO'COioponnds  rcadUy  undergo 
fission  on  allnline  reduction  (ammonium  buI- 
phido)  at  the  double  linkage  bctw«^cn  the  nitro- 
gen (iloins.  MUch  double  linkn^'o  nppt'ars  to  bo 
absent  in  the  case  of  the  alkaline  j7-uitrobeuzene- 
acophenolateo,  whioh  an  easily  rodnced  to  j)- 
aminobcnzeneazophonol  (Ifeldola,  Ghem.  Soo. 
Trans.  1»85,  47,  059). 

Derivatives  of  hydrazobonseno  nitrated  in 
the  |>ara-  position  to  thehy'lrazn-  proup  dissolve 
in  excess  of  alkali  with  biuo  colour.  The  pale 
yellow  hcxanitrohydrazo benzene  (m.p.  201*- 
202°)  prepared  from  hydrasine  hydrate  and 
picryl  chloride  gives  botn  nonO'  and  di*potM< 
Hium  salts;  solutions  of  the  first  arc  deep  red. 
of  the  second,  deep  blue  to  blue  violet  in  colour 
(Orandmoninn  and  Leeman,  Ber.  1906,  39. 
43St:  1W8,  41,  1295).  Thr-  r(-l.itionships  of 
the  comjK)Uijda  may  be  represented  by  the 
formnhs 


^^0,  NO, 
IiO,<^  ^— NH— MH— 

NO, 


>N0, 


NO, 


NO, 


\ 


-NH— N-.  >=NOOK 


NO, 


NO, 


KONO-/   ^^=N— N 


^NOOK 


Compare  Hewitt  and  Mitchell  (Chem.  Soc. 
Trans.  1907. 91, 1254) ;  Raschig  (Zcitsch.  angc  w. 
<  l>  >»  1^7.  20.  2040);  Hantssch  and  Lister 
(Bcr.  1910,  43,  1086). 

Similar  formation  of  Mne  alkaline  solutions 
in  the  cns«?  of  4  : 4'-dinitrohydra7"^irii7i  n. 
(I^rmontotT.  Bcr.  1872.  5,  232;  Jaiiuvhliv, 
Moriatpli.  1885,  0.  ir,4) ;  Willgcrorlt.  J.  pr.  Ch<  m. 
1890.  [ii.]  42.  51;  Werner  and  Stinsnv,  Ber. 
1899,  32,  3272)  has  bveu  frequently  observed. 


Frcundlcr  and  Bcranger  considered  the  product 
(ibtained  by  the  reduction  of  di-p-nitroa«o- 
benzene  to  have  a  quinonold  formula  (Compt. 
rend.  11K>2,  134. 1219).  (irfrn  and  his  co-win krra 
bring  forward  evidence  in  favour  of  the  sub> 
staneo  bdng  truly  dinitrohydmobeozcne.  the 
salt*,  however,  being  quinonold  in  strurfnrc 
(Cheui.SocTrans.  1911,99, 1900;  1912, 101,2443). 

Possibly  tho  deep  colouration  given  when 
solutions  of  p-nitrophcnylhydra/j  iiH  s  (Hyde,  Bcr. 
1899,  32,  1810)  are  made  alkaline  may  be  attri- 
buted to  quinonoid  transformation  (compare 
Baly  and  Tuck.  Chem.  iioc.  Trans.  I90r>  89. 
982).  Two  modifieations  of  benzaldehy<i< 
nttrojihcnylhydrazoiit'  havo  hccn  obsi-rved  :  this 
al.so  huldi)  in  the  uajH^  of  the  p-nitrophouyl- 
h^'drazones  of  the  nitrobcnzaldehydes  (Ctliaa 
and  Vecchiotti,  Attt.  R.  Aocad.  Linoei,  1911,  {v.! 
20,  i.  803). 

Hydroxyaldehydes  a^d  TTydroxykbtones. 

As  mentioned  previously,  hydroxyaldehydc* 
and  h^nlroxyketones  in  which  the  hydrt»x>'l 

and  earlMiiiyl  groups  stand  in  ihr  ortho-  or 
para-  position  to  one  another,  may  form  salts  of 
quinonoTd  type  (Hantzsch.  Ber.  1906,  S9,  8080). 
The  azo-  derivatives  of  salicyl  aldehydes  have 
been  examined  in  tliis  respect  by  Hewitt  and 
Mitchell  (Chom.  Soo.  Trans.  1907,  91.  1262). 

Schi£[*8  bases  prepared  from  hydroxyalde- 
hydea  occasionally  occur  in  isomeric  modihca* 
tioiis.    The  i-onieiism  is  supposed  by  Maiichot 

I  to  be  of  phcaol-q.uinone  type  (Annalen,  1912, 

i  388»  103). 

AUBAHIMKS. 

The     ili^  of  auramine  bases  may  have  a 
quinonoul   structure.   The   bases  themselves 
I  cannot  well  have  other  than  a  kctonoMmide 

con-tItntit)n  and  are  rea<lily  hydrulysed  ;  tho 
'  ijalia  show  greater  stability.   The  possibility 


L/iyiii^uG  by  VjOOale 


QUiJNONKS. 


627 


(hat  the  l^ydzoohloride  ol  ordinaxy  atuamdne 
has  the  oouutitfutiaii 

(CH,),W<!  A<'(NH,):C,H4 :  K(CH,),a 

is  supported  by  the  exi^t<*ncf^  of  a  methyl 
phenyl  •mamine  (D.  R.  P.  44077)  as  well  as  by  i 
the  work  of  A.  Stock  (J.  pr.  Chem.  1893,  ii.  47. 

401),  which  proved  that  the  twice  .  nl -^tituted 
aiuraminos  yield  ketone  and  socondaiy  amine 
on  hydrolyris.   Oraebe  (Ber.  82,  1678) 

has  urged  agajn!5t  this  view  that  Avhilst  auraminc 
hydrochloride  itj  easily  converted  into  phenyl 
auramino  by  heating  with  aniline,  it  is  not 
attacked  by  methvlanilino,  Hantzsch  and 
Ossirald  (Ber.  1900,  33,  278)  hold  the  view  that 
the  tnic  auramine  base  yields  a  peeQdo*bMte 
which  loses  water,  giving  the  imine 

(CH,),N-C,H,-C(NH,):C«K«:N(CH,).OH 

-»(CH,)jNC,H,C(Nlf,)(OH)-c;H,N(CH,), 
->(CH,),N-CJT,r(:NH)-C,H,-N(Cn3),. 

-whilst  Stock  (Ber.  1900, 33, 318)  further  .supports 
Ilia  view  hy  otrnfrvatioiu  on  phenylmothyl- 
auramine  cyanide  which  exists  in  two'  forniH,  a 
pale  yellow  of  benzenold  and  a  yellowiish>red  of 
quinonoid  constitution. 

Graebo  (Ber.  1902,  35.  2616)  stiU  Ur^es 
against  the  quinonoid  structure  of  the  auramme 
salts  the  close  resemblance  whi<  h  exists  between 
them  and  the  aalti  of  phenyliminobenzophenone. 
QiMihe'e  inino-etniotiite  has  been  accepted  by 
L.  Semper  (Annalcn.  1011,  381,  2U)  who 
flncto  that  the  pale  yeUow  aoylated  auramine 


28,  63).  In  those  compounds  the  methyl 
carboxylate  group  is  very  readily  hydrolysed. 

The  rhodaniine  nalta  may  be  osterified  and 
ooosequeatly  the  following  furmulie  probably 
represeiit  the  rdatknuhips  existing  lietiraea 
rh  lamino  base,  its  hydrochloride  and  the 
auiM>line  resulting  from  its  esterifioation, 

O 


o 


\COOCH3 

In  the  case  of  the  salts  wiih.  mineral  acids 


basMjrield  deep  bhibh-Twletorblttish'grm  sal     obtained  from  flnoreioelii  and  ita  parent  sah 

stance  fl'inrfine,  an  oxonium  o-qninono'd  .'stnic* 
turo  is  pro  ba  ble.  The  saniu  remark  holdi>  iu  the 
case  of  the  simpler  oxonium  salts,  and  the 
zelatitHiship  betM-eon  xanthydrol  and  the  salt 
formed  from  it  by  hydrochloric  acid  may  bo 
eacpfemed  in  the  foUowing  mmmer : 


with  acid.   A  quinonoid  formula  je  eoigsed  to 

the  acylated  salts,  e.g. 

(CHa)jN-C^4'C(-NHCOCH,):C,H4:N(CH,),a 
bat  denied  to  the  salts  of  ftuiamme,  methyl* 

auramine  an'!  p^enylauramme  on  aoeoont  of 
the  groat  colour  dilfcreaoe. 


Phenolpht hall-Ill  and  its  alkaline  .nnlts  may 
well  poesess  different  structures  in  the  sense 
represented  1^  the  fwmala  already  given; 
correppondinp  formulsD  may  be  applied  m  the 
case  of  Uuoresceln  and  the  rhodaniine.H.  'J'he 
tantomerism  of  fluorescein  has  Ixcn  demon- 
•trated  by  JNietxki  and  Schroetcr  (Ber.  1896,  28, 
44)  who  ohtafeed  a  mixture  of  a  colourless 
lactonoid  diethyl-ether  and  a  yello\\if>h-red 
quinonoid  ether-ester  by  the  direct  alky latiou  oi 
alkali  salto  of  flooieeoeln. 

Direct  evidenee  of  thi.'f  character  was  wanting 
iu  the  case  of  phenolphthak  in  unt  i  loomparati  vely 
veeently,  the  supposed  oxime  of  phcnolphthalein 
prepared  by  FViedlander  (Ji<T.  1893,  26.  172, 
2268)  not  posseeaiiig  the  cunstitutiou  originally 
assigned  to  it.  The  ethers  obtained  from 
phenoiphthalein  were  colourless  and  undoubted 
derivanYet  of  diphenylphthalide.  A.  G.  Green 
(in  part  with  P.  K.  King)  has  demotutrated  that 
red  quinonoid  esters 


a 


C  JT,  :  O 


and  OA(COOCH0C  (.^j^ 

may,  bowever,  he  obtained  (Ber.  1006,  39, 

2305:  1907.  40,  3724;  Chem  S  .  Proc.  1907, 
23,  228    J.  Soc.  Chem.  Ind.  1908.  27,  3;  1909, 


CH(OH) 

(HcM'itt.  Zeitseh.  physikal.  Chem.  1900,  34,  9 ; 
Ber.  KM)I.  34.  3819  ;  }h-wi(t  and  Torvet.  Chem. 
Soc.  Trans.  1902,  81,  663 ;  Werner,  Ber.  1901, 
34^  S800;  Annalen«  1902,  322,  296  j  Howe, 
Compt.  rend.  1001,  133,  1218;  1902,  134. 177. 
and  other  papers). 

For  the  salts  of  the  hydro xyxanthydrols 
and  fluoronee  with  mineral  acids,  formate 


such  as 


o 


OR 


are  employed, 
the  fbrmuuB 

O 


The  free  bases  lose  water,  and 


r  ^ 


;0 


end 


have  been  assiftned  to  the  anhydrides.  Kohr* 

mann  favours  the  second  formula  (H<>r.  1008, 
41,  3440).   To  this  Decker  raises  a  grave 
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objectioa.  Of  tho  two  compountk  rcpreacnted 
by 

O  O 


}oH 


QU^HsHOU)  C(C,H,)(OH) 
tho  first  is  incHpable  of  existence  and  loses 
Avalor  itnuudmtoly.  whilst  tho  second  cannot  bo 
dehydrated.  If  &  '  betaine  *  oxonium  phenolato 
formtilft  is  ooimet,  no  TOMon  can  be  assi^ed  for 
tho  fact  that  the  socontl  compound  retains  the 
elements  of  water  which  tlie  firwt  loses  Bpou< 
taaeously  (Dt  oker,  Ber.  liH>9,  42,  678 ;  compare 
Popo  and  HowanI,  Chi-ni.  S<<c.  Trans.  1010,  97,  1 
1023).  Another  view  as  to  tho  constitution  of  > 
the  salts  is  that  they  are  qninoesibonium  com- 
pounds, e,g. 

O  TT 

I  T  I 

(GombeiB  aad  Cone,  Annalen,  190i^,  370,  142; 
compare  Hsntcseh*  Ber.  1910,  43,  339 ;  Kehr- 
tnann,  Aniinlon,  1910,  372,  287;  CJombc-ra  and 
Goao,  ibid.  1910,  376»  183 ;  A.  Stepanofi,  ibid, 
1910,  219  s  Cone  and  West,  J.  Aner.  Oiein. 
8oo.  1911,  33,  laSS). 

ACBIDIKE  AND  ITS  DkBIVAXIVZS. 

Aoridine  and  its  derivatives  closely  resemble 

tho  xanthene  comiK)unds  cxcrpt  ttiai  thcv  are 
more  basic,  tho  relationships  between  bases  and  j 
salts  seem  to  be  similar  (Hewitt,  A.  E.  Dunstaa  i 
and  Fox,  Z.-itsdi.  j  }  v  il  il.  (Them.  1900,  34.  13  ;  , 
Chcm.  Soc.  Trans.  1UU4,  85,  529;   1906,  87, 
1058;  1906.89.482,1472;  compare  IlfiiBcheim, 
ibid.  1910»  97,  94). 

Tho  salts  of  mono-aiylaodnoazinea  will 


the  salt,  it  would  appear  that  there  is  a  re- 
aitaageinent  from  para<  to  ortho-  qninonoTd 

structure  on  salt  formation.  With  regard  to 
the  second  formula,  Kohrmanu  has  signed 
corresponding  structures  to  the  safiraoones, 
ro.Hindones  and  t.forosindones,  thus,  for  example, 
in  thu  case  of  Morosindone  he  has  used  a  betainc 
instead  of  a  jp-quinonold  formula 


N 


C.H 


f '  H 


Becker  and  Wiirsch  (Ber.  1906,  39,  2663) 
object  that  isorosindone  is  not  attaohed  by 

phenyl raagncaium  l>romide,  but  Kehrmann  {ibid. 
1908, 41 , 12)  still  holds  tho  phenolbetaino  formula 
to  bo  correct  (compare  also  O.  FSsoher  and 
Ronu  r,  f 1907,  40,  3406;  Kehrmann,  ibid, 

1908,  41,  472). 

OXAZINXS  AND  THIAZI??ES. 

The  oxazine  and  thiazine  djcs  have  been 
repr^ented  hy  the  formvln 

N 

N 


/'V 


and 


NKtCl 


possess  one  of  the  foUowing  four  fbrmuln 


N 


N 


a 


/V 

R  d 

a 


NHR' 


NHR' 


Kehrmanu  prefers  an  o-^uinonold  structure 
N  H 


OCl 


NR. 


N 


HER' 


i:NR'<Ha 


¥or  the  corres^jmnding  free  bases,  both  of 
the  following  formula  have  been  employed 
N  N 

N    "    HR'  H  JnH 

tt,  R 
Taking  the  first  formula  given  for  tho  base 
and  one  of  the  three  first  formuln  given  for 


ronrescnting  the  compounds  as  oxonium  and 
sulphonium  salts  respectively  (Ber.  1899,  32, 

2601).  Considerable  discussion  has  ensued 
between  Hantzsch  {ibid.  imr>,  :$8,  2140.  2577; 
le^tf),  l-,3.  1365)  and  Kelirniann  {ibid.  1906, 
38.  i;rtr,7.  4197  .•  1906.  39,  914, 1403;  1907,  40, 
013,  1234,  19W>.  2071). 

Green  Bu<:L'(-^ted  o-qnmonoidfoirmn]»saeh  as 

N-a  N-Cl 

/\,  '\  /X 

or     (     I     i  I 

(Ber.  1890,  32,  3155) ;  whilst  Hewitt  oonsideted 
it  possible  that  both  tautomeric  o-  and  p- 
quinonoid  forms  exist  iu  solution  (Zcitsch. 
physikaL  Chem.  1900,  34, 17). 

Imi>'azouum  Co.M^U^'DS. 

A  case  of  quinonoid  rearrangement  of  ^eat 

thcMr<  fi(  Ml  interest  is  afforded  hy  1  :  7  dinitro- 
O-hydroxyl-l-phenyl-2  :  3-dimethylbenziminazo- 
lium  iodrae  (Meldola  and  Kuntzcn,  Chem.  Soe. 
Trans.  1911,  99,  1291).  Boiled  Avitli  ^%-nte^,  a 
substance,  C,5H,,07N4  or  CjsH,40,Mj,HiO,  is 
obtained  ;  the  latter  when  completely  dehy- 
drated loses  2H2O.   U  ifl  di#oalt  to  avoid 
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asaiiT.i!!.:  tho  rrjuptitnti'di  of  a  4  :  7-(Iinitn>- 1 - 
ubenyl-2  ;  S-diuicthyi-li- buuaiiuiuaznlom^  to  tlif 
dehvdratiHl  substance,  tho  initial  and  final 
products  being  repramited  in  tho  following 
manner : 

NO,  N-C«H,  NO,  K'C«H. 

HOT" Y  ^ ,  c-CH,        ^{Y  ^  C  CH, 

NO.N 


o. 


The  oooanenoe  of  quinqaevalent  nitrogen  in 
otlier  than  »iiiiiioiunin  oomlHiiation  ia  note- 
worthy and  attentioa  should  also  he  paid  to  the 

substance 

-  -o  o 


or 


obtjihud  l)y  tho  extrcmo  incthylation  of  iso- 
picramic  acid  (Mekiola  and  Kuntzeu,  MtL  2045}. 

RiABBAHOsttBrv  isoM  QonroHoiD  10 

Aromatic  STBUonna. 

WTiilst  salt  formation  forces  a  quinonold 
arrangement,  tho  bcnZiJiioSd  configuration  is  the 
more  stable,  and  many  cases  have  Im-cii  n-ftrred 
to  abore  in  whioh  a  substance  adds  on  to  a 
qninone  or  quinonold  compound  with  produc- 
tion of  a  MuK-stiiutod  truly  aromatic  compound 
{e.g.  quiuoue  and  hydrogen  chloride  give  chloro- 
qninol). 

In  addition  to  such  n  iftioiis  iiivolvin*,' 
addittuii,  ft  comjK)und  <jt  quinonold  (or  moru 
eapecnatly  nemi-quinonold)  ty|x-  undersoos  intra* 
molecular  change  with  production  of  a  benzcnold 
compound.  Examples  will  be  found  amongst 
the  reactions  of  the  j-quinol.s  (production  of 
numoallcyl  ethnrs  of  2 : 5-dimethylquinol  and 
dialkyl  ether  of  4 :  S-diowthylresorcinol  Iron 
xylo-«|f-quinoI),  and  the  produrtion  of  the 
i^lnomidcs.  The  transformation  of  the 
tonee  obtained  by  acting  with  diphenyl  ketone 
on  quinonr  into  n  bonaenold  y-laotone  also 
belongs  to  tlm  category 

O  OH 


corapotinds  are  of  any  vahip  as  colour  producers. 
The  urlho-quinoneoximes  are  employed  as 
adjective  dyee  in  eon|UDctk>n  with  iron  or 
ohtomium  mordants  on  wooJ«  siUc,  or  cotton, 
the  colour  being  due  to  the  fomwtioin  of  an 
insoluble  lake  of  the  ozime  and  the  metaUio 
baaet 

INnlllOfOntonlllOl    (8  >  4'4iimmin6bettgo-l  t 

2:3:  4'diquinone),  which  comes  into  rnTTimerco 
under  the  names  of  rssorcinol  greeo,  fast  green, 
Abaoe  green,  dark  green  bi  pMl^  ehlorin,  fast 

myrtle  green,  i«  irnru  rally  repreeontod  by  one  of 

the  following  iurinuhe: 

O 

II 


9- 


OH 


or 


(C.H,),C<;^0 


a 


In  all  thcflo  cn  i  -:  v,  c  see  examples  of  the 
tendency  of  hydroaromatio  to  pass  into  aromatic 
compounds.  ReMtions  of  this  typo  arc  nc<  cs. 
eari'  ."  trrfversiblc.  J.  T.  H. 

QUINOIIBOXIM£  DYES  {SUraso  cvlouriito 
matUn),  The  qninoneoximes  can  be  obtained 
by  two  general  methods;  (I)  the  condeoaation 
of  quinones  with  hydroxylammo  ;  (2)  the  tnter* 
action  of  nitrouB  acid  and  the  phenols,  tho 
latter  prooeas  being  the  one  exclusively  employed 
hi  the  oommeroial  preparation  of  the  dyes  of  this 
merit  s.  T!i.  c  reactions  funush  oximcs  in  whicli 
the  ttfonilruiiu  group  (2^011)  Li  iu  citlicr  the  para* 
or  the  ortho-  poeitwn  with  respect  to  tho  re- 
laininc  qntnono  os^gm;  but  only  the  ortho- 
Vuu  IV.— r. 


NOH  NOH 
Preparation,  Besoroinol  (110  kiloe.)  dis- 
solved in  4500  litres  of  ice-cold  >rater  oon- 

taininj,'  120  kilos,  of  .sulphuric  acid  is  slowly 
treated  with  144  kilos,  of  sodium  nitrite  (90  p.c) 
in  400  litres  of  water.  The  produet,  wnioh 
separates  as  a  light  j  cllo'-vish-grcy  precipitate,  is 
washed  with  water  ami  soitl  ajs  a  40-50  p.c.  paste, 

Dinitrosorcsorcinol  disKolves  in  hot  water  or 
dilute  alcohol,  crystallises  in  jcllowish  leaflets 
containing  2H,0,  and  decotupoi^es  violeully  at 
116**;  it  is  a  moderately  strong  acid,  decomposes 
carbonates  and  yields  two  series  of  salts.  On 
iron  mordanted  wool  or  ootton  it  yields  green 
shade-  y(-ry  fn -t  ti*  rn]"!  ;  v,  itfi  chrome  mortlant 
it  gives  browiiH.  DmitHMoresoroinol  was  for- 
merly used  as  a  basis  for  ntOMamol  bhie  (D.  R.  P. 
14(522).  When  padded  on  cotton  and  wteampd 
it  furni.she.s  a  fast  brown  dye  which  w  rves  us  a 
mordant  for  basic  colouring  matters  (Fitz,  Ber. 
1875.  a,  631 ;  Goldschmidt  and  Strauss,  ibid. 
1887,  20.  1607:  v.  Kostanecki,  ibid.  1887,  20, 
3137;  1888,  21,  1405;  J.  Soc.  Chem.  Ind. 
1880, 1126 ;  Rev.  gen.  mat.  coL  1907,  191). 

l-mtfOtO-Z^Mlllthol  (li^NaphtkaqiUnoif- 
\-oxitne)  known  as  GamWne  Y,  AwMt  CCMH  J, 
Moihoose  green,  Naphthlne  S. 

N'OH  NOH 

!l 

or 

'\y 

Preparation.  /9-Naphthol  (144  kilos. ^  is  dis- 
solved  in  160  litres  of  hot  water  coutainiug  48 
kilos,  of  sodium  hydroxide,  the  solution  is  diluted 
to  800  litres  with  ioe- water,  72  kikis.  of  sodium 
nitrite  (96  p.c.)  are  added  and  the  solution 
acidified  with  hydmchloric  or  sulpluirie  acid. 
The  yellow  precipitate  in  wmlual  with  cold 
dilute  brine  solution  and  made  into  a  20-30  p.c. 
paste  with  Avatrr  containing  a  little  sodium 
acetate.  The  water  used  in  this  preparation 
should  be  free  from  iron,  otherwiim  tho  brown 
shades  produced  with  chrome  mocdants  are 
considerably  modified.  The  dilute  solution 
may  bo  acidified  befure  adding  the  nitriti-  «s 
the  precipitated  0-naphthoI  is  so  finely  divided 
that  it  readily  reacts  with  nitrous  acid. 

I  -Nitrt)Ho-^-naphthol  crystnlliscs  from  alr(jliol 
or  betiiu^uc  in  orauue- brown  lcatlct.H  or  jiriiins, 
melting  at  109^  When  quite  poie,  it  can  be  dis- 
tilled m  steam,  but  the  oommercial  product 

2  M 
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fiSO 

genprallv  l>oooincs  tam'  on  boiling  with  water. 
Wool  uuU  cutiou  iiKji-danted  with  iron  and 
ohromiuiu  give  green  and  ]>r(nMi  sliadts  ro- 
apeotivelv,  the  former  being  the  faster  to  light, 
btsulphite  oompound 

a  prov  cn\«tallme  paste,  produced  by  mixing 
l-nitroso-^l  uaplithol  with  aqueoua  Bodilim  fa" 
■olpbite  is  used  for  printing  a  green  WiMe 
OD  calico  mordant^  with  icon* 

Thu  green  alkali  and  ammonittm  aalts  of 

1-  nitroao./3-naphthol  have-  also  been  employed 
in  dy«ing.  Theinaolubl©  red  cobaltic  salt  is  usud 
in  the  anahrtioal  separation  of  cobalt  and  nickel. 
The  zinc  salt  is  prodviced  by  digesting  /3-nftphthol 
at  (iO*'-70*  with  au  aqueous  solution  of  zinc 
•nlpbate  and  aodinm  nitrite;  other  metallic 
denratives  may  be  similarly  prepared  (D.  R.  PP. 
25469,  78440;  Fuchs,  Ber.  1876,  8,  1026; 
Kohler,  ibid.  1883,  16,  3080;  Henriques  and 
Ilinski,  ibid.  1885,  18,  704;  v.  Koutaneoki.^id. 
1887,  20,  3147  ;  J.  See.  Chenu  Ind.  1890, 1126). 

2-Nltroso-a  naphthol   { I :  i-Nafkaagwnane' 

2-  oximc)  sold  as  Gambine  R» 

O  0\ 

-KOH  „  i^Y^OH 

b  produced  together  with  its  isomeridc,  4- 
nitroAo-a-naphlhol  (1 :  4-naphthaquiTKme-*''*mme) 
by  acidifying  wi  til  hv<ln)chlori<-  aeid  a  void  dUute 
aUcaline  solution  of  o-naphthol  and  sodium 
nitrite.  The  greenish-yellow  pieeipitate  is 
Washe.l  and  made  into  a  20-30  p.c  paste. 

The  isomcrides  may  be  separated  by  taking 
adTaatage  of  thdr  differing  solubilities  in 
benzene  or  by  precipitating  their  alkali  aalts 
fractionally  from  aqtjeous  solution.  4-Nitroeo- 
••naphthol  forms  yellowish-white  needles,  de- 
composing at  193''-19l°;  2-nitroso-o-naphthol, 
which  predominatca  111  the  mixture,  crysUlbses 
from  fienzcno  in  grceniBh-vcllcw  needUs  de- 
composing at  UT'-HS"  (Ber.  Ib82,  15,  1816 ; 
1884,  17.  2590;  1885.  18,  706).  In  practice 
the  cnule  mixture  of  tlie  t;vo  i.iomerides  i.s  ''Tt'- 
ployed  in  dyeing  without  removing  the  uiexL 
para-  oompound. 

2-Nitro80-o-Daphthol  gives  green  and  brown 
shades  on  wool  mordanted  with  iron  and 
ohiomiam  respectively  (references,  v.  supra,  1- 
nitroao-8-nap!ithol,  and  Bar,  1882,  15,  1816; 
1884,  17.  2589). 

1  - Nitroso -2:7- dlhydroxynaphthalene  (i 
hydroxyl :  Z-naphthaguitwnfl-oscime)  Gamblne 

or    Ho/y^  -0 

.  \/  \/^^ 
Preparation,   Naphthalene  (800  Idloe.)  and 
concentrated  hulpliurit;   a.  id   (7r><)  kil<>s.)  arc 
heated  at  160*-170**  for  6  hourfc,  aud  iii<!  sul- 

Ihonation  carried  on  for  2  hours  longer  at  140"- 
00*  with  a  further  addition  of  1750  kilos,  ol  acid. 


The  sulphonation  product,  pouretl  into  water,  is 
neutraliBed  with  lime  and  caleium  ( arbonato, 
the  solution  of  calcium  na])l)thal<-iiedi!julphonato 
is  tiltercd  from  calcium  sulphate,  treated  with 
sodium  carbonate  and  crude  sodium  naphtha* 
lenedisulphonate  obtained  by  evaporating  the 
filtered  solution  to  dryness.  This  sodhim  salt 
is  added  in  portions  of  150  kilos,  to  .300  kilos,  of 
fused  ooumercial  sodium  hydroxide  contain- 
ing  about  10  p.e.  of  added  water ;  the  produot 
is  aeidifii'd  with  dilute  sulphuric  acid,  the 
solution  boiled  to  t\{xl  sulphur  dioxide,  then 
cooled  to  4**  and  treated  with  aqueous  sodium 
nitrite.  The  dark  reddi.sli-browTi  preci])itate  is 
washed,  pressed,  and  made  into  3U  p.c.  paste 
with  water  oontaining  a  little  sodium  acetate. 

When  prepari'd  in  this  way  the  product 
cuutains  some  of  the  isomeric  l-nitf080-2:6- 
dihydrox\naphthal(  ne.  A  purer  preparation 
is  obtained  by  coolir.L''  the  acidified  solution 
nntil  2:7-dihydro.\yi.aphthak»i6  erystaUisea 
out.  This  compoimd  is  then  collected  tuid 
treated  in  ice-cold  water  with  the  calculated 
amounts  of  sodium  nitrite  and  dilute  aoetio 
acid.  Nitro«o  derivatives  have  been  prepared 
from  the  ten  i.sonieric  dihydroxynaphthalunea, 
but  only  those  iu  which  the  wonitroso  group 
is  in  the  ortho-  position  with  n»peot  to  the 
quinone  oxygen  give  coloured  lakes  on  fabrics 
mordanted  with  metallic  oxidf.>«.  The^e  nilrn.--o 
derivativea  have  the  general  property  of  be- 
coming reduoed  with  sodium  hydrosidphite  to 
very  o.xidisable  amino-dihydroxj-naphthalenes 
which  when  absorbed  by  textile  hbrea  and 
aiterwards  exposed  to  the  atmosphere.  .\l  Id 
intense  shades  of  brown,  grey,  and  Usck  (£ug. 
Pats.  1812,  1813,  of  1890). 

On  wool  and  cotton  mordanted  with  iron 
aalts  and  dichromate  respectively,  l-nitroeo-2 : 
7-dibydiuxynaphthaleiie  gives  green  and  brown 
shades  which  are  very  fast  to  li^dit.  Tu  eon- 
junction  with  logwood  extract  and  ferrous  and 
copper  sulphates  it  produoes  a  direct  black 
(D.  R.  PP.  65204,  58011  :  l^g.  Pats.  14230. 
17223,  1889 ;  ¥t.  Pat.  201907  ;  Ber.  1890,  23, 
621 ;  1894,  27, 3060). 

Tlie  foregoing  pambinefs  when  cnndense<l 
with  tannic  or  gallic  acid  iii  presence  of  concen- 
trated sulphuric  add  give  dym  producing  with 
chrome  mordant  brown  shades  which  are  very 
fa«t  to  bght  and  M-aphin!.'  (D.  R.  P.  7jWI83)._^ 

Sodiumferro  1  oxiiniiio-1 :2- 
Q-Sttil>lu»iiSte»  Maphthol  green. 

N— 0— IV— O— N 


NaSO  I 


00- 


- 1 


Preparation.  Sodium  0-na]ihthoI-6-sulphoii 
ate  (Sohftffer  salt)  is  converted  by  nitrous  acni 
into  sodium  l-oadmino-l :  2-uapbthaquinone-6- 
sulphonate  and  27-."  kilos,  of  this  product,  dis- 
solved in  loo  litres  of  water,  are  treated  with 
20  litres  of  ferric  chloride  solution  (5  kilos. 
FeCl,).  The  oxce«s  of  iron  l>eing  precipitated 
with  sodiuir.  carl" 'ivate,  the  kTeen  filtrate  is 
evaporated  to  dryness.   The  double  salt  may 

:  bo  purified  either  by  orvstaUiaation  from 
alcohol  or  through  the  insoluUe  lead  salt  by 
(kcon»iM)sing  the  latter  with  Bodium  sulphide, 

I  oarbonate  or  sulphate.  ^ 
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Wool  is  dyed  green  directly  in  acid  bntha 
ooQtaimng  iron  salto,  and  aimilar  shades  aie 
produoed  on  rilk  fat  the  presence  of  tarUrie  Mid. 
The  colour  produced  is  fa«t  to  acids,  alkalis, 
light  ami  milling agonta  (D.  R.  PP.  28065,  28901  ; 
if.  a.  Pat.  310036;  Eng.  P*kt.  2296,  1884;  Fr. 
Pat.  160032  ;  Ber.  1885.  18,  46  ;  J.  Soo.  Chem. 
Ind.  1886.  4,  204;  18!K),  U,  1126). 

The  relative  stability  of  the  ooloured  metallic 
doivatives  of  the  ortho^qulnoneozimM  aai- 
teiung  iron,  chromium  Mid  cobalt,  has  led 
Wmer  to  the  view  that  these  salts  are  in- 
tanaU^  co-ordinated  compounds  in  which  the 
metallie  atom  is  attaohed  to  the  ornnio  diiomo> 
phore  (I.). 

-c=o  -c=o  ^ 

I.  II.  1 

by  both  ita  nrinoipal  and  secondary  valencies 
•O  aa  to  pioanoe  a  stable  cyclic  complex  (II.) 
ia  Wbidl  the  metal  is  not  readily  detected  by  ^ 


the  usual  qualitative  tests.  Tills  hypothesis  is 
jostihed  by  the  fact  that  the  para<%uinoneozime8 
which  oould  not  give  rise  to  aueh  aiz^membeced 

complexes  (II.)  do  not  behave  as  adjective  dyes 
in  conjunction  with  the  metallic  niurdants 
( Wcmor,  Ber.  1908^  41, 1062;  8S88 ;  Liebermann, 
ibid.  1436).  G.  T.  M. 

QUINOTANNIC  ACID  v.  Tahnqis. 

QUINOVIN  V.  GLUcosmBB. 

QUINOXAUNES  v.  Aziniss. 

QUlMOXIttES  V.  AziKES. 

QUISQUEITE.  A  lustrous,  bUck,  brittle 
sab^Anoe,  very  like  asphaltum  in  appeaxaaoe* 
but  containing  much  sulphur  (8  46f  p.o.  with 
C  43  p.c.)  and  only  little  hydrogen.  Sp.gr.  1-75. 
It  occurs  in  considerable  quantity,  together  with 
patronite  {q.v.),  in  a  depoait  of  vaoadinm  ove 
in  the  Quisque  (or  Minasragra)  district,  near 
Cerro  do  Pasco  in  Peru.  (See.  W.  F.  Hillebrand, 
Ainer.  J.  Sci.  1907,  24,  141  ;  D.  F.  Hewett, 
Trans.  Amer.  Inst.  Mining  Engin.  1910,  40; 
1909,  274.)  L.  J.  fc). 


R 


RACEMIC  ACID  v.  Tabtario  Acn>. 

RACEMISM.  The  phenomenon  of  raoemism 
has  reference  to  the  existence  of  inactive  com- 
pounds or  double  salts  of  two  optical  euantio- 
raorphs,  which  differ  in  certain  physical  and 
chemical  properties  from  either  active  com- 
ponent singlv  or  mijced  in  equal  quantities. 

Hitiorieal.  Saoemism  was  first  observed  by 
Pasteur  (Lemons  sur  la  DissymirnStrie  Molo- 
culaire,  1861  ;  Researches  on  Molecular  ^yym- 
metry.  Alembic  Club  Reprints,  No.  14)  in 
atndying  the  oiystalline  lonus  of  tartscio  and 
laeemie  adds  and  their  salts.  He  discovered 
hemihedral  facets  on  th''  sodium  ammonium 
salt  of  tartaric  acid,  and  concluded  that  this 
property  might  be  related  to  its  rotatory  power, 
the  acia  being  dextrogyrate.  If  this  were  the 
case,  then  raccmic  acid  and  its  salts,  being 
optically  inactive,  should  exhibit  no  such  facets. 
To  test  this  conclusion,  he  performed  his 
wtll-known  cxpcrimont,  which  consisted  in 
cry.-tallising  sodium  ammonium  raccnitite.  The 
result  was  that  instead  of  an  inactive  salt 
vrithottt  heniliednl  faoets,  he  soooeeded  in 
n\«iolving  the  8ub.stance  into  two  forms  having 
hemihedral  facets  on  obverse  sides  of  the 
eiTStal,  and  each  kind  when  separately  dissolved 
and  examined  showed  rotate^  pfflfriifttiiftn  in 
the  reverse  direction. 

VV.  Stacdel  (Ber.  1878,  11,  17fi2)  \\\\o  after- 
wards repeated  the  ej^ieriment  ooJiy  obtained 
the  or^uial  raeemate.  It  therefore  appears 
that  the  same  substance  may  under  certain 
conditions  crvstallise  as  a  double  salt,  and  under 
otiieie  may  break  up  into  its  two  active  com- 
ponents. 

bcaochi  (itend.  Accad.  Sci.  Fis.  Alat.  Kapoli, 
1865,  250)  had  already  explained  the  oaose  of 
Staedel's  failure  by  showing  that  the  raccmatc 
separates  from  solution  at  a  higher  temperature 
than  the  active  tartrates.  WvroubotT  i(  ofn]i(. 
rend.  1886,  102,  627)  found  this  temperature  to 
Ue  ahove  or  bdow  28^  and  bter  van^t  Hoff  and 
van  Deventer  (Zsitaoh.  physihal.  Chem.  1887, 1, 


173)  were  able  to  show  that  it  coincided  with 
the  transition  temperature  at  which  the  tar- 
trates lose  water  of  CTjstalliBatinii  and  pass  into 
the  raeemate. 

20«H«O,iraNH«,4Aq  =  (C4U40,XaNH4.2Aq),+«HjO 
Sodloin  amm.  tartrate.       Sodium  anini.  raceiiiat<'. 

As  the  change  is  accompanied  by  ciiange  in 
vapour  pressure  of  the  saturated  solutions  and 

in  the  volume  of  the  crystals,  these  observers 
were  able  to  fix  very  accurately  by  tensimeter 
and  dilatometer  measurements  the  transition 

tcmperatoxe^  whioh  they  found  to  lie  26*7'*- 

27.70 

Examples  of  the  same  phoDomMion  have 
been  observed  in  the  ease  of  other  salts  of 
tavtaiio  aoid,  also  of  malio  aoid  and  other 
sahstaocea. 

Traasitiou  temp. 
Sodium  potassium  tartrate     ,        .  3" 

Potassium  tartrate  .  .  .  87*2^ 
RnUdhim      .,  ...  40*4'' 

Ammonium  lumalate      .       ,        .  74° 
Methyl  mauuoside        ...  8" 
Oampliorozime     ....  108* 
Propcriics  of  raccmic  minpounda.  Raccmic 
compounds  differ  in  the  following  physical  and 
chemical  properties  from  their  active  com. 
pononts : — 

1.  Crygtalline  form.  Many  active  substances 
crystallise  in  a dinecent  qrstem  from  the  racemic 
form:  the  former  often  exhibiting  hemihedral 
faoets,  whereas  the  latter  is  usually  holohedral. 

2.  Spccijk  gravtti/  of  the  two  oystalline 
substances  is  diilerent. 


SpedH 

Ic  gravity 
Baoemk 

Bobstsass 

Aottva 

Limonene  tetrabronude 

2-134 

2-225 

Oirvoxime         .  , 

M08 

1126 

Fenchoneoxime  . 

1-117 

1-142 

taoVenohoneozime 

1-184 

1-180 

rarvonetetrabromide  . 

2-242 

2-249 

Carvonctribrumide 

1-958 

1-958 

Sohrerol   •      •  . 

1*128 

1*131 

From  the  above  table 

it  appears  that  the 
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racemic  compounfls  have,  as  a  rule,  the  greater 
Hix'citio  uravity  (Liel>i»ch.  AuuiilDji,  ISO."),  '2Hii, 
140  ;  Waldcn,  Ber.  189U.  29,  1699). 

3.  S(iliihilit)/  and  mdtinij-point.  There 
appearii  lu  be  a  certain  reiatiun  between  the 
solubility  aud  melting-point  on  the  one  hand,  and 
the  apedfiogravitieii  oa  the  other,  of  the  raoeroic 
and  active  forma.  If  the  apeoific  gravity  of  the 
rat'  iiiic  compound  vs  prciitt  r,  llic  iiu  lting-point 
in  higher  and  it  is  alau  letui  soluble.  If  the 
Hpecitic  gravity  is  less,  the  melting-point  and 
solubility  arc  reversed.  The  ioUowing  examples 
exhibit  thoee  relatioobhips. 

Bp.gr.        M.Ik  8ela1ifllt7 


Substance       a.      r.      a.      r.  a. 
MaUc  acid     .  1-505  l  eol  lOOP  Rreater 
Camphoric  acid  118fl  f228  187'' 2U2=-tI()3^  greater 
Tattatio  acid  .  1'7M  1W7  W   204^  snater 
MandaHeaeid  rMll-a<iOl8QPm«-119MeM  i 


r. 

less 
less 


4.  Ahaorption  apxlm.  Them  have  been 
Hhown  ivv  .Si<'\vnrt  to  be  diffennt  in  the  active 
and  raci  iuic  lorms. 

5.  Water  of  cryslaUimlion.  It  is  a  common 
obeervation  that  Um  active  and  xacemio  forms 
umally  oontain  diierait  amountB  of  water  of 
crystalliKation. 

StUMtaaoe 
Tiirtario  acid  . 

Amnuiiiium  tartrate 

Pota.'^ium 
Thallium 
Sodium  „ 
Potassitim  lithium  tartrate 
Potassium  antimonyl  ^  . 


Strontium  glyceiata 
Barium 

Cat.  ill m  galaotonate 

Barium 


iH,0 

211  .O 
II  .() 

3H,0 
2H,0 

5H,0 

5H:n(?) 


H,0 
2H.O 

2h;o 


2H,0 
H,0 

24H\0 
2|H,0 


G.  Phyetoioyical  propcrlies.  (.liabrie  haa 
shown  tMt  raoemio  acid  ia  lees  iNiisonons  than 
the  active  tartaric  acids,  aud  Ticmann  and 
Schmidt  notice«l  that  inactive  terpenes  often 
have  a  fainter  odour  than  the  active  forma. 

In  dilute  solution  the  raoemio  compound 
diflfloeiates  into  its  two  active  oomponenta  and 
(■nn^-i  ([ui.ntly  tlir  sulntinii  iM-hnvfs  like  a  mixture 
of  tho  two  enantiomorphs.  It  has  no  action  on 
polarised  light,  and  such  properties  as  vapour 
presHUre,  »iK'cilic  gravity,  mnem  tir  mtation  and 
electrical  conductiviiy  (lu  lijc  uaftw  ul  an  acid) 
are  identical  witli  t)i<>»e  of  a  mixture  of  the 
active  oomponenUi.  The  vapour  density  is 
also  the  same.  Thtu,  AnscbiitB  (Ber.  1885,  18, 
1397)  lias  shnwn  lh.it  i^tliyl  raceuato  ia  mono- 
molecular  when  vapourineil. 

Metkoth  <{f  dMtngvMhing  racemic  eompounds 
frm/1  rni.rturt.".  'I'hc  criteria  for  determining 
wht'ilai'  iiu  lUttclive,  crystalline  suljstancc  is 
(1 )  a  nuxture  or  conrjlotneratf  of  ccjual  quantities 
of  the  two  kin<lH  of  crystab  not  forming  a  com* 
pound ;  (2)  a  true  raccntie  e/mpound,  that  is, 
a  coni[><»ninI  iisi-l  nf  i>qual  niolceules  of  the 
two  cuautiomorphbi ;  or  (3)  an  iaomorphous 
mixture  or  mixed  crystal  (called  also  a  pseudo- 
/iff/nir  cnmpound),  have  been  examined  by 
Bakliuis  lioozobooni  (Zeitsch.  ]>hysikal.  Cheni. 
1899r  28,  491)  from  the  .staiidiMjint  of  the  phase 
rule,  and  he  has  shown  that  the  mclting-j>onit 
and  s<olul)ility  afford  tho  most  trustworthy 
evidctK'o  of  nifrinism. 

Melting-point  oj  conglomeratts.    In  this  case 


each   i'n;mtionior]i}i    iiiu.st  r<"„'Hrilfil   as  >l 

separate  individual  aud  tho  uiultiug-puint  of 
each  (when  present  in  exeesa,  it  may  be  reffarded 
as  the  solvf'nt).  will  Ik*  Ifiwered  by  the  nudition 
of  the  second  enantiomurph,  the  eultclic  or 
mixturt!  of  minimum  mdting-point  being 
reached  when  both  are  present  in  equal  quantity. 
The  melting-point  curves  of  the  two  en&ntio* 
moipha  will  have  the  following  forra  i — 


If  A  an<l  B  represent  the  meItin^-))oint  of  the 
pure  la*vo-  and  dextro- enantiomorphs  (Land  d), 
AO  and  CB  will  represent  the  melting-point  curves 
of  each  of  the  enantiomorphs  when  mixed  with 

increasing  pmiMirl ions  of  the  other,  and  c  the 
melting-pouit  ot  tlio  inactive  mixture  when 
equal  quantities  of  the  two  are  }>resent.  (V>nw- 
quently  when  either  enant  ioniorph  is  added  to  t  ho 
conglomerate  tho  melting-^iut  will  be  runted. 

Melting-point  of  raeemie  etmijHfunds.  Tho 
meUing-poiut  curve  of  a  racemic  oomiiound  aud 
its  two  enantiomorphs  will  form  three  curves, 
for  therr  ari'  tliri'i-  iii(li\  iduals,  ;iiul  accoriliri^  tu 
whether  tho  raeemie  compuuad  has  a  higher  ur 
lower  melt}ng-i>oint  than  the  enantiomorphi  the 
curves  will  take  the  following  foma. 


L 

B 


B 
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Thus  active  diim  t]i\l  tartrate  melts  at 
43*3'^ ;  racemic  dunetliyl  lailrate  at  89'4^,  and 
the  curve  would  take  form  represented  in  Fig.  2, 
whilst  active  mandelio  acid  meltti  at  132-8^  and 
the  racemic  acid  at  11 8"  and  T^tjuld  have  tho 
ftjrm  shown  in  ¥\ii.  3.  Hi  ic  the  addition  of  a 
small  amount  of  cither  cuautiomorph  to  the 
raoemio  compound  wilt  tower  the  melting-point. 

MtUiiuj-point  nf  fsrndnrncunic  mixed  cry^tnl^. 
If  the  two  enant iumorphs  are  isomurphous  aiid 
form  nu\r.|  crystals  they  form  only  a  single 
phase  and  the  fusion-jx)int  will  dej)en«l  ui>on  tho 
composition  of  the  .«olid  which  sepnrates  from 
tlio  fused  masjs.  If  it  is  identical  ^nth  that  of 
the  fu«ed  mass,  a  constant  melting>point  for 
any  mixture  is  obtained.  This  has  been  ob- 
served in  the  cote  of  the  two  active  camphor- 
1  oximes.    Thv  curve  iti  theu  a  hurizuutai  line 
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joinlni;  the  melting-points  of  the  enMitioiiiorpfaB,  ^  F^.  7,  if  the  vertical  represents  the  oonoen* 


Pig.  4. 

This  properly  is  exhibittnl  hy  l-ftni\  1.3-nitro- 
pfathalates ;  tho  compounds  ihcniMclN cs  and 
nuztnre*  aielt  M  lid'*  also  by  2<Aiuyl*3«iutro- 


B 
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tration  of  the  laevo  and  the  hnrizrmtfil  thai  of 
the  dtxtro  cnantiomorph,  tho  upjKr  solubility 
curve  acb  rcpresenta  that  of  a  mixture  (abow 
or  below  the  transition  point  of  tho  raccmio 
compound).  Tho  point  e  >vill  lie  on  the  line 
OB  equidistant  botn'een  the  horizontal  and 
vertical,  sinoe  the  two  eoaatiomorpha  powew 
identieal  soluHUtiefl.  The  sohtbolity  eorre 
for  tho  puro  rarcniic  com|M)nnd  will  also  cut 
tho  line  OB  cither  abuvo  or  below  c,  depending 
on  the  temsition  temperature  and,  m  in  the 
formtT  rri-t',  tho  point  will  lie  a  maximum  or 
minimum  a(x;ording  to  whether  tho  solubility 
of  the  racemic  compound  incrcAses  or  decreaaes 
in  preMnce  of  esnieae  of  either  enMitiomorpb. 


phf  IuxIhU's  w  hich  molt  at  166°,  and  amy!  plionyl- 
carbamates  which  melt  at  31"  (W.  Man  kuald 
and  Nolda,  Ber.  1909,  42,  1683).  \ 

If,  on  tho  other  hand,  th^  stolid  which 
separates  diflen)  in  composition  trom  the  fused 
nuu>«,  the  melting-point  curve  will  be  either 
convex  or  comoave.  The  former*  fig.  0,  will 
oeeur  when  the  conoentration  of  the  aeoond 
♦■naiit iotnorph  in  the  »eparate<l  Hdlid  is  I<  ss,  the 
Utter,  Fig.  6,  when  it  ia  greater  than  in  the 
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fuso<l  mai"?.  Thr  t-iirvp  in  lioth  caaes  will  1h>  a 
continuouti  uii«t  and  reach  its  maxiruum  or 
minimum  at  a  when  eqtMl  <iuantitie8  of  both 
enantiomorphs  are  present.  A  maximum, 
91-4",  has  been  observed  in  the  oaae  of  th© 
(•arviixim<'s,  tlu'  niKtii ii'morplis  malting  at  72''; 
and  a  minimum  in  that  of  d  •  and  (ti-aroyl  carba- 
matca  (W.  Marekwald  and  Nolda,  Ber.  1909,  42, 
1583). 

The  alxire  criteria  in  ngard  to  the  nature  of 
an  inactive  substance  only  hold  in  tho  neighboor- 
h«K>d  of  the  melting-point^j.  At  other  tempera- 
turfH,  transformations  may  occur  of  a  racemic 
oompouncl  to  a  p<*eudoracemio  eompound  or  a 
oonglomeratc  or  tt'ce  versa. 

aalvtnlUies  of  raegmie  eompounth  and  mix- 
turf!.  Thn  phasi-  nilc  may  aI<o  be  applied  to 
the  equilibrium  between  a  racemic  compound 
or  mixture  and  its  aatnrate<l  .solution  in  nrrcisely 
the  same  way  as  t<»  a  mixed  ami  <l<Mihlc  .^alt. 
A  HVRtem  consisting  of  a  mixture  of  tin-  di  xlro- 
nod  la;vo-  enantiomorphs  in  eqnttibrium  with  a 
saturated  solution  is  a  3*c<imponcnt  system  and 
'm  invariant  for  a  given  tem|)cratnre.  The  iso- 
th.  rnial  ^oliiliility  curve  ui  cacli  will  vary 
(increAac  or  d(HTea.<ie)  with  each  addition  of  the 
other  enantinmorph  until  a  maximum  or 
minimTim  solubility  point  is  rrnf  hp<l  when  iMtth 
arc  pre»icnt  in  equal  quantity,  that  Di,  when  an 
inactive  mixture  i.s  formr-d.  If  either  enantio. 
n>f»rph  is  n<jw  a«lde<l  no  ehaiige  will  n-nult,  for 
tlu;  (Solution  is  saturated  in  regard  to  each 

toantjomofph  and  neither  will  bo  aigiiolved.  In 


The  curve  n'rfb',  in  Kic.  7,  repnwnt*!  the  .solu- 
bility curve  for  rubiilium  raeemate,  the  transi- 
tion point  of  which  lies  below  that  of  the  coj>- 
glomerate.  The  addition  of  an  exooss  of  either 
enantiomorph  will  introduce  a  new  phaae  and 
A  !i<-\v  cfiuilihrium  will  »•  i  i  f  li- t.i  1  Mhii-h 
wdl  lie  on  df  ur  dr  aceorfiing  to  the  enuntimorufa 
added  ;  in  other  words,  the  solubility  will  lie 
different  fmni  lliat  of  the  pure  mrrmic  com- 
pound, and  moreover  some  of  thi-  a<  live  com- 
ponent will  pass  into  solution.  Thus,  by 
comparing  the  oonoentrations  of  the  saturated 
solutions  before  and  after  addili(»n  of  tho  enantio- 
morph, it  would  1m'  possible  to  ascertain  whether 
the  original  subsUuicc  were  a  raccmio  compound 
or  a  conglomerate.  Moreover,  the  addition  of 
lither  enantiomorph  tn  fho  solution  of  the 
racemic  compound  would  produce  an  optioally 
active  solution  which  ooula  be  reaflily  >»f»si  rved 
in  tho  iKdarimeter.  Tlu'»e  facta  have  been 
demonstrated  experimentally  by  Kendrick  (]kt. 
1897.  30,  1749)  in  the  ease  of  r-ammonium 
bimalate. 

Partial  meemistn.   The  term  is  applied  to 

those  Cfi-<es  in  \\hicli  a  double  salt  i.s  fornHtl. 
con&ifiting  of  equal  uiolecules  of  two  active  com- 
ponents which  are  not  enant  iomorphs.  The 
phenomenon  wm  lirsf  nhs-crvcd  Ly  Pasteur,  who 
obtained  crystals  of  n  (IniiMe  .siilt  ammonium 
d-tartratc  and  ammonium  /-nmlnte.  Another 
form  of  combination  to  which  liadcuburg  tir»t 
'  ai>plied  the  term  partially  racemic  compound 
was  olx^erveil  by  him  in  tin:  lasn  tif  quinine 

f>yrotartrate,  which  forms  three  series  of  salts, 
rom  one  of  wiiich  tile  li^MicI,  from  a  second  the 
/  acid,  and  from  a  third  the  inactive?  arid  was 
separatoel.  The  quinine  in  the  third  rase  mu«t. 
then-fore  have  united  with  the  utiro.<olved 
raci'iiiic;  aciil  or,  what  anunuit.-*  t*»  the  same  thiiijj, 
a  double  salt  of  quinine  d*  and  /-tartrate  utu.->t 
have  beeo  formed. 
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An  example  of  a  similar  kind  wm  observed 
by  Pope  (Chem.  Soo.  Xnnfi.  1808»  73,  902)  in 
which  the  mactiTe  base,  r-tetrahydropapavenne, 

was  found  t^)  form  a  double  salt  witli  (/-tartaric 
acid.  In  the  above  cases,  the  solutions  will  be 
•otive  and  the  two  oomponents  will  have  dfiffsfent 
melting-points  and  soluhilitios.  Consequently, 
neither  meltinc-point  nor  itolubility  curves  will 
be  lyiiiinetrioaL  In  the  latter  case  tho  cur\  c 
win  resemble  that  of  an  ordinary  Llmihlc  salt. 
If  it  lies  beyond  the  transition  point,  tho  point 
of  inaxiniuin  or  ininiinum  sululnlity  will  not  lie 
ou  OB  and  the  addition  of  either  enantiomorph 
to  the  loliitioa  of  the  original  material  would 
effect  no  lIhu  'i  .  Similarly  if  tlu-  solubility 
curve  were  drawn  U:low  the  transition  point  it 
would  hftve  the  foim  a'^.  abown  in  Eig.  9,  and 


Fio.  8. 

throe  different  aolutions  could  bo  obtained  cone- 
apondfaif  to  e,  d  and  /,  that  is,  the  addition  of 

cithiT  inantioraorph  to  tho  ymrtially  racciuic 
compound  would  alter  tho  concentration  as  in 
the  OMe  of  the  racemio  compound. 

Racemic  liquids.  The  question  of  tho 
existence  of  racemio  liquids  has  frequently  Ixit-n 
dieeuBsed.  Ladmburg  found  that  by  mixins; 
d>  and  leonine  a  decrease  of  temperature  of  1*4° 
was  observed  and  concluded  that  the  product 
M'aa  a  racomu-  liquid.  As  the  mixing  <>!  two 
enantiomorphs  would  produce  no  change  of  tcm- 
peirataiie,  nnlem  change  of  internal  enei^gy  foK 
lowed  by  combination  of  somo  kind  had  occurred, 
Ladenburg  was  probably  correct  in  supposing 
that  ft  racemic  compound  was  formed  ;  but 
tho  experiment  does  not  prove  that  tho  whole 
product  is  racrmic  (A.  Meyerhoffer,  Gloich- 
gewichU'  (irr  iStorfoiufren.  ]><  ijizig,  1900).  That 
auoh  an  equilibrium  mixture  of  oonglomeiate 
and  raoemio  oompound  can  exist  in  a  fused  state 
follows  from  a  study  of  tho  temiH-raturc-pressun; 
curves  of  raceitiio  and  t^irt^aric  acid,  the  fusion 
curves  of  uriuch  must  be  continuous.  There  is 
nothing  surprising  in  the  fact  that  tho  maLtiotic 
rotations  of  ethyl  tartrate  and  raoomaio  are 
idontical  (Perkin,  Chem.  Soc.  Trans.  issT,  .">1, 
36li)  aa  thiia  pcoparty  i»  dotermined  only  by  the 
number  and  kind  of  atoms.  The  same  appfies  to 
specific  rotation  (Pojje  and  Peachey,  Chem.  Soc. 
I'rans.  1899»  76,  1117}.  The  density  of  ethyl 
tartrate  and  raomnate  and  other  active  and 
racemic  liquids  (such  as  conine  and  trlrahydro- 
quiuuline)  arc  alno  identical.  The  same  uiipoars 
to  be  true  of  the  boiling-point.  Limoneno  an<l 
dipentene  and  active  ana  racemic  malic  ester, 
however,  show  small  diflferences  of  l'^  or  2". 
I'll'  soliibilitioH  i»f  active  and  inactive  liquid 
earvoxiuie  in  alcohol  are  the  same. 

The  observation  that  the  mto  of  decomposi- 
tion of  camphor  cerboxylio  acid  in  aoetojduoone 


solution  is  3  p.c.  less  when  a  mixture  of  d-  and 
{•aoida  is  used  than  when  either  is  present  alone 
seems  to  offsr  evidence  of  the  existence  of 

racomic  compotmds  in  the  liquid  state  or  in 
solution  (Faians,  Zeitsch.  physiliaL  Chem.  1910, 
78,  26).  J.  B.  C. 

RACHITOL  V.  Stnthrttc  dbxtos. 

RACK-A-ROCK  v.  Expi,o.srvKS. 

RADDLE.    A  I  ji  il  of  rod  ochre  t>.  Rebdle. 

RADIOACTIVITY.  I.  Tho  science  of  radio- 
activity dates  from  the  year  1896,  when  H. 
Ill  <  iiiK  rol  made  the  important  discovery  that 
uramum  salts  tj^ontamously  emit  radiations 
capable  of  afbcting  photographic  plates  and 
of  ponotratine:  con.'iidorable  thickness  of  matter 
(Compt.  rend.  I  SOO).  The  radiation  did  not 
decrease  with  time,  and  its  intensity  was  inde- 
pendent  of  the  pliysical  conditions  to  which 
the  uranium  waa  subjcctc<i.  The  radiations  also 
produced  phosphorescence  in  certain  materials, 
such  a«  7inc  sulphide  and  ionised  gases  through 
wlueh  they  iiasscd.  By  an  examination  of 
various  comjxiunds  containing  uranium  .Mnie. 
Curie  was  able  to  show  that  the  intensity  of 
theradiation  depended  only  on  the  amottntof  nra- 
nium  in  the  specimen  examined,  and  not  on  its 
composition.  The  name  radioactivtli/  wan  given 
to  tho  newly-discovered  property  of  uranium. 
In  1898  it  was  shown  independently  by  C..  C. 
Schmidt  (Wied.  Ann.  1898.  66)  and  l)y  Miiio 
Curio  (Compt.  rend.  189S)  tliat  the  proj)crty  of 
radio-activity  was  shared  bpr  thorium  com* 
liounds  and  minerals  contatnmg  that  dement. 
A  little  later  Mme  Curie  shoM-ed  that  the  content 
of  different  minerals  in  radio-active  material 
varied  greatly,  and  that  some  minerals  were 
even  more  active  than  metallic  uranium.  Such 
w&H  ihe  caso  with  pitchblende  from  Joachimst&l, 
and  it  therefore  seemed  that  the  radioactivity 
of  this  minscal  could  not  be  entirely  ascribed  to 
uranium.  VHirther  investigations  by  M.  and 
Mme  Curio  led  to  the  chemical  ho  [Miration  of 
hijjhly  radioactive  substances  from  pitchblende, 
with  the  result  that  two  new  Tad«MM,4ive 
elements,  pofnninm  and  radium,  vere  discovered 
(Rechorche4i  sur  les  Substances  Radioactives, 
2nd  ed.,  Paris,  IQOi),  A  third  radioactive 
clement,  actinium,  was  subsequently  isolated 
from  pitchblende  by  Debiemo  (Compt.  rend. 
1899  and  19(H  I).  The  method  of  separating  these 
elemcnta  from  pitchblende  consisted  in  sub- 
jecting the  mineral  to  certain  diemical  reactions 
and  t  xamiiiin'^  with  an  <  lootro.«co]ie  the  radin- 
aciivity  of  tlio  products  obtained.  The  method, 
in  fact,  wa.s  one  of  ordinary  ftaotionatioa  in 
which  chemical  te^ts  were  replaced  by  electro- 
scope measureniiLiit**.  The  three  new  radio- 
active elements  polonium,  radium,  and  actinium, 
are  precipitated,  respectively  bom  uranium  ores 
with  bismuth,  barium,  and  certain  rare  earths, 
notably  thorium.  Suih  ]in  rI|iitfltioii.^  formed 
the  starting-point  for  the  separation  of  these 
bodies,  but  as  the  new  elements  closely  resemble 
the  elements  with  which  they  are  ]>rroij>itated. 
their  further  purification  %vh«  a  intilter  ot  con- 
siderable difficulty.  Uliinintely,  however,  very 
active  preparations  of  salts  of  all  three  elements 
Ijave  tweii  prepared,  and  in  tho  ca.se  of  radium, 
in  sufln  II  ti(  quantity  and  in  a  Ktatc  of  .sufTicicnt 
purity  fur  atomic  woitdit  determinations  to  bo 
made.  In  some  early  experiments  Mum  Curie 
found  the  value  236  for  the  atomic  weight  of 


Digitized  by  Google 


sADioAonvrrr. 

radium,  and  hl  Inter  exporimcnta  220-2  (Compt.  »  gradually  loses  its  Mltivity,  and  it  is  found  thai 
rend.  1907,  145).  Thorpe  has  also  made  a  at  any  timo  the  sum  of  tho  actlviiio^  of  the 
determination,  and  gives  the  value  227  (Proc.  ,  emanation  which  has  been  Bcparated  from  the 
Koy.  See.  80,  0.  Honigschmid  (Wicn.    radium  and  that  which  ia  uiiseparated  ia  con- 

Akad.  Aozeicer.  1911»  19,  1),  uom  a  series  ol  |  stant.  The  explanation  of  this  wit  will  be  seen 
oonooidant  determinatioiu  m  ^wUdi  from  06 1  later.  Radinni  emanation  can  be  eolteoted  in 
prm.  to  upwards  of  1  grm.  of  RaCl,  were  em-  j  oomparativcl\-  large  quantity,  so  that  its 
pluycd,  found  that  Ba=2^95  (Agaal07'88  and  I  chemioal  an<l  physical  properties  can  be  studied. 
CI  35*457). '  The  sprk  speoteum  of  vadium  has  It  is  a  matter  of  great  dilRoalty  to  purify  the 
also  bofn  ejcamiticd  by  Demar9ay  (Compt.  rend,  i  emanation  from  the  other  gases,  but  uv  sjx'cifil 
1898,  127;  1899,  129;  and  1900,  131)  and  |  methods  thin  can  bo  done.  By  a  somewhat 
others,  and  tho  flame  spectrum  by  Giesel  (Phys.  j  indirect  method  it  has  been  sho\m  by  Ruther- 
Zeit«ch.  1902,  3).  Both  spectra  have  been  .ford  and  Geiger  that  it  should  be  possible  to 
oareftdly  studied  by  Run ge  and  FteohtfAnnalen  extract  from  one  gram  of  pure  radium  0-585 
Phys.  1903,  10;  1904.  14).  The  jx  trum  of  cubic  mm.  of  pure  emanation  (Proo.  Koy.  Soc. 
raaiom  shows  obtain  important  similaritiee  to  i  1908,  81).  Tins  value  has  been  found  by  direct 
those  of  mag^nesinm,  calnmB,  strontium,  and  I  eximriment  to  be  oorreot  by  Ramsay  and  Soddy 
barium,  to  which  proup  of  rlrrnrntH  rR  lium  {ibid.  1903,  72)  and  Rutherford  (Phil.  Mag 
belongs.  Pure  metaUio  radium  ha«i  been  isolated  1908).  The  nature  of  the  emanation  has  been 
byCkuie  and  Debiane(Oompt.  rend.  1910, 151),  ;  carefully  sfeadied,  and  it  has  been  shown  to 
and  an  amalfiram  of  the  metal  is  knowa  (Goebn,  behave  in  every  way  exactly  as  an  ordinary 
Ber.  1904,  37).  ,  gas.    It  can  bo  condensed  to  a  liquid  by  cool- 

Badioactive  emanaiioM,  It  was  found  that  '  mg,  and  its  boiling-point  is  given  by  Rutherford 
when  meaemring  the  ionisation  prodooed  by  |  and  Soddy  M  —150°  under  ordinary  conditions 
thorium,  the  lesDlts  -were  greatly  disturbed  I  when  mixM  with  air  (r&uf.  1903). ^enporified 
when  air  (  urrcnts  were  set  up  in  tho  vessel  con-   it.s  condensation  point  rises  wth  increase  of 


tainiitg  the  thcvinm.  These  disturbances  were 
tnoeaby  RatlMrf<wd  to  the  faet  that  thorium 

salts  continuously  emit  a  temporarily  radio- 
active gas,  which  he  named  an  tmancUion  (Phil. 
Hag.  Jan.  1900).    Similar  radio-active  gases 


pressure,  and  beoomes  —66'  at  atmospheric 
pressure  (Rutheifbld,  190B).  The  emana- 
tion also  diffuses  as  other  fjases,  anil  disFolvea 
in  liquids,  and  Boyic  has  shown  that  it  obeys 
Henry's  law  of  solution  {ibid.   1911).  The 


have  since  been  shown  by  Dom  to  be  given  off  j  spectrum  of  the  emanation  has  been  mapped 
by  radium  (Abhandlungon  der  Naturtorscher-  by  Rutherford  and  Royds  {ihid.  1908).  The 
%-ersammhmg  zu  Halle,  1900),  and  a  similar  value  of  the  atomic  weight  of  radium  emana- 
emanation  has  been  found  by  Bebieme  from  •  tion  can  be  predicts  from  theoretical  con> 
actinium  (Compt.  rend.  1009,  186).  The  I  siderations  as  222.  A  diieet  determination  by 
activity  of  all  these  pases  is  not  permanent,  but  !  Gray  and  Ramsay  gives  220  (Proc.  Roy.  Sne. 
falls  off  in  geometrical  progression  with  time,  i  1911,  84).  Chemically  the  emanation  Ix-haves 
indicating  tnat  some  oliaa^  is  ]xrooeeding  |  as  an  inert  gas,  and  seems  to  be  monatomio 
which  foMo'wg  the  same  Xvlw  as  a  monoatomie 
chemical  reaction.  Tlic  activity  of  tiio  actinium 
emanation  decays  so  quickly  that  after  3*7 
seconds  it  has  i^iJka  to  half  its  original  value. 
The  thorium  emanation  takes  fSSi  seconds  to 
lose  half  its  activity,  and  the  a:  ii\  if  v  of  radium 
emanation  is  much  more  permanent.  falUng  to 
half  value  in  %*d6  days.  The  propeities  of  the 
cmanati'iT-s  nre  in  many  ways  analopous.  but 
on  account  of  the  slow  decay  of  its  activity 
more  i.<«  known  about  radium  emanation  than 
about  that  izom  thorium  or  actinium.  The 
rate  of  evohition  of  the  emanation  from  radium 
depends  largely  on  the  phy.-<ieal  state  of  the 
radium  salt.  Thus,  if  very  oarefully  dried*  Ims  i  excited  in  them.  Analogous  phenomena  were 
emanation  is  evolved  than  when  the  salt  is  discovered  by  Rutherford  for  thorium  (Phil. 


and  to  Ixdonp  to  the  arpon  family.  'J'he  pro- 
perties of  thorium  and  actinium  emanations 
have  not  been  so  fully  studied,  on  account  of 
the  difficulty  of  obtaining  sufficient  quantities 
of  these  gases,  but  there  is  every  reason  to 
believe  that  they  have  similar  pri)j)erlie.s. 

The  actitfe  deposiUt. — In  an  important  in- 
vestigation Curie  has  sho^vn  that  bodies  brought 
into  the  neighbourhood  of  radium  themselves 
become  temporarily  radioactive,  having  an- 
quired  the  property  of  emitting  radiatiin^ 
even  when  removed  from  the  presence  of  the 
radium  fComnt.  rend.  1899,  129).  The  bodies 
were  saifl  to  nave  had  radio-aetivitv  induced  or 


moist.  A  solution  of  a  radium  salt  evolves 
» iiianation  still  more  freely  and  by  hoilinff  can 
be  completely  deprived  of  the  enumation  con- 
tained in  it.  When  the  rmanalioii  lias  heen 
expelled,  the  salt  is  said  to  he  de-tmamUed. 
Dc-cmanation  can  also  be  effcrted  by  heating 
a  radium  salt  to  about  800^  It  thus  appears 


.Mag.  1900)  and  by  Debierne  for  actinium.  Tho 
activity  so  induced  was  jiooa  sbomi  to  be  trans- 
ferred to  the  iKidtes  made  active  by  the  emana- 
tions eseapiug  from  tho  radioactive  soyrces. 
The  activity  produced  was  only  temporary 
as  with  tho  emanations,  but  the  rates  of  decay 
were  difinent  from  those  of  the  emanations 


that  only  a  definite  quantity  of  emanation  I  and  eharaoteristio  of  the  element  indueinir  the 

bf  extracted  at  any  time  from  a  given   activity.    Subscqunit  experiments  have  .shown 


CHU 


quantity  of  radium:  but  it  is  found  that,  that  bodies  made  active  in  this  way  could  l»o 
the  radium  gradually  regains  its  powder  of  1  deprived  of  their  activity  l>y  nu  chanical  means 
f-manating.  After  3-85  days  half  the  nripinal  such  a.s  rubbing  on  a  rougli  surface,  or,  chemi- 
amount  of  emanation  can  again  be  tirawii  callv,  by  immersion  in  byilrtjt  hlorin  or  nitric 
off,  and  after  tho  lapse  of  some  weeln  as  |  add.  Also  by  strongly  heating  the  surface, 
much  emanation  can  be  coUectc<l  as  was  the  activity  was  removed.  It  therefore  an- 
originally  extracted.  While  the  radium  is  .  pcared  that  induced  activity  is  duo  to  the 
reining  its  emaiiatiBg  power*  the  emanatkm  I  depoeitkm  of  radioaoiive  matter ;  the  name 
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*  inrfncod  activity'  has  thrrcforo  bcon  abandoned 
and  replaced  by  the  name  active  df posit.  The 
decay  of  activitv  of  the  active  deposits  iB  com- 
plicated, and  depends  on  the  conditions  of 
deposition,  but  after  the  lap^o  of  some  hours 
tlH>  activity  decays  in  a  geometrical  ])ropresHion 
with  time,  falling  to  half  value  io  26  minutes 
for  ndinm,  86  minvtM  for  Mtiniam,  tad  ID'S 
]iour<4  for  thorium. 

The  phenomena  described  show  that  the 
elenenta  radium,  thorium,  and  actinium  spon- 
tanwuisly  give  rise  to  a  number  of  different 
forms  of  radioactive  inatttr  with  definite 
Ohomical  and  physical  {mjperties,  and  the  pro* 
oesaes  involved  seem  to  take  pkoe  independently 
of  external  oondittons.  To  explain  tneee  faete 
the  theorv  has  Ix-en  put  forward  by  Rutherford 
and  Soildy,  that  radioactivity  is  due  to  the 
dirintegTfttion  of  the  fmdkwotiTe  elemento.  and 
that  the  radiations  emitted  are  the  manifesta- 
tion of  this  process  (ibid,  1902).  ThuH,  in  the 
eaae  of  radium,  the  atoms  are  slo>vIy  but  con- 
tinuously breAking  up,  and  at  each  disintegra- 
tion of  an  atom  an  a  particle  is  evolved,  bo  that 
there  is  formed  a  new  atom,  the  emanation, 
with  a  lower  atoniia  weight  possossing  chemical 
and  physical  proportiee  difleflvnt  from  thoie 
of  radium.  The  atoms  of  emanation  in  ttini 
break  up,  giving  rise  to  tht>  active  deposit.  The 
ktter  has  been  shoun  to  consist  oi^a  oompli- 
rate<l  niixtun'  of  products  formed  consecutively 
as  the  rciiult  uf  a  series  of  atomic  disintegrations. 
These  are  kno\vn  respectively  as  radium  A,  B, 
C,  J),  £.  and  F.  A  mathemaiioal  tbeocy,  based 
on  th»  above  aaramptioiw*  has  been  worlnd  oet. 
and  has  bct  n  of  the  greatest  service  in  analysing 
the  oomplioated  phenomena  involved  in  radio- 
active traiiBfoniiations.  In  a  simple  tranrfor- 
mation  the  activity  falls  off  as  a  ^r-orrctrioRl 
progression  with  time,  ami  assuming  ttiat  tiie 
loniaatkm  produce<l  is  proportioaal  to  N.  the 
number  of  atoms  breaking  up  per  second,  vre 
have  the  relation  N=NoC-W,  where  No  is  the 
intensity  of  tlio  activity  at  the  iH^ginnii  u'  nd 
A  is  a  constant  characteristic  of  the  particular 
atom  considered.  Differentiatmg  the  above 
equation,  it  is  seen  that  p,  the  rat»  of  disin 

tegration  of  the  matter,  is  pi-vcn  by  =A.N 

so  that  A  reprcscota  the  fraction  of  the  total 
number  of  atoms  disintegrating  per  second. 

The  qnantlty  |  Is  sometimes  taino  as  defining 

the  rate  of  decay  of  a  radio-active  element,  and 
is  called  its  mean  life.  It  is  more  usual  to  define 
the  rate  of  decay  by  the  time  taken  for  the 
number  of  atoms  present  to  decrease  to  half  their 
original  number.    This  time  t  is  connecte<l 

with  A   by  the  relation  t=  Mog,2=0-fi93 J. 

This  quantity  is  called  the  Hmf  perioi  of  the 
product.  It  must  be  understood  that  the  above 
equal  ions  give  a  statistical  re[tr(^ntation  of  the 
phenomena,  and  are  only  true  nrhen  the  ntimber 
of  atoms  involve<l  is  large  eomparcd  with  the 
number  breaking  up  per  Hccond.  In  this  case 
the  laws  of  probability  apply,  but  if  the  number 
of  atoms  is  small,  this  is  no  loo^r  the  case. 
From  a  knowledge  of  the  way  in  which  a  radio* 
active  priK!u<  (  rlctius.  ifs  rale  iT  i:riiwfh  from 
a  coiistatit  source  ot  f*uj»j»Iy  can  c«ioulate<l. 
Thus,  to  take  as  an  example,  the  cose  of  radium 
which  disintegrates  so  slowly  that  the  number 


of  atoms  present  docs  ii"t  vary  sensibly  over 
a  short  time.  Supj^ose  tiiat  the  radium  has 
been  de -emanated,  it  is  repaired  to  find  the 
quantity  of  emanation  present  in  the  radium 

at  any  subsequent  time.  Let  q  be  the  number 
of  atoms  of  emanation  produced  from  tl  '  i  i  lium 
per  second,  and  let  N  be  the  numl>cr  of  atoms 

present  after  a  time  U   Then  ^  =g— aN,  where 

\  is  the  radio-active  constant  of  the  emanation  ; 

for  the  number  of  atoms  of  emanation  disin- 
tegrating per  second  is  given  by  aN.  After  a 
long  time  when  the  number  of  atoms  of  emana- 
tion formed  equals  the  number  breaking  up,  the 
emanation  -mW  have  come  into  equilibrium  with 
the  radium ;  there  will  then  be  some  definite 
nundxT  Nq  of  atoms  of  emanation  present. 
By  integrating  the  above  equation  we  get 
N=N,(1— e-^),  since  when  fsoD.  q=KS^  ;  tor 
ultimately  the  number  of  atoms  of  emanation 
dimntegrating  becomes  equal  to  the  number 
formed  from  the  radium.  When  this  stage  is 
reached  a  state  of  rn^io-fflitr  rquiWirium  is 
said  to  have  been  sot  up  In'tween  tlu>  two 
products.  It  will  be  seen  that  the  equation 
giving  the  rise  of  the  number  of  atoms  of  emana- 
tion from  de-emanated  radiam  is  eomplementaty 
to  that  for  the  decay  of  the  emanation,  showing 
that  the  total  number  of  atoms  of  emanation 
equivalent  to  a  definite  quantity  of  radium  in 
constant,  whether  it  is  associateci  %»ith  the 
radium  or  has  been  scftarated  from  it.  The  pro- 
cesses which  have  been  exemplified  by  the  case 
of  radium  hold  gcQcrally  for  all  radio-active 
bodies,  but  the  decay  constants  are  different  in 
every  case.  A  peneral  xprossion  has  been 
given  by  i^teman  for  the  number  of  atoms  of 
any  product  present  at  any  time  in  a  series  of 
successive  products  if  the  nuniher  of  atoms 
uf  each  pro<iuct  present  at  some  tixc<t  time 
is  known  (Pkoo.  Chmb.  PhiL  Soe.  1910, 16). 

The  disintegration  theory  frequently  pives 
a  means  of  detecting  new  products  and  of 
estimating  their  radioactive  constants :  but 
it  is  oft<^n  neeespary  to  separate  products  from 
each  other  to  exannne  them  alone  under  simple 
experimental  condition.s.  There  are  thn  e  ways 
of  doing  this.  Firstly,  by  chemical  means  which 
can  be  exemplifiMl  Irv  the  fimt  separation  made 
hx  frookes  fKoc.  R.*y.  Soc.  IfKlO.  W).  Uranium 
can  be  precipitait<l  from  its  saltss  by  addition 
of  ammonium  cHrlKmate;  the  pnK}ipitat««  is, 
however,  diKfiolve<l  by  excej<sof  the  reagent,  but  a 
strongly  radioactive  light  browTt  re«<idue  contain - 
ingiron  and  other  impurities  is  h  ft  in  suspension. 
The  activity  decays  to  half  value  in  22  days, 
showing  that  the  residne  contains  a  product 
w  hich  lias  been  called  uranium  X  (q.v.\.  There 
are  many  other  casee  of  auoh  chemical  separa- 
tions \riiich  might  be  cited.  A  second  method 
of  separating  products  is  by  fractional  distilla- 
tion. Mc»t  of  the  radiuuctive  product:*  bod 
at  Idgh  temperatures,  though  there  is  evidence 
in  many  cases  of  volatilisation  even  at  ordinary 
temperatures.  By  heating  to  a  suitable  tem- 
per.it  u  re  a  separation  of  two  or  more  products 
can  therefore  be  effected.  A  third  way  of 
aeparating  sucoestiive  radio-active  products  is 
by  the  met  hod  of  r^roit.  When  nn  atom  emits 
an  a-particle,  tho  residual  atom  eonetiLult;**  the 
product  next  in  the  radioactive  series.  Now, 
since  the  a  pvtiofe  possesses  considerable 
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nonwDtim*  the  niidiM]  atom  receives  a  shock 
sufficient  to  cnrn'  it  Komc  distance  in  a  dirt'cf  ion 
opposite  to  that  in  which  the  o-jtarticlc  is 
trftreUinff  before  it  is  brought  to  rest  by  col- 
Ikknu  with  moh-ciiks  of  the  medium  througb 
which  it  18  moviiiL'.  At  atmocphcrio  pressure 
an  atom  will  travel  uhout  0- 1  ?i:ri;.  through  air. 
Take,  for  example,  the  case  of  radium  B  formed 
bom  nMlram  A.  The  velodty  of  the  a  particle 
from  RaA  is  1-77  'X  10«  crrm.  jht  second,  and  since 
the  a  }>article  id  a,  charged  utom  of  heiiunt,  its 
atomic  weight  is  4.  The  atomic  M'eight  of 
RaB  is  214.  so  that  from  the  laws  of  momentum 
the  atom  of  RaB  must  he  travelling  at  the  rate 
of  3-3  X  10'  cms.  per  second  immediat«  ly  after 
the  ezpnlflion  of  the  a  particle.  Kow*  it  has 
been  shown  by  Rnse  and  M*1tower  {tbid.  1909, 
82)  lliat  the  recoiling  atoms  trnvil  considerable 
distances  throuch  a  vacuum,  and  can  be  collected 
on  a  surface  |>lace<l  to  receive  them.  In  this 
WTiy  RaB  may  he  com|.l<'tcIy  «pparated  from 
RaA,  and  can  be  obtained  in  a  HtAte  of  high 
pority.  A  Bote  oonvvnisnt  way  of  effecting  t  ho 
separation  was  diaoovered  mdepcndontly  by 
Hahn  and  Meitner  (Verh.  der  Dcutsch.  Physik. 
Ges.  il,  :n,  who  give  a  nu  tliod  of  avoidintr 
working  in  vacuS.  To  take  the  same  example 
aa  above,  if  a  plate  eoated  with  BaA  is  charged 
positively  and  a  .second  nepativcly  charge*! 
surface  is  brought  near  the  first  plate,  the  ro> 
ooUiogatoms  of  RaB  are  collected  on  the  negative 
uTtrfarf.  Hahn  an<l  Meitner  have  in  this  wav 
Isolated  several  new  pitiducts,  amongnt  which 
may  be  mentioned  thorium  D  and  the  product 
xadiam  Cf*  which  will  bo  mentioned  later. 
Ijiter  experimentR  by  Ross  and  Makower  and 
Makower  an*l  Evans  have«howii  that  a  'recoil- 
stream  '  of  atoms  of  RaB  is  jiOMjtively  charged, 
and  can  be  defleeted  when  passing  through  an 
electric  or  mafjnctic  field  (Phil.  Mag.  1910). 
The  exf»erin:ent8  show  that  the  recoiling  atomi* 
mo  ve  with  avelocity  of  3-23  X 10' cms.  per  second, 
and  each  catty  a  unit  chane  of  electricity.  A 
rough  determmation  of  the  atomic  weight  of 
RaB  i^j  also  made  which  agrees  with  the  value 
predicted  by  theorv.  The  pnxluvt  RaCs  has 
been  fortheretodiedlby  Fa  jans  ( Ph>'sika].  Zeitaoh. 
191 1.  12).  who  shows  that  HjiV'j  is  formed 
only  in  very  small  quantity  from  llaC,.  From 
TBOent experiments  it  appears  that  on  breaking 
np,  fin  atom  of  Ra(\  usnally  gives  rise  to  RaD. 
but  occasionally  an  atom  of  RaC,  is  formed 
instead.  RaC.  is  not  intermediate  between 
RaC,  and  Rai),  but  oonstitatea  a  side  branch. 
Another  caae  of  a  side  braneh  has  recently  been 
discove  red  hv  Anfonoff.  who  find.<<that  uranium 
can  x>roduco  a  product  named  UrY  in  small 
quantity  aa  an  alternative  to  UrX  (Phil.  Mag. 
19II). 

A  general  survey  of  the  known  raditmctive 
doflMMits  and  their  connaofeion  with  each  other 
will  now  bo  given.  No  connection  has  yet  been 
fuund  between  thorium,  radium,  and  actinium 
and  their  products  of  disintegration.  It  seemn 
DeverthsloM  probable  that  radium  and  actinium 
are  related  In  some  way  ss  yet  not  understood. 
The  element  polonium  has  Ihtii  shown  to  Ik-  a 
diaintegratif>n  prinluct  of  radium  and  to  l>e 
ideatioal  with  RaF.  A  definite  relation  has 
been  cfitahlished  between  iiranhtm  and  radium. 
Jast  as  is  the  case  with  all  radio-active  elements, 
radhim  is  oomkMitiy  disintqgcatiiig*  It  can 


easily  be  calcnlated  that  the  time  period  'if 
radium  is  about  2000  years,  so  that  it  is  difficult 
to  uiiderstarul  how  this  element  can  have 
persisted  through  geological  ages  in  minerals, 
unlets  it  is  bemg  supi^ied  iiom  some  souroe. 
It  was  Bogicested  Rntherford  and  Soddy 
that  the  supply  was  deriv(^d  from  "uraniuin, 
and  this  has  since  bt^a  proved  to  be  the 
case  by  the  experiments  of  McCoy  (Bcr.  1904, 
37),  Boltwood  (Phil.  Maj:.  1005),  and  Strutt 
(Proc.  Roy.  Soc.  tc),  who  have  shown 

that  the  ratio  of  the  amount  of  ndium  to  that 
of  uranium  in  old  minerals  is  nearly  alwava 
constant.  This  is  exactly  what  would  be 
expected  if  radium  were  produced  from  uranium 
and  sufficient  time  had  olapeed  for  radioacttve 
eqtiilihrinm  to  be  set  np.  Experiment  has, 
however,  failed  to  reveal  tlic  production  of 
radium  from  uranium,  although  the  transforma* 
tion  should  bo  proccc<ling  sufficiently  rapidly 
to  be  detecto<l.  Soddy  has  shown  that  not  more 
than  inJjKi  of  the  amount  of  radium  to  be  expected 
is  formed  from  a  solution  of  uranium  (Phil. 
Mag.  1905).  The  explanation  of  this  discrepancy 
has  been  given  by  noltwood,  who  has  istilatod  a 
product  of  very  Ioul'  p<ri'i<l  l)etwcen  manium 
and  radium,  named  by  him  ionium  {q.v.)  (Amer.  J. 
Sol.  190A,  1907,  1908). 

In  the  thnrinm  scries,  some  very  active 
products  have  been  *»e|)arute<l  by  Hahn, 
who  has  shown  that  thorium  is  immediately 
followed  hy  three  products  hcidcs  'I'hX  before 
the  tinaualion  i**  reached.  These  have  been 
called  mesothorium  1  and  2  and  radlothorinm 
respectively.  Hahn  has  prepared  specimens  of 
mesothorinm  of  sntivity  nearly  equal  to  that 
of  radium.  A  compl'  tc  list  of  the  known  r;ulio- 
acttvo  elements  is  given  in  the  table,  together 
with  impor^t  data  relating  to  them.  In 
the  case  of  prtKlucts  which  emit  n-rriys  the 
ranges  in  air  nt  atmospheric  pressure  and  0" 
are  given.  The  analogy  between  the  threo 
emanations  and  the  pr> 'ducts  immediately 
following  them  is  very  strikin;;. 

In  the  table  lead  is  given  os  the  last  dis- 
integration product  of  uranium  immediately 
following  RaF.  Thongh  there  is  no  direct 
profif  that  this  is  the  case,  all  exisitin;-M'vidc!H  pi 

!)oints  to  this  countH  tion  between  uranium  and 
ead-  Direct  proof  of  the  point  conld  only  be 
obtained  by  obtaining  pf)lonium  in  sufficient 
quantity  to  test  whether  lead  is  pru<luccd  from 
it,  but  thie  has  not  yet  been  done.  The  indirect 
evidence  upon  which  the  conclusion  is  based  is 
of  two  kind.H.  In  the  first  place  the  work  of 
Boltwood  has  shon-n  that  lead  always  occurs  in 
radioactive  minerals  in  such  amount  as  is  to  be 
expected  if  it  has  been  formed  from  nraninm 
fAm<-r.  J.  Sci,  lOO.",  1'107).  Tlic  crmchislon 
drawn  by  BtiltwtKKl  is  also  supported  by  the 
following  theoretical  consideration.  Polonium 
(H.iF)  is  fi  rmed  from  ra«1ium  ns  the  result  of  a 
nund>er  of  transformations  involving  the  loss 
of  .seven  a  particles.  Now,  Kince  the  at^imic 
weight  of  uranium  is  238-5,  and  that  of  each 
o-partide  is  4,  the  atomic  weight  of  polonium 
should  bo  210*5.  Now,  polonium  emits  a 
particles,  so  that  the  atomic  weight  of  the  next 
prodnct  »«ho«ld  be  S06*5,  a  value  which  is  very 
close      tli<'  l<ni>WM  af.imi'-  wt  i|_di<  i  f  !<  id. 

EmiiiBion  of  heat  by  radio-active  bodies.  Curio 
and  Labordfl  were  the  first  to  show  that  ndinm 
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is  always  at  a  temperaiuro  above  surrounding 
bodies  (Cioinpt.  rend.  136).  liuqr  »<■ 

peiimeitten  havo  idnee  neamnd  the  luAt 

emitted  bv  radiiun,  nnd  the  latest  determimi- 
tioo  by  Scaweidler  and  Uess  gives  the  value  118 
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calorie!*  p«!r  hour  per  grain  of  radium  (Wieii.  Ik-r. 
r.MJH).  Huthorford  ami  Harncs  have  made  a 
detailed  examination  of  thu  heat  emitted  by 
thft  products  of  radium  sepuiati-ly,  and  have 
shown  that  the  heat  generated  is  derived  iicom 


j  tho  f-ncrpy  of  the  a  particles  emitted  (Phil.  Mag. 
19<>1 }.    The  0  and  y  rays  seem  to  be  xeipoii»ibie 

I  only  for  a  very  Rmall  part  of  the  heat  evolved. 
Measurements fjii  i  t'ln  pi  nli  cf  H  have  Ci'nfirmed 
the  view  that  the  heat  developed  in  radio-activo 
change  is  proportional  to  the  energy  of  the  a 
particles.  I  t  will  be  noticed  that  the  emission  of 
heat  by  radiuiu  in  very  large,  bein^  snflBciont  to 

!  melt  its  own  weight  of  ice  in  40  mmutes.  Thit 

J  evolution  of  energy  during  radio-active  changes 
may  bo  taken  as  indicative  of  the  enormous 
stores  of  eneEg7  whkdi  must  be  oonteiasd  within 
the  atoms. 

The  fignras  in  this  taUe  shoir  a  oertaia  te* 

latinn  between  the  period  p  of  a  t-ubstance 
emitting  a  rays,  and  tlie  range  r  of  those 
I  rays.  Kutherford  was  the  first  to  draw  atten- 
tion  t«  the  existence  of  such  a  relation,  point- 
ing out  that  in  general  p  was  large  when  r  was 
smaU  (PhU.  Mag.  1907).  Goiger  and  Nnttall 
have  made  fresh  determinations  of  several  ranges 
which  had  previously  been  somewhat  unccr- 
fciin  ;  these  have  been  used  in  the  constniclinn 
of  tho  Uble  {ibid.,  1911).  They  have  taken  the 
opportunity  to  re-examine  the  relation  between 
p  and  r  and  find  that  for  the  radium  scries, 
and  also  for  the  actinium  series,  p  and  r  are  cou- 
neoted  by  the  relation  rp"=b.  Here  a  and  b 
are  corr'tants,  the  former  lieing  the  pamo  for 
both  iicries.  Tho  figures  for  the  thorium  bcries 
have  not  yet  Ix-en  completed.  If  the  relation 
can  be  telied  on,  a  very  interesting  remilt  appeara 
It  oan  he  shown  that  the  life  of  a  suD«t«itce 
emitting  rays  of  short  range,  say  1  cm.  wouM  be 
so  long,  and  therefore  its  transformation  so  slow, 
that  its  activity  would  be  beyond  ihc  limits  of 
detei  tion  by  prrpfnt  method?-.  W.  M. 

II.  This  section  deals  with  the  phenomena 
attending  the  passage  of  /B-,  and  y-rays 
through  matter. 

It  is  convenient  to  divide  them  into  two 
parts  :  <i.)  those  referring  to  the  action  upon  the 
n\y%;  (ii.)  those  referring  to  the  action  upon  the 
ma!tcr. 

Further  subdivision  is  convenient  in  respect 
to  the  phenomena  of  [>art  (L).  The  experience 
of  an  a-,  a  0-,  or  a  7-rny  as  ft  flies  soroes  an  atom 

may  be  considered  umler  three  heads  :  fa)  lo.'-s 
of  energy,  (b)  dctiection,  tc)  transformation  or 
repbcoment.  The  a  ^wrtiele's  experience  are 
mostly  tinder  (a)  :  it  is  only  slightly  liable  to 
8catterint4  {b),  and  not  at  all  to  change  of  form  (c). 
The  $  particle  is  very  liaUts  to  deflection,  which 
often  makes  its  loss  of  energy  difficult  to  detect, 
and  it  is  liable  to  transformation  into  a  7-ray — 
the  X-ray  may  be  included  as  a  form  of  y-ray — 
especiallv  if  its  velocity  is  not  more  than  about 
onc-third  of  that  of  Ught.  TIm?  y-ray  (or  X-ray) 
apiHMis  tn  fstiffer  no  loss  of  energy,  and  is  .some- 
what liable  to  scattering;  the  most  interesting 
and  important  event  in  its  history  is  the 
tran.sformation  of  its  energy  into  that  of  a 
i8-ray. 

Tho  mo.«if  olivious  of  the  phenomena  tn  Ik- 
included  un<ler  (ii.)  are  heatinp,  photographic 
action,  pho.sphore8cencc,  ionisation.  The  last 
three  are  naed  as  indicators  of  the  action  of  the 

rays. 

Cfncrai  eontideralioM. — ^In  all  esses  known 

tho  phenomena  of  part  (i.)  nre  ind'  pendent  <tf 
physical  and  chemical  conditions.  For  example, 
the  probable  loss  of  energy  of  an  «  particle  in 
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ffOing  through  a  definite  small  volume  contain- 
ing an  atom  dues  not  depend  on  whether  the 
atom  ia  part  of  a  hot  bod^  or  of  a  cold  body,  of 
a  Bolid  or  of  a  g^s,  of  a  aimiila  moleeala  <«  of  a 
complex  one. 

On  th»  othAT  hand,  Mme  of  tiie  phMiomeita 
of  pert  (il.]iin'  not  quite  ao  simple.  Thi'  number 
of  ions  which  can  >>(>  extract«d  from  a  gas 
after  an  a-paitidle  htin  p;iHscd  through  it  depends 
aompwhat  upon  molecnlur  association. 

'I'he  a-  and  ^-rays  are  really  pfojucUies  of 
Tery  bduiU  oumm,  but  of  anormous  speed.  It 
would  appear  that  the  7-ray  (and  tao  X-ray 
which  has  similar  properties)  way  uko  bo 
reasonably  and  usofullv  considered  aa  a  pro* 
jectile.  la  the  oaae  of  any  of  these  forms  of 
radiation  small  entities,  quanta,  or  corpuscles 
aro  hurled  Bgain'^t  maftrr  with  relative  speeds 
far  exceeding  those  of  the  thermal  attitaUon 
of  a  gas  at  any  teropnatnre  yet  reaUaed.  The 
rr-8ults  are  peculiar,  as  might  be  expected.  In 
particular  the  atoms  are  no  longer  impenetrable, 
out  are  traversed  with  the  utmost  freedom  ; 
and  the  actions  and  reac(i(jn.s  W'twien  thv 
projectiles  and  tho  atuuia  arc  of  the  greatest 
Interest,  affording  glimpses  of  the  atomic  con- 
•titation  tiom  an  entataly  new  standpoint. 

We  now  take  the  three  radiations  in  turn. 

a-ra >/.-Thp  almost  universal  prtBenco 
of  helium  in  radioactive  minerals  early  sug- 
gested the  nature  of  the  ••partide.  A  simple 
v.-rifirafinn  h,!*  boen  pivcn  by  Rutherfortl  and 
RoydK  (Pliil.  Mag.  liHJU).  Hadium  emaoatiou 
ia  enclosed  in  a  glaas  tube  with  very  thin  walls, 
thrnu^'h  uUich  a  rnflintion  can  pass.  Outside 
the  tube  is  au  cvacuat^id  Hpace,  which  shows  no 
trace  of  the  helium  spectrum  when  sparked 
through  immediately  after  the  preparation  of 
the  tuba.  In  a  few  days,  however,  the  helium 
linee  are  8tron<.'ly  shown.  In  control  fxpflri- 
mmkts,  when  the  inner  tube  ia  empty,  and  even 
triwn  it  is  filled  with  heliaiBf  than  Is  no  sneh 
effect.  It  is  clear  that  the  emanation  has  shot 
helium  through  the  glass. 

Rutherford  has  determined  the  Telocity  of 
the  a  particle  and  the  ratio  of  it<^  charge  to  its 
mass  by  observing  the  effect  of  electric  and  mag- 
net if^  fields  upon  its  flight  (Pliil.  Mag.  1906). 
The  latter  quantity  ho  find.H  to  be  nearly  5  x  I0>. 
which  shows  that  the  a  particle  being  a  helium 
at'>ni  must  larrv  twice  tlu.'  <init  charge*  The 
velocity  will  be  considered  lau>r. 

Sine*  the  apartiele  is  very  little  scattered 
by  tho  matter  tfirmieh  which  it  pasj«5B.  its  patli 
is  almost  exactly  a  straight  lino.  It  npcndK  its 
energy  as  it  goes*  and,  having  opent  it,  (^omes  to 
compnmtivp  rr^fc  at  n  rrrtain  distance  from  the 
starting  point,  which  distance  is  called  the 
range.  The  rang«>  varies  with  the  initial  speed 
and  with  the  nature  and  density  of  the  gas 
traversed.  It  was  first  found,  in  tho  case  of 
tho  a  rays  of  radium,  by  mean.H  of  appanitUK 
repre^nted  in  the  diagram  (Fig.  1),  A  very 
tiun  layer  of  radium  is  placed  on  a  plate  br. 
Tho  o-ray.H  Bfream  upwanln  in  all  ilin  ctions, 
but  only  thow!  which  proci-ed  almost  v«TticaIly 
succeed  in  passing  through  tli©  s«>t  of  tubts.  rf. 
Thc*«e  ar«'  marb-  i  f  tl.in  '-opiwr  foil  1  »  in.  lotti; 
and  2  mm.  wide  ;  thu  bundio  cotitniiis  nbtml 
IfiO  of  them.  The  a-raya  which  striko  the  wall.'^ 
of  tho  tubes  are  embedded  Ihcif.  'I'ho  rest 
stream  upwards,  ionising  the  gu^;  if  thi*y  reach 


the  gsusa  n,  and  enter  tho  ionisaticn  chamber 
between  bb  and  aa,  then  ionisation  occurs  in 
the  chamber  also,  and  ia  detected  in  the  uaual 
way.   The  lower  gsnse*  oc^  ia  oooncoted  with 


I 


"Ri  Lkctrvmeter. 


f  —  — B-^'AMsy 


Fig.  1. 

the  earth,  and  the  field  between  bb  and  cc 
protects  tho  ionisation  obamber  from  the  in- 

tru.sion  '  f  ions  from  below.  Tho  rjidiuni  is 
gradually  raised  towards  the  chainbor  and  the 
current  meamiad  lot  different  poeitions ;  the 
'  ioni-'iation  curve'  is  thu-^  ol  t -incd  (Fig.  2) 
(lira^g  and  Kleeman,  Phil.  .Mag.  I'JOG).  This 
curve  is  interpreted  as  follows.  The  small  readings 
above  a  are  due  to  the  action  ol  ^  uid  y-rays* 
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Vui.  2. 

The  sudden  setting  in  of  current  at  v.  1-H  cm. 
from  the  origin,  implies  that  this  i.s  tht;  furthcht 
point  of  penetratif»n  of  the  o-rays.  This  distance 
is  termed  the  range  of  the  «  particle  in  question. 
It  is  7*14  cm.  in  air  at  a  nrefsute  of  76  em.  and 
a  temperature  of  20'.  Tht-  !aii:;<-  at  any  other 
presHure  (F)  and  abftoluto  tcmjK-ruturo  (T)  is 
7«I4y(7«/P)X(T/898).  The  slope,  ab,  is  due 
in  thi  fact  that  all  the  a-ray.s  do  not  reach  quifn 
the  name  diflaiice  from  the  radium;  the  turn 
at  B  shows  tbit  at  <■»•,'>  cm.  all  thoni}  of  this 
stream — now  make  their  way  into  the  chamber. 
The  gradual  bend  liaek,  nc,  implii.s  tluit  tho 
a-])artielo  in  more  effective  uh  an  i«>nisi>r  as  it 
hlowH  down.  The  sudden  break  out  again  at 
L  (4-84  cm.),  shows  that  tho  clmmher  is  now 
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within  range  of  a  second  stream  of  a-particles 
of  shorter  range  than  the  first,  and  the  portions 
DE  and  TO  show  that  there  are  yet  two  other 
Htroams  of  still  less  range.  When  the  radium 
layer  is  taken  out,  heated  to  a  bright  red  heat 
and  replaced  in  the  apparatus,  the  middle  parts 
of  the  curve  cd  ami  DE  are  found  to  nave 
disappeared,  and  in  an  hour  or  so  the  top  part 
AB  has  disappeared  also,  the  curve  therefore 
re<lu("ing  to  f'o'.  Now  it  is  known  that  the 
heating  has  driven  off  the  emanation,  and  the  RaA 
must  have  quickly  followed  the  source  of  its  exist- 
ence. We  conclude  that  the  o-stream  of  least 
range  (3-50  cm.)  is  due  to  radium  itself,  and 
that  of  greatest  range  is  duo  to  RaC.  By 
separate  experiment  it  is  shown  that  the  range 
of  the  a-particle  of  RaA  is  the  longer  of  the  two 
intermediate  quantities,  4*84 ;  and  that  the 
other,  4-23,  belongs  to  the  emanation.  Each 
of  the  ra<lioactive  substances  has  thus  its 
(»wn  range  ;  and  further,  since  the  four  steps  vl 
the  curve  are  of  exactly  the  same  width,  the 
rate  of  emission  of  particles  from  each  product 
is  the  same,  which  is  in  agreement  with  Ruther- 
ford and  Smldy's  theory  of  radioactive  change. 

The  ranges  of  the  a  particles  of  other  sub- 
stances can  generally  be  found  in  similar 
fashion  :  difficulty  arises  only  in  the  case  of 
those  which  radiate  weakly. 

When  a  tliin  sheet  of  uniform  material  is 
ploeed  over  tho  tuln's  tt,  s«>  that  the  a  particles 
must  go  through  it,  each  particle  loses  a  definite 
amount  of  its  range,  and  the  ionisation  curve  is 
correspondingly  l«>wered  (Fig.  3).    Tho  exact 


Fio.  3. 

resemblance  of  the  new  curve  to  the  old  shows 
tly»t  the  parti<-lcs  have  lost  neither  in  number 
nor  in  direction,  f'o  that  they  must  have  passed 
through  all  the  ut4»nis  they  have  met  in  going 
through  the  sheet ;  tho  helium  atom  has  freely 
penetrated  the  silver  atoms.  On  comimring  the 
effects  of  sheets  of  ditTcrent  materials  tho  re- 
markable result  ap{M>ars  that  the  masses  of 
equivalent  sheets  (per  cm.*)  are  proporticmal 
to  the  square  r(M)ls  of  the  atomic  weights  of  the 
substances  of  which  they  are  composed.  We 
may  define  the  *  >*topping  power  '  of  an  atom  as 
the  probable  loss  of  range  which  an  o  particle 
experiences  in  pa.ssing  through  a  small  volume 
containing  only  timt  atom,  coinparisl  with  the 
similar  pnjbiibU:  loss  when  some  standard  atom 
is  substituted.  We  may  conveniently  take 
an  imaginary  air  atom  as  standard  (ut.wt.  —  14-4): 


the  table  on  the  next  page  gives  the  valuer  of 
tho  stopping  powers  («)  of  some  molecules  relative 
to  the  imaginary  air  molecule.  The  stopping 
power  of  a  molecule  is  the  sum  of  the  stopping 
powers  of  the  atoms  of  which  it  is  composed  ; 
t.f].  tho  stopping  power  of  N,0  is  to  that  of  C,H, 
in  the  proportion  2^74-f  ^  Ib  to  6^'T2-f6v'l 
or  0-43.  Experiment  (*cc  table  below)  gives 
0-44. 

The  stopping  power  of  a  gas  is  found  by 
comparing  the  range  of  tho  a  particle  in  the  gas 
with  the  range  in  the  air.  An  atom  or  molecule 
has  the  samo  stopping  power,  no  matter  whether 
it  is  part  of  a  solid  or  oi  a  gas. 

Ihe  a  partiple  is,  as  already  mentioned, 
liable  to  delleetion  in  passing  through  the  atom. 
But  the  effect  is  small  ami  unimportant  except 
when  its  velocity  becomes  small.  The  remark- 
ably rectilinear  path  of  the  particle  has  been 
beautifully  illustrated  by  C.  T.  R.  Wilson,  Proc. 
Roy.  Soc.  fW,  285.  and  87,  277.  A  chamber 
(containing  damp  air  is  for  a  moment  subjected 
to  tho  action  of  the  rays,  and  is  immediately 
afterwards  chilled  by  a  sudden  expansion  of  the 
air.    Fog  settles  on  the  ions  left  along  the  track 


Flu.  4. 

of  tho  particle  ;  Fig.  4  is  a  reproduction  of  a 

f>hotograph  of  tho  event.  The  sharp  lines  be- 
ong  to  a  particles  which  went  by  the  instant 
before  the  expansion  ;  the  more  diffuicd  lines 
to  those  that  were  shot  out  a  little  earlier  so 
that  the  iims  have  had  time  tosprca<l  S4>mewhat. 

The  scattering;  of  the  particle  has  been  in- 
vestigated by  Rutherford  and  Ueiger  by  tho 
*  scintillation '   method.    When  »  stream  of 
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pftriiclcs  strikes  a  phosphorescent  screen,  ?ttf  li 
as  zinc  sulphide,  tho  blow  ol  every  particlo 
causes  a  momentMy  sparkle,  and  the  numbere 
falling  on  any  particul&r  portion  of  the  screen 
can  bo  counted  under  ine  nuoroscope.  Tbe 
appantitt  m  ahown  in  fig.  6  (Geiger,  Froo. 


1  p 

|0  1 

E 

eotiiu'c  UMl  w'dh  the  range  by  the  lormuU 
tP^iiK  {Vroc,  Ki.y.  8oc.  83.  605). 

In  order  to  explain  tho  deflection  of  tho 
a  partiole  by  the  atom,  it  in  neoeasary,  aoooiding 
to  Butherfnd  (Phil.  Mag.  1011),  to  suppoee  that 
each  atom  possrs.sc.H  a  nuclcu.s  of  electrical  charfze 
m,  where  e  is  tho  unitary  electrical  charge  and 
n  is  a  number  of  the  oraer  ol  half  the  atomio 
weight,  and  proportional  to  that  weight.  For 
instance,  if  n  be  Ret  equal  to  100,  the  scatterings 
of  the  a  piirticlcH  obierved  by  G«ger  in  tho 
case  ()f  gold  are  in  very  good  accorofineo  with 
calculatiuns  based  on  ihid  theory.  Uii  tho  vast 
majority  of  occasions,  when  an  a  particle  goes 
through  an  atom  it  doee  not  go  near  enough  to 
the  oentnl  eliai|i^  to  msHet  mriouB  defleetloD. 
When  a  stream  of  a  partic  les  is  Inirled  against  a 
gold  platOy  only  one  in  each  eight  thousand  is 
retimed.  It  will  be  seen  that  the  scattering  of 
the  /3  particles  iB  also  earplamed  by  Rntherford'e 
hyjMtheais. 

Of  the  effects  which  the  a  particle  exerts 
upon  the  matter  which  it  traverses  the  most 
easily  iaveatigatcd  is  tho  ionisation.  It  is 
curious  that- molecular  association  is  not  quite 
without  influence  upon  the  total  ionisation 
which  a  given  a  particle  produces,  although  it 
docs  not  louiit  ill  the  calculation  of  the  energy 


Roy.  See.  SH,  493).  Some  emanation  Is  for  a 

time  compreHJK-*!  iu  the.  ec  i  v.l  opening  of  the 
tube  at  A,  and  is  then  withdniwu.  The  active 
deposit  which  it  leaves  behind  shoots  a  particles 

flown  the  exhausted  tube  through  small  openings 

at })  and  E,  and  these  fall  on  tho  photeplioie«.ciit  '  ^t^Qh  the  particle  spends.  The  total  ionisat  inn 
screen  at  a.  Sofeens  can  bo  put  at  k  or  on  R,  |  greater  ('  k  *  times  greater)  in  most  gases 
and  the  conseqnent  scattering  is  then  ob8erve<l.  than  in  air.  We  niav  ch  fine  a  quantity  called 
it  i.^  very  sinail.  When,  for  example,  the  a  molecular  ionisation,  which  wLU  represent 
particle  parses  through  20  gold  leaves  weigh-  j  the  probable  ionisation  produced  when  an 
ing  about  3*5  nung.  per  cm.  *  the  most  probable  „  particle  crosses  a  given  volume  containing 


ing  about  mmg. 

aniiie  of  defiaetlon^ls  only  T  40'.  Omnparing 

different  substances,  the  moat  i)roT)able  angle 
oi  deflection  is  proportional  to  tlie  atoiuic  weight. 
The  scattering  also  depends  on  the  velocity, 
increadng  rapidly  an  the  particle  slows  down, 
and  being  to  a  lirst  approximation  inversely 
proportional  to  the  cube  of  the  velocity.  Near 
the  end  of  its  pat  fx,  therefore,  the  particle  may 
experience"  some  very  violent  deflections ; 
finally,  it  settles  down  to  the  nanal  moTsments 
of  a  gas  atom. 

"By  the  sefaitOlatiAi  method,  and  by  a  method 
of  int(^nsifying  tho  ionisation  effi-<t  of  the 
single  a  particle,  Rutherford  and  Cieigec  liave 
deteradned  the  ratb  at  which  radium  emits 
a  particles.  Having  found  also  the  total 
charge  of  electricity  conveyed  by  these  narticlt^, 
tiiey  have  determined  the  charge  carried  by  each 
one  fProc.  Roy.  Soc.  81,  141,  ifl*).  They  |pve 
tho  following  results  :— 

Charge  (e)  carried  by  the  hydrogen  atom  in 
deetiolysia  =4-65  x  10  "  E.S.  unit. 

€!harge  carried  by  the  a-partkle  »9-ax  10  " 
E.S.  unit. 

The  ^ue  of  Ne,  whcm  K  is  the  number  of 
hydrogen  atoms  in  1  grm.  of  hydrogen,  being 
known  from  electrolysis,  it  is  reatlily  found 
tlutt  N=^-  Ci-2  X  10**,  that  the  mass  of  the  hydrogen 
atom  is  1-61  X  10''*grms,  and  that  the  number  of 
molecules  perc.c.  of  any  gas  at  standard  pressure 
and  temperature  is  2*72  x  10'^ 

Rutherford  and  Hahn  have  measured  the  ,  . 
velocities  of  the  a  particles  of  various  sab-  <  The  ratio  is  founil  to  diminish  as  tho  velocity 
stance-s  (Phil.  Matr.  KtOt))  as  follows:  RjxC  approaches  that  of  light.  The  dimimif ion  i< 
2<06X10*  J  RaA,  1-77 X 10" ; polonium,  I-73x  10"  sueh  as  would  in^  expi-eted,  on  electro-niagnetio 
ThC^  2*81X10*'.  theory,  if  the  mass  of  the  electron  were  wholly 

Qeiger  has  shown  that  the  initial  velocity  ]  dcctro-msgnetic.  When  v«=0-U4V,  where  V= 


particle  crosses  a  given  volume  containing 
the  molecule  in  question.  This  is  obtained  by 
multiplying  k  hy  s,  the  stopping  powir.  since 
the  0K»ater  the  latter  quantity  the  fewer  the 
moleoolesthatoontrtbttteto  the  total  ionisation. 
The  molecular  ionisation  is  not  quite  an  additive 
quantity.  It  is  roughly  proportional  to  the 
volume  ol  the  moleeule.  A  few  values  of  these 
oonatanta  an  hero  given  as  illustrations 

Tablb  I 

Air  . 

COj  . 

C'lH , . 

ci:: 

H,  . 
He  . 
Ar  . 

For  the  values  of  k  and  n  in  other  gascH,  /^ee 
Bragg  (i'hil,  Mag.  1907),  Metcalfe  (ibid.  1909), 
Taylor  (t7>Mf.  1911). 

'  Thf  0  rni/.  The  direction  of  deflection  of 
the  0  ray  m  a  magnetic  tiehl  shows  at  once  that 
it  i:^  a  IU  :^'ati\i  ly  etiafgod  body.  MeaHun-mentS 
of  tlu-  ilelieetions  in  eros.sed  elw-trie  and  inag- 
netie  lieids  (e,(f.  those  of  Kaufmann,  Annalen 
Physik,  Um  [iv.],  19,  487)  giv<-  thi!  velocity  (r) 
and  the  ratio  of  charge  to  mass  {f/m).  The  latter 
quantity  is  the  same  as  that  of  the  electron, 
unless  the  s]tend  is  ver\  ;^r<>at,  and  this  practi- 
cally identities  the  0  ray  with  the  electron. 
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the  velocity  of  light,  c/ro=0  03xl0'  £.11 U. ; 
when  t;sO>09V,  €/»»= 1-68  X  10».  The  jS-nys  of 

radium  vary  considerably  in  8peed,  sonic  moving 
with  a  velocity  little  leas  than  tiiat  of  light. 

In  its  movement  throuch  matter  the 
/3  particle  is  much  more  liable  to  deflection 
than  the  a  particle,  and  a  stream  of  particles 
directed  against  a  materiul  ncm'ii  loavu  rather 
by  deliection  of  individuals  than  by  general 
•lowinK  down.  The  degree  of  penetretion 
dfixiulH  v<  rv  largely  on  -  the  ^jxeil.  The 
/3  ray  of  radium  can  M>mctimc8  travcrt^c*  a  few 
metres  of  air,  whilst  '  cathode  rays '  of  one-third 
\)\>'  sy>eed  are  nearly  all  abjinrli<'if  in  two  or  throe 
miUauetrcs.  The  movcmentei  and  penetra- 
tions of  iB-rays  are  beautifully  shown  in  some 
early  experimenUi  by  Becqucrel,  which  are 
illustrated  in  the  aocoinpanying  figures.  Tig.  6 


Fig.  6. 

is  diagrainuiatic,  and  shows  how  the  ^-raya 
from  a  small  quantity  of  radium  are  swung 
round  in  circles  by  a  magnetic  field  tliroiiph 
openings  in  certain  screens,  'llic  ruyei  likirt  a 
photographic  pinto  in  the  plane  of  the  paper, 
and  leave  reixnrds  ol  their  p^ths.  Fig.  7  alu>W8 
what  happens  when  a  sheet  of  Al  0*1  mm.  thick 
is  placed  over  all  the  hokv-  in  the  outer  screen, 
80  that  the  /S-rays  have  to  go  through  it.  It  will 
be  obaerved  that  the  faster  0-ny»  at  leeet— -thoee 
moving  in  the  circles  of  least  curvature — retain 
their  airection  after  p&b^mg  llirough  the  layer; 
The  scattering  may  also  bo  observed  by  meMQt* 
iog  the  ionisation  which  the  deflected  rays  pro- 
duce in  chambers  suitably  placed.  When  a 
stream  in  directed  ayaiii^t  a  plate,  the  number 
of  rays  swung  round  so  far  as  to  re-emerge  on 
the  ride  on  wmoh  the  stream  is  incident  ineressee 
rapidly  with  the  atomic  wri^ht  of  the  ^uhsfaiue 
of  the  plate  (McClelland,  Rov.  Dublin  fck)C.  Trans. 
1905  tcf.).  The  central  charge  or  nucleus 
wliich  Rutherf<ir<l  found  nece>*8ary  to  erplain 
the  deflection  of  ihu  a-particlc  gives  a  satisfac- 
tory explanation  of  th»  defleotionA  of  Uie  0- 
partioles  aleo. 

fVom  Beequerers  experiment  and  from  many 
others,  such  as,  for  example,  those  of  Mail>'  n 
(Phil.  Mag.  I90&),  it  appears  that  a  penetrating 
^-ray  must  generally  traverse  thin  sheets 


metal  without  any  serious  deflection,  and  the 
few  iriiioh  have  been  turned  aside  out  of  the 

main  stream  have  <inly  I)een  detlfcted  once. 
Thus  observations  of  the  distribution  of  the 
scattered  xaya  give  informatum  m  to  the 


Fio.  7. 

probable  result  of  the  encounter  of  a  single 
eleotroa  with  a  single  atom.  Information  of 
this  kind  is  most  deeiiable  as  helping  to  a 

knowledge  of  atomic  ci<nstitulitii). 

The  )3-particlo  sutlers  a  loss  in  speed  in  going 
through  matter,  but  for  a  long  time  the  lose  was 
unobserved ;  it  is  difficult  to  measure  with 
certainty  btcau&e  the  scattering  ejects  mask  it. 
W.  Wilson  found  (Proc.  Hoy.  Soo.  84,  141)  that 
the  emeigy  of  a  ^  ray  fell  ofiF  in  proportion  to  the 
amount  or  matter  penetrated.  An  initial  velocity 
of  2-Sr» ,-:  lO'Oc-in./scc.  was  reduced  to  2-.SU 
by  a  screen  of  aluminium  0-5  mm.  thick*  to 
2*70  XIO>*  by  ft  screen  1*0  mm.  thick,  and 
to  2-25x10"  by  a  screen  1*7  mm.  tlii<  k.  The 
scattering  of  the  fi  ]>article  increa^^cs  veiy  last 
as  its  speed  decays,  iitul  the  jx»\ver  of  pene- 
trating material  is  affected  more  by  chance  of 
scattering  than  by  loss  of  velocity.  The 
/3  particles  of  the  highest  speed  namiul  aliovo 
art;  seven  times  as  penetratiiig  ae  those  of  the 
lowest,  chiefly  on  aoootmt  of  differenoea  in 
the  liability  to  .scattering.  The  loss  of  velocity 
depends  on  the  nature  of  the  matter  in  somewhat 
the  same  fashion  as  in  the  case  of  the  a-rays. 
The  loss  in  passing  llnuugh  an  atom  is  propor- 
tional to  If'  where*  w  iH  the  atomic  weight ;  in 
the  case  of  the  o-particlc,  it  is  proportional  to 
u:*'*,  as  already  said.  The  whole  of  this  may  be 
compre!%od  into  the  statement  that  in  a  substance 
of  small  atomic  weight  like  ahuninium  a  ]iarticle 
projected  with  given  velocity  reaches  a  greater 
distance  from  the  origin  (measured  by  maaa 
penetrated)  llinn  it  does  in  a  substance  of 
large  atomic  weight  like  platinum.  But  it 
really  pursues  a  longer  path  m  the  latter  (again 
mciisureil  1)3'  amnnrt  of  matter  tmvcrf>f»<l), 
onI\  t  he  palii  iii  laucli  more  broken  and  nrt^gular. 

Hutlierford  has  shown  (Phil.  Mag.,  Oct. 
191;i)  that  the  heterogeneous  ^-radiation  from 
a  sufaetanoe  like  R«G  oonsist  of  a  group  of 
homopenecMis  fl-radiatiuiis.  The  energy  id  e.icli 
member  of  a  group  is  charaoteiistio  of  that 
group.   The  dioersnco  between  the  eneigies  of 
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any  two  (n'oups  w  clowly  connected  with  tho 
energy  required  to  excite  the  X  (or  7)  radia- 
tion charuc-torixtit;  of  the  radionctivo  Hubstnncc, 
a  quantity  which  itt  found  by  extrapolation 
from  X-niy  tnc^suremontH  with  Hulmtanccs  of 
lower  atomic  weight.  This  work  oluo  KupgoatH 
the  interchangeability  of  tho  energy  of  tho  /3- 
and  the  X-  or  7-ray,  with  tho  additional  hypo- 
theMii)  that  in  the  procesH  of  oxpulnion  from  tho 
rudioat;tivo  atom,  ono  /3-ray  may  give  riso  to 
more  than  one  7-ray,  and  vice  vtT$d. 

The  ionization  produced  in  a  gas  by  a 
ntrcam  of  3-rav8  varies  with  the  nature  of  the 
(;as  in  much  tHe  same  way  oh  in  tho  case  of 
tho  o-rays  (KJeeman,  Proc.  Roy.  Soc.  79,  220). 
A  few  examples  of  molecular  ionidations  by  o-, 

and  7-;'ayH  are  given  side  by  side  in  the 
following  tabic : — 

Table  II 

Air 

CO, 
CjH.O 
CHCl, 

IjOAtly,  reference  must  be  made  to  the  chance 
of  trannformation  of  3-ra<liation.  It  is  rarely 
obscrvr<l  in  tho  case  of  tho  swift  electrons 
emitted  by  radioactive  substances ;  the  only 
ca^te  known  is  that  given  by  (Jrav  (ibid.  85,  131). 
who  found  that  the  /S-rays  of  kaE,  which  are 
very  absorbable,  produced  7-rays  in  substances 
on  which  they  fell.  In  the  caiMj  of  the  slower 
electrons  of  the  vacuum  tube,  the  effect  is 
common  enough,  Iwing  in  fact  that  dn  which 
the  production  of  X-rays  is  based. 

The  y-rmj. — When  7-radiation,  or  X-radia- 
tion  which  differs  from  7-radiation  in  degree, 
but  not  in  kind,  meets  with  matter  there  is 
a  production  of  /3-radiation.  The  energy  of 
the  7-radiation  is  tran8forme<l  into  energy  of 
tho  other.  >Sinoe  /3-rayH  produce  phosphores- 
cence, ionisation,  and  photographic  action,  it 
may  bo  assumed  that  these  effects,  when  they 
accompany  the  passage  of  7-  or  X-rays,  are 
really  the  direct  result  of  the  ^-rays,  into  which 
tho  7- or  X-rays  are  transformed.  The  laws  of 
tho  transformation  become  the  first  object  of 
investigation.  It  appears  that  in  the  first 
place  the  speed  of  the  /3-ray  produced  in  thi<« 
way  increases  with  tho  p<'ni!trating  power  of 
the  7-ray  ;  but  it  is  in<lependcnt  of  tho  intensity 
of  the  7-ray  and  of  tho  nature  of  the  matter  in 
which  the  transformation  tak«'s  place.  Secondly, 
tho  initial  direction  of  motion  of  tho  /3-ray  ia  more 
or  less  a  continuation  of  that  of  tho  7-ray  ;  more 
so.  tho  more  penetrating  the  latter  ray.  and  tho 
lighter  tho  atom  of  the  material.  These  facta 
suggest  that  the  energy  of  each  3-ray  comes  from 
the  store  of  energy  of  ono  7-ray.  which  in  dis- 
appearing hands  on  energy  and  direction  of 
motion  to  the  electron  which  takes  its  place. 
The  7-ray  energy  must  therefore  be  contained 
within  a  very  small  compass,  ancl  must  keep  its 
form  and  magnitude  unchanged  as  it  moven, 
so  that  when  tho  fatal  encounter  takes  place 
in  some  atom  tho  energy  may  \)c  ready,  un- 
diminished, for  transformation.  It  is  a  striking 
fact  that  tho  energy  of  the  cathode  ray,  which 
produces  tho  X-ray  in  the  vacuum  tulnt,  is 

rly  the  same  as  that  of  the  cuthode  rny, 

nea 


which  tho  X-ray  produces,  so  far  as  present 
experiment  can  ti-ll.  It  is  at  any  rate  not  much 
greater.  It  may  bo  concIu<l(Kl  that  the  electron 
in  tho  tulx5  is  there  n-placed  by,  or  transformed 
into,  an  X-ray,  and  that  t^lio  latter,  if  it  succeeds 
in  passing  through  tho  tulw  wall,  is  avaikblo 
for  retransformation  into  a  moving  electron. 
The  history  of  a  7-ray  or  X-ray,  or  of  the  energy 
carried  by  the  ray,  is  therefore  the  history  of 
an  individual  quantity  of  energy  manifest  now 
in  ono  form,  now  ia  its  alternative.  Aa  a  7-ray, 
tho  quantum  must  spend  nothing  as  it  goes 
through  matter,  since  it  has  to  carry  its  energy 
intact  to  tho  place  of  transformation  ;  when  it 
is  in  the  /3-ray  form  it  is  much  liable  to  scattering, 
and  liable  also  to  diminution  of  energy,  and 
interchanges  proceed  until  all  the  energy  has 
been  spent  (Corpuscular  theory  of  X-  ond  7-rays, 
Phil.  Mag.  1910).  An  experiment  of  C.  T.  R. 
Wilson's  illustrates  this  deduction ;  a  fog  is 


Fio.  8. 

mado  to  settle  on  the  ions  produced  by  tho 

Cassago  of  X-rays  through  tho  air,  and  it  will 
e  olwerved  (l^^ig-  8)  that  tho  ionisation  lies  on 
shot  irrregular  Tines  two  or  three  millimetres 
long  distributed  in  a  promiscuous  maimer 
through  tho  gas.  These  represent  the  tracks  of 
tho  slow-moving  /S-rays  into  which  X-rays  aro 
transformed  by  the  at^jms  of  the  gas,  and  tho 
effect  realises  anticipation  very  closely. 

The  energy  of  tne  X-ray  must  lie  between 
that  of  the  cathode  ray  which  makes  it  and  that 
of  tho  cathode  ray  which  it  makes.  The  two 
extremes  being  not  far  apart  and  |)osHil)ly 
identical,  tho  energy  of  the  X-roy  is  a  uuflicient 
and  proper  dctinilion  of  its  (piality,  and  is  a 
more  fundamental  ba.sis  of  detinition  than  tho 
absorption  in  some  material  taken  as  .vtandiirtl. 
From  analogy  it  may  be  sup^Xiscd  that  the  same 
applies  to  tlio  7-ray. 

Tho  deduction  stated  above,  viz.  that  the 
X-ray  nroiluces  no  ionisation  by  direct  action, 
but  only  throui^h  the  agency  of  the  3-ray,  has 
Imm-'II  tested  by  Uraggand  Ptjrtt  r  (Proc.  Hoy.  Soc. 
85,  349),  and  found  to  be  true  within  errors  of 
exiKTiment. 

Tho  'absorption  coeflicicnt '  of  7-rftys  in 
any  hubiitaiice   is   really  a   niea:iuro   of  thu 
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proportion  that  arc  converted  into  /S-rays  in  crum- 
ing  a  (;ivcn  stratntn  id  that  substance.  If  this 
projKirtiod  is  put  equal  to  \dx,  where  rfr  i«  the 
produc  t  uf  tho  thicknes'i  of  the  stratum  and  itd 
tleiiciity,  then  for  most  substance^s  X  is  nearly  j 
0-040  ia  tha  oaw  of  tho  ^-rays  of  radium  and  ' 
(H)47  in  the  ease  of  the  7-rays  of  timnium. 
For  lead  and  otht-r  HubstaiiCL-tj  of  h\<^h  atomic 
weight,  it  13  a  little  larger  (-te^,  for  example,  SoUdy 
Md  RtiMelU  PhiL  Hag.  1910). 

The  scattering  of  the  y-ray  in  its  passage 
through  matter  ha.s  Ixn  n  examin«l  by  several 
workers,  e.g.,  Mads«  ii  (  Trans.  lioy.  Soc.of  South  i 
Aostialia,  1008)  and  Florancc  (Phil.  Mag.  1910).  : 
The  latter  states  that  if  a  stream  of  hetero-  I 
gftu'uu.s  -y-rays  from  riulium  i8  .<;caltered  in 
passing  through  matter,  that  which  is  less  j 
peneferattng  is  wore  scattered  than  that  which 
IS    inoro   penetrating.    Thu   analogous  oflbct 
occurs  in  the  case  of  the  jB-rays. 

The  nature  uf  t  he  7-ray  in  still  a  matterof  dis- 
ouswion.  The  aithor  pulse  t  heory  supiioses  tho 
•y-ray  to  be  the  di.sturl>anco  in  tho  lether  which 
must  oci  ur  when  a  j8-ray  is  discharged  from 
tho  atuui.  Such  a  suppo:sit:un  iinJc3  olosely 
together  ^-rays.  X-rays,  and  light  as  rarianta 
of  one  form  of  radiation,  ami  is  hascil  on  tlie 
many  iwints  of  resemblance  between  the  three. 
AmongHt  re>«emblances  of  e.Hpecial  intercHt  may 
be  meiitioiiL'Ll  Pi.irkla's  disfovory  that  X-rays 
can  be  polarieed  m  a  nuiniuT  buggt..'^livi;  in 
somo  degree  of  the  polarisation  of  I'ght,  and  | 
tho  remarkable  e^eriments  of  Friodrich,  Knip- 
ping,  and  Luie,  which  are  best  explained  on 
the  suppoMtioii  that  X-rays  can  be  reflected  in 
such  planed  within  a  crystal  as  are  rich  in 
atoms.  Tho  pulse  theory  is,  however,  unable 
to  give  a  vfady  rxplanation  of  tho  interchange* 
ability  of  X-ray  and  ^-ray  energy. 

If  the  ionisation  in  a  gas  traversed  by  y-raya 
is  due  to  the  ^'layn  produced  by  the  7-rays 
In  the  watts  and  m  the  gas,  the  'ionisation 
f  :  iscs  by  7-ray3 '  is  really  an  ionisation  by 
M-v&ya.  In  the  fourth  column  of  Table  11. 
some  of  the  values  found  for  the  ionisatton  of 
gases  by  7-rays  are  sot  out,  and  may  bo  com- 
pared with  tho  values  in  the  third  column 
(Kkwoian,  Ptoo.  Roy.  800.  7fl)»  231 ). 

VV.  U.  B, 

RADISH,  Ji  tphaniis  mtivus  {Linn.).  Several 
variolii-b  haw  Ixeii  distiit^ui^hed,  e.g.  Ii. 
griseus,  M.  s.  radkula,  and  M.  s,  tristis.  The 
fint  produces  seeds  rich  in  oil,  the  second  yields 
very  small  t  liblp  tap  roots,  whilst  tho  thinl  ia 
valued  tur  itii  rdativt  iy  large  tap  root.  The 
roots  of  all  possess  the  well-known  pungent 
flavour  due  to  allyl  i^«o-thiocyanate.  Konig 
gives,  as  the  oompoitition  of  the  edible  portions 
of  the  foots — • 

flthcr 

I'm-  N  free  Crinlc 

Water  tciii  Fat  Hujjar  ext.  fll)re  Ash 
R.  s.  fri  tis  .  1-9  01    1-5    (il)    !•(>  11 

H.  s.  ratlicula  93-0    1-2  0-2    0-9    2-9    0-8   0  " 

According  to  Saiki  (Zti(«ch.  physiol.  Chem, 
1906,  48,  469),  nuli.shes  contain  a  powerful 
diastatic  ferment,  whic  h  can  bo  obtained  in  the 
form  of  a  yellowish- white,  somewhat  hygri)sc()pic 
powder.  Littk-  or  no  stiireh  is  present  in  the  root 
under  normal  conditions,  but  when  the  plants 
are  watered  with  a  solution  containing  from 
4  to  10  gmut.  of  sodium  chloride  per  litre,  the 


routs  uuiitaiji  considerable  quantities  of  starch 
(U'sage,  Compt.  rend.  1891,  113,  373).  Boric 
licid  lias  lid'ii  foiiiu!  in  radishes  {(^csscud, 
Ann.  Agrou.  lb4Jl.  17,  352).  By  distilJmg  an 
aqueous  extract  of  Raphanus  niijer  (Mill.)  (iZ. 
sativus),  Moreigne  (J.  fharm.  Uhim.  1890,  4, 
10)  obtained  a  orystallTne  snbstsncc,  raphanU 


^"is^'j^*^!-  melting  ftt 


iiid  soluble  in  ether. 


chiorolorm,  benzene,  or  light  petn)leum. 

According  to  Kellner  (Lsnuw.  Versuchs.  Stat. 
1883,  30,  42),  a  Lnirantic  variety  of  radi.sli,  single 
roots  of  which  attain  a  weight  of  2^  to  3  kilos., 
is  much  csteeme<l  as  a  TegetaUo  itt  Japan*  He 
found  this  to  contain — 

Soluble 

Watp'  Protein  Fat  carbohydrates  Crude  fibre  Aah 
93-46     067   007       440  0'77  0-43 

about  two-thirds  of  the  total  nitn^(en  being 

present  as  real  proteids.   The  aah  contained — 

K,0  NajO  MgO  TnO  Fe/>j  Pjf»j     SO,    SiOj  CI 
40-4    2-4   4-7    0-4   0-6    10  1    131    2  6  11-9 

Tho  proportion  of  sulphur,  in  organic  combina- 
tion, ill  tho  roots,  varies  from  0-22  to  0-07  p.c. 

Another  Japanese  species,  i^.raiuf»/u«  (Linn.), 
is  valued  for  its  see<l  pods,  which  are  about  twice 
the  size  of  thost-  of  thi-  common  mdifh.  and  arc 
eaten  as  a  salad  or  pickled  in  vinegar  (Hep.  IS'ew 
York  Expt.  Stat.  1881!.  According  to  Sacher 
(Chem.  ZeiU  1910, 34,  1192  and  1333),  the  skins 
of  the  red  radish,  extracted  for  a.  few  hours  with 
their  own  weight  of  JK)  (».e.  alcohol,  yield  a 
solution  which  serves  as  a  delicate  and  useful 
indicator  for  acids  and  alkalis,  turning  intensely 
rod  with  the  former  and  green  with  the  latter. 

HI 

RADIUM.  Symbol  Ri.  At.wt.  220."  A 
radioactive  elemeot  discovered  by  M.  and  Mme. 
Curie  in  the  pitehblende  from  Joaehimrthal  <P. 

Lhirie,  8.  Curu;  and  G.  Mmout,  Cbmpt.  rend. 

1898.  127,  1215). 

Occurrrnre.  All  ores  containing  uranium 
aI^o  contain  radium.  In  liie  majority  of  iJu  m, 
tlio  ratio  of  radium  to  uranium  is  equal  lo  ihe 
*  equilibrium  ratio  '  3-2  x  lO-»,  ».«.  320  nigm. 
radium  are  present  per  ton  of  uranium  {v.  McOoy* 
Ber.  1904,  37.  2641).  Tn  atttunite,  a  h>dTated 
calcium  iir.ininhi  ]ilios]iliate  \vhieh  oeeiirs  in 
France  and  Portugal,  the  projxjrtion  of  radium 
is  only  from  20  to  80  p.c.  of  tho  above,  radio- 
active eqniliJirium  not  having  been  establishe<l. 
(toologieally,  old  formations  contain  a  slightly 
larger  radium  ratio  than  tho  more  recent  forma- 
tions (Mile.  UleditMch,  Le  Hadium,  1911,  266). 

The  extremely  delicate  emanation  test  for 

radium  r«  veids  the  presence  of  that  element  in 
all  common  rocks  and  minerals,  aud  iu  natural 
springs,  both  hot  and  cold.  Moat  of  the  cele- 
brated s{>as  contnin  appreciable  quantitieB  of 
railium  or  its  t-manation. 

Radium  preparations  an  vmtaUy  prepared 
from  pitchblende,  an  impure  uranosouranic  oxide, 
orcnrring  in  Cornwall,  in  Bohemia  (Joachims, 
thai).  iVo. 

Extraction  Jrom  piirhbl  nde.  The  crushed 
mineral,  after  a  preliminary  n)asting  in  air.  is 
heat«  d  with  soilium  carl>onat«'  in  a  m  \ criieratory 
furnace.  1'h»"  product  is  Miwluti  wjlli  water 
and  then  with  dilii!'  ^ulplnnic!  acid,  to  remove 
I  the  uraninm  as  soluble  urauyl  sulphate.  All  the 
radium  is  left  in  the  insoluble  reeidue,  which 
consists  mainly  of  lead  and  calcium  sulphates. 
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.silica,  alumina,  and  ferric  oxide,  but  which  oon- 
tMDa  small  amouata  of  ooppor,  bismuth,  zino, 
oobftlt,  manganese,  niekel,  vnnftdhmi,  •ntimony, 
thallium,    rare    earths,    niobium,  tantalum, 
arsenic,  &o.    Tho  original  method  of  working 
up  thflse  residues,  duo  to  Dcbiente,  is  as  follows  : 
The  residue   is   l)oiled   witli  oonoentratcd 
sodium  hydroxide  solutiun,  to  remove  most  of 
the  lead  sulphate,  silica,  and  alumina,  and  the 
insoluble  pcuriioa  well  wssbed.  This  is  then 
sttMked  With  hydiooUofio  aeid,  in  wUoh  ft  large 
proportion  dissolves.   Tb»  radium  i«  left  in  the 
insoluble   portion,   trtiioh  is   wa^htxl,  again 
treated  with  sodium  hydroxide,  and  the  in- 
soluble residue  vigorou.^ly  boiled  with  concen- 
trated so<lium  carbonate  solution  to  convert 
barium  and  radium  sulphates  into  carbonates. 
The  solid  is  filtcrod  oft,  washed  with  sodium  Qftr> 
bonato  solution  and  then  with  Wftter,  end  dis* 
solved    in    li",  In  ■  hloric    ueid.    Tin  filtered 
chloride  solution  i»  treated  with  sulpimiie  acid 
to  precipitate  radium  and  barium  sulphates, 
which  are  contaminated  with  traces  of  lend  and 
calcium  sulphates.    The  sulphates  are  again 
oonverte<l  into  carbonates  and  then  into  chlor- 
ides.  The  acid  chloride  solution  is  treated  with 
hydrogen  wdphide,  and  the  preoipitate,  which 
contains  ii  1  t.ium,  is  removed.    The  filtrate  is 
oxidised  and  troatod  with  ammonia,  M'hea  a 
precipitate  is  removed  oontaining  aothiium. 
From  the  filtrate,  radium  and  barium  carbonates 
are  thruwii  down,  and  the  wiwhed  pitate 
eoaverted  into  chloiiies.   The  solid  chlorides 
are  washed  with  concentrated  hydrochloric  acid 
to  remove  trace.s  <jf  calcium  chloride,  and  the 
residual  radium  and  ()arium  cldurides  are  then 
separated  by  fiactional  crystallisation.   This  is 
efleeted.  at  first  horn  aqueous  solution,  hut  in 
the  later  stages,  when  the  quantity  of  material 
oontaining  radium  has  been  largely  reduced, 
solutions  in  hydroehlorio  aoid  of  gradually  in- 
creasing Btrcncth  are  used  as  solvent,  since  tho 
HolubUity  of  the  chlorides  is  thereby  largely 
diminished.    Tho  final  crystallisation.s  are  made 
from  the  most  oonoentrated  aoid  that  can  be 
prepare<l    bv   distiUation.   Radium  efakmde, 
Dcing  less  soluble  than  bariutn  chloride,  accumu- 
lat«H  in  the  less  soluble  fractions  (Mme.  Curie, 
Translation  of  Tborisfor  Doetotate,  Cbeta.  News, 
IWX  88.  8.')). 

A  similar  method  of  treatment,  employed  on 
a  large  ncale  by  Haitinger  and  Ulrich  (!Monatsh. 
1908,  29»  485;  cf.  Paweofc,  Zeitsch.  Elelctro- 
ohen.  1008,  14,  619),  has  been  more  fully  de- 
scrilx  d.  'the  resiflue  is  originally  boiled  with 
half  its  weight  of  sodium  hydroxide  (25  p.c. 
•olntion),  the  insoluble  portion  treated  with  one 
and  a  lialf  times  its  wei<rht  of  In drochloric  acid 
(1:1),  and  the  aohd  ruiiUuo  boiled  with  half  its 
weight  of  sodium  carbonate  (25  p.c.  solution). 
This  treatment  Mrith  sodium  osrbonate  is  per- 
formed three  times,  to  ensure  the  oonvernon  of 
all  the  radium  into  carbonate.  Tho  subsequent 
treatment  is  essentially  that  already  described. 

One  ton  of  Joaohimsthal  residaes  yields  from 
10  to  20  kilo<>.  of  the  crude  barium-radium  sul- 
^Ukte  mixture  having  an  activity  about  sixty 
times  that  of  uranium.  A  careful  examination 
of  tho  radium  in  all  the  by-products  from  tho 
extraction  of  radium  from  10  tons  of  Joachims- 
thal  pitchblende, sho well  that  there  was  present 
in  all  only        grm.  of  which  twu-thiraa  was 
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present  in  tho  unattacked  residue  fn)m  the 
soda  oxtraotions,  and  about  oue-quurter  in  the 
lead  produets  (H.  Souceek,  SitzungHber.  K. 
Akad.  VViss.  Wicn.  1910,  llfl,  [ii.n]  371). 

The  radium-bariuu)  sulphate  mixture  may 
with  advantsge  be  reduced  to  sulphide  by 
ignition  in  a  currrnt  of  coal  ^an.  and  then  dis- 
s<jlved  in  hydrochloric  acid  (Soddy).  The 
chloridec«  of  ra(^lium  and  barium  may  be  almost 
quantitatively  freoifiitated  from  aqueous  solu- 
tion by  aatUTfttmg  with  hydm^^  onloride. 

TIjc  frrn  t h ^nation  of  ihf  ;iii.\<'d  bromides  o( 
radium  and  barium  is  mid  to  to  more  rapid,  but 
less  reguUr,  than  that  of  the  chlorides  (Giosel, 
Ann.  Chim.  Phys.  1899,  [ii.]  69,  91 ;  Ber.  1902, 
35,  3608).  For  another  method  of  separating 
radium  and  bMdum  v,  Hftittfcwtld,  Ber.  190A, 
37,88. 

PnparaHon  o/  radhm.  About  O^l  gnn.  of 

pure  radium  chloride  was  electrolysetr  in  solu- 
tion with  a  mercury  cathode.  The  fluid  radium 
amalgam  was  dried  and  earefuUy  h^ted  in  aa 
iron  boat  in  a  current  of  pure  hydrogen  under 
reduced  pressure.  At  400**,  the  amalgam 
iKcame  solid;  no  more  mercury  was  evolved 
at  700",  and  metallic  radium  was  left  in  the  boat 
(Mme.  Curie  and  Debieme,  Compt.  rend.  1910, 

151.  523).  A  metallic  mirror,  apparently  con- 
taining radium,  has  been  obtained  by  heating 
its  annmide  Ba(N,)2  at  ISS'-SfiO*  in  a  yaenun 
(Ebler,  Ber.  1910.  43.  2613). 

Properties,  Kadium  is  a  brilliant,  white 
metal,  idiidi  melts  sharply  at  about  700^  and 
volatilises  appreciably  at  that  temperature.  It 
sulheres  strongly  to  iron  It  tarnishes  rapidly 
in  the  air,  bjrniing  a  nitride,  and  vigorously  de- 
composes water  with  evolution  ot  hy<bn>gen, 
forming  radium  hydroxide  sohitioa. 

RacTium  compounds  closely  resemble  those 
of  the  alkaline  earth  metals,  and  particularly 
those  of  barium,  with  whjeh  l4^ey  are  isomor- 
phoUf).  The  V'llitility  cjf  tho  bromides  of 
calcium,  atrontmui,  barium,  and  radium  di- 
minishes in  the  order  given  (Stock  and  Hejme- 
mann,  Ber.  1909,  42.  4088);  but  so  far  as  the 
volatility  of  the  elements  is  ooneemed,  radium 
resembles  calcium  rather  than  barium.  The 
physical  and  chemical  projx^rties  of  the  com- 
pounds of  the  iJkali  and  aUcalt  earth  metals 
usually  show  a  %%'cll-markod  graduation  in  the 
order  calcium,  lithium,  strontium,  barium, 
sodium,  potassium,  rubtdium  and  cesium,  and 
in  this  scheme  radium  oomes  between  barium 
and  sodhim  (do  Forcrand,  CJompt.  rend.  1911, 

152,  86). 

The  chloride,  bromide^  nitrate,  curbotiaU,  sul- 
phate, azoimide  and  ptatince^nide  of  radium  are 

known.  The  .«!altft  are  colourless  when  freshly 
preparetl,  but  develop  colour  on  ntanding  ;  they 
are  luminous  in  the  dark,  and  continuously 
evolve  heat  at  the  rate  of  118  calories  jM;r  hour 
per  grm,  of  radium  (Schwcidlcr  and  Hess, 

;  Monatsh.  IWS,  2<>,  8o:{  ;  cf.  ('uri.-  and  I.,iil<'rd.'. 
Compt.  x«nd.  1903,  13U,  073;  Hutherfoid  and 

I  Barnes,  FhiL  Msg.  1904,  7,  S02). 

1  The  chloride,  which  is  hygroeropie.  closely 
resembles  barium  chloride ;  in  prepariiiK  it  in 

I  the  pure  state,  care  must  be  taken  to  eliminate 
the  trace  of  lead  chloride  which  is  invariably 
present.  Radium  chloride  in  pura-magnetio 
{("uric-  and  Cli«'ne\ can.  Soc.  frarc;.  <le  phyx. 

I  1903).  The  bronUde.  is  an  unstable  substance, 
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losing  bromine  on  kccpinc  and  passing;  into  the 
hydroxide,  and  cvontualiy,  by  absorption  of 
carbon  dioxide,  into  the  carbunato  fCii  Hi  l,  I.e.  ; 
iiamsay,  MooatMh.  19()8.  29,  1013;  Thorpe,  v. 
infra).  The  freshly  prepared  anhydroua  otom* 
itle  has  a  beautiful  ])luc  flunn  scciicc.  The 
eryatab  of  the  bn»ini<lt.'  liave  Imhiii  lutasuml  bv 
Rinne  (Centr.  BL  f.  Min.  u.  Geol.  1903.  134). 
Radium  tukghatit  is  the  keat  solttble  sulphftie 
known. 

The  ionic  mobility  of  the  radium  ion  is  07-4 
(^Ra>,  for  the  eleiBtrDchemioai  behaviour  of 
radium,  v.  Goehn.  B«r.  1904,  37,  811. 

Spectrum.    Pwidium  salts  colour  the  Hamc  a 

J>ure  carminc-recl  ;  the  llaine  spectrum  shows 
bar  hmada  in  the  red  and  one  in  the  blue.  The 
gpnrk  spcctnim  has  been  ?'fiif!i««l  hv  Dcmarc^ny 
((Jompl,  rt:ivd.  1898,  127.  ii'lS),  Kungc  (.\un. 
Phvsik.  1903,  10,  407),  Exner  and  Haschek 
(W'ien.  Ber.  1901,  July  4),  Kunge  and  Fracht 
(Ann.  1>hynk.  1904.  14,  418).  and  Ckookea 
(Frcx.  Roy.  S<K-.  1904.  72.  205).  'JTic  moat 
intcntK.*  luics  in  the  spark  spectrum  are  4683, 
4436,  4341,  3814,  3650,  2814,  2709,  and  of  those 
occurring  in  the  photographic  region  of  the 
sixi  trurn,  the  strongest  line  is  3814,  in  the 
ultr.i violet.  The  relative  intensities  of  the  two 
neighbouring  liues,  4553*3  (radium)  and  4r>54-2 
(barium),  furnishos  a  good  test  of  the  oomplet^.'- 
ness  of  tlu'  si  i)aratiuti  of  the  two  »  lfmrri(>.  The 
barium  Uuc  is  seen  with  the  same  intensity  as 
the  radiuni  Ime  vrhea  only  0*6  p.0.  barium  ia 
present  in  a  radium  salt.  A  more  stringent  te^t 
(HuKgititj)  is  to  compare  the  intensity  of  the  line 
C53G-2  (Ba)  with  that  of  the  lines  6813-8  and 
5560-8  (Ba). 

AUmic  wight.  The  analogy  between  radium 
anil  tlic  alkaline  earth  uietals,  and  the  isomor- 
plmm  of  radium  and  barium  salts,  ahows  that 
radinm  is  a  divalent  metal,  and  its  atomio  weight 
is  therefore  twice  its  chemical  equivalent.  The 
first  determinations,  ma<lc  on  about  90  mgras. 
of  radium  chloride,  gave  the  value  225  for  the 
atomic  weight  (Mme.  Curie,  Ann.  Chim.  Phys. 
1903,  30,  99),  while  later  analyses  of  0-4  grm.  of 
the  chloride,  g8\e  tiie  \aluo  226*2  as  the  nuan 
of  three  eonc9orUaat  experiments  (Mme.  Curie, 
Cbmpt.  rend.  1907,  146,  422).  This  value  was 
confirme<l  by  Thorix;  (Proc.  Rov.  Soc.  1908, 
SO  A.  298;  ("hem.  News,  1908,  97,  229),  who 
found  the  value  227  by  the  analysis  of  60  to 
80  mpnis.  of  the  chU»ride.  Uooigschmid  (Sit- 
zimgsber.  K.  Acad.  Wiss.  Wien,  1911,  120,  [ii. a] 
1),  wurkin;^  uith  a  trrara  of  highly  purified 
radium  chloride,  found  for  the  ratio  KaCi, : 
2AgCl  the  value  l-OSSM,  whence  Ra«>226*95. 
and  for  thf  ratio  RsCl..  :  2Ag.  the  value  l-37.'>92. 
whenc4'  ila«225-90.  Gray  aiiii  liaiui^ay  (Prne. 
}ioy.  Soc  1912,  86,  A,  270)  by  convert in;^  the 
bromule  into  chloride  and  t>icc  ver«d  have 
ubtauied  the  value  Ra=226-36. 

Range  ami  Pp  rht  nilrulatcd  the  value 
257*8  for  the  atomic  weight  of  radium,  from 
Hpeetroeoopio  oonatderations  (PhiL  llag.  1903, 
fvi.]  n.  -Hi)):  },u\  arroplitiL'  to  Waits,  their 
eilculation,  which  invulves  an  txUe4|jolalioii,  is 
only  approximate,  and  when  carrie«l  out  more 
exactly,  yields  the  value  226-6  (\Vatt^*,  ibid. 
1903,  [vi.]  6,  64;  1909,  [vi.]  IS,  411),  in  good 
agreement  with  the  chemical  value. 

JitiinuUion  qf  radium:  chemicatly.  The 
estimation  of  nidium  in  a  mixture  of  tadium 


and  barium  salt-s  can  be  effected  by  ordinary 
indirect  analy.si.s,  e.g.  determination  of  the  weight 
!  of  tlie  mixed  cliloride.s  and  the  jxTcentago  of 
i  chloriuu  in  the  mixture.    This  method  is  only 
I  available  when  the  radium  forms  an  appreciable 
IK'reentage  of  the  mixture. 

PhrjiiraUy.  (i.)  By  measurement  of  its  7- 
I  ra<liation.  A  standard  preparation  of  kno>ni 
radium  cont«int  is  required.  The  preparation 
!  to  bo  examined  must  have  been  prepared  at 
least  a  month,  and  jin  ferahly  kept  in  a  8eale<l 
tube,  sinoe  the  ^-radiation  is  due  to  the  diis> 
integration  products  formed  from  radium.  .  A 
large  lead  electroseupe  is  employer!,  providetl 
with  a  single  gold  leaf  insulat<'d  by  a  sulphur 
l)ead.  The  rate  of  leak  is  di  termined  fur  a 
Wright  tr,  of  the  material  under  examination 
and  a  weight  u'j  of  standard  substance.  Call 
these  rates  rj  and  r,  scale  divisions  per  minute 
respeotivelv.  The  oakmiation  mav  be  illus- 
trated with  referenoe  to  the  examination  of  a 
pitchblende  for  radium,  .-upiMisin;^'  tliat  tlio 
standanl  emjilu  \  ed  was  a  pitchblende  containing 
p  p.c.  of  uranium.  The  pt>roentage  9 of  uianium 
in  the  substance  is  gtvoi  by 

!  «*■'  ^  ♦'i 

and  from  the  'equilibrium  ratio  '  [v.  p.  .'544)  the 
amount  of  radium  is  given   by  0'0lgx0*32 
=:0-U(^2jf  gnus,  radium  per  ton  of  mateiiaL 
From  20  to  100  grms.  of  a  pitchblende 

should  he  taken,  aceordiiii;  to  its  richness; 
larger  quantities  of  other  sube»ta«ie<«s,  |KX)rer  in 
radium,  must  be  used. 

In  the  presence  of  thorium,  tlii.x  method 
gives  re.sult-s  too  high,  owing  to  llie  iKnetruting 
7-radiation  i)f  mesothorium  being  measured  as 
%v(  Il.   This  may  be  allowed  for  in  the  case  of  a 
prt  jtaration  that  cffid  be  dissolved  and  the  solu- 
i  tion  e\ apdralcd  to  drync.-s,  fnr  the  radium 
\  emanation  escapes,  and  three  hours  afterwards 
the  7'aotivity  is  that  due  to  the  mesothorium 
I  alone. 

(ii.)  The  Emanation  method.  Solutions 
l  ontaining  from  10-*  to  10-'»  grms.  of  radium 
may  be  acidified,  sealed  up  in  a  small  distilling 
flask  and  the  radium  emanation  allowed  to 
areuTindate  fnr  a  mouth,  wle  n  the  equililirium 
amount  is  present.  The  oiiianation  is  then 
boiled  uut  of  the  solution  in  a  slow  sixeam  of 
air,  and  the  air  dried  and  passed  into  nn  ex- 
hausted electroscope.  The  leak,  3  houn*  alter 
admi.ssion,  is  mea.sured.  C'ompariscm  with  a 
I  standard  substance  in  a  similar  fia^k  i.s  neoesaaiy 
•  (Lloyd.  J.  Phys.  Chem.  1010,  14.  476 ;  Mme. 
<'<irie,  Ijo  RadinD,  1010,  7,  66;  tg.  also  Urid, 
m09,  6,  195), 

For  the  radioactive  proper^  of  radium  and 
1  jjj  (.,,...,„.,,,, ,1.,^  ,.  ■(>  M<!i '  o-rivixy. 

I       RAFFINOSE,     MELITOSE,     r.  CaKBO- 

UVDK.iT 

1      BAMAUC  ACID.   Ramalic  acid  (lecanorio 

'  aeid  monomethyl  ether)  (',;H,,0,  was  iso- 
lated from  t  he  lichen  Ramnliua  pr.lli  mtria  { Hvsan'. 
J.  pr.  Chera.  [i.]  57,  253)  by  means  of  ether. 
It  crystalli.^  in  colourless  needles,  m.p.  179*- 
180",  and  gives  with  alcoholic  ferric  chloride 
a  violet  colouration.  It  differs  from  the  iso- 
meric evernic  acid  which  occurs  in  conjuiu  1  n  >n 
wth  it,  by  its  sparin;?  solubility  in  ether  (Zopf. 
Annalcu,  297,  3U6),  but  when  hydrolyscd  with 
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iMiyto  water  behaves  similarly  with  the  pro* 
dnetum  of  oittiii,  oarbou  dioxiw,  and  evenuoio 
add  (oomparo  artiolio  on  EnnDliCr  iiai>). 

A.  G.  P. 

BABU£  V.  CUXMA  GRASS. 

SAP8.  BNUtiea  Najnu  okifera  (DC. ).  Win- 

tor  rapt',  a  plant  grown  largi  ly  for  tho  siiko  of 
lU  a^icihi  which  are  rich  in  oil  (i;.  Kafk  Oil); 
also  to  some  extooib  «a  loMgB  for  iheep  and  as 
a  catch  crop.  Smmiier  rape,  or  cobsa,  is  another 
varioty,  Brauica  Napu»  annua  (Koch). 

Acc-urding  to  Kgiikig,  the  leeda  coDtain,  on 
the  avcrape — 


Wat«r 
7-8 


Protein 
19-6 


Fat 
4^2 


H-izee  extract 
20-8 


Fibre 
6-0 


Ash 
4-2 


The  seeds,  and  indeed  th<'  whole  plant,  con- 
tains a  pungent  volatile  oil — a  mustard  oil — 
which  is  not  identical  \vith  allyl  thiooarbimide 
ami  is  leys  poisonous  than  that  sulwtnncc 
(^joUuma,  Landw,  Vcrsuclis.  Stat.  lyOU,  a4,  311). 
It  is,  however,  hurtful  to  animab,  and  tho  use 
of  rape  cake — left  after  expremon  of  the  oil 
bom  the  seeds — aa  a  food  for  oattle  not  in* 
frequently  oausea  death  ( Jorgensen,  Bied.  Zcntr. 
1 898, 27,  697 ).  According  to  Jiirgeiisf  n  ( Land  w. 
Versuchs.  Stot.  1899,  527168;  lOlu,  72, 1). 
ilie  thiosinamine  from  rape  cake  always 
ountuiiis  less  nitrogen  than  corre«spuad2j 
MTith  the  allyl  compound  (21*14  p.c),  and 
the  higher  the  peroentaoe  of  nitrogen  in  the 
thkMinainitte  from  the  oake,  the  more  nungont 
is  tho  odour  and  the  more  poisonous  the  cake. 
He  concludes  that  if  a  cake  yields,  on  treatment 
for  an  hoar  with  white  nuetard  (to  supply  the 
enzyme,  emulsin),  more  than  0-.V0-8  p.o.  of 
mustard  oil,  and  if  the  thio.sinamine  obtained 
from  the  mustard  oil  contains  more  than  22  p.o. 
of  nitrogen,  there  is  danger  of  the  oako  being 
poisonous  to  oattle.  Moreover,  the  pungent 
taste  of  thi.'  cake  Hinders  it  unpulatabh',  and  in 
£ngland  it  is  seldom  used  aa  a  food,  but  is  em« 
ployed  as  a  manure,  chiefly  for  the  sake  of  the 
nitrogen  (about  5-6  p.c.)  whioh  it  contaioa.  It 
ia  a  slow  acting  manure. 

Grocn  rape,  before  or  during  flowering,  forms 
a  useful  food  for  sheep.  According  to  Kellncr 
winter  rape,  in  flower,  contains — 


Water  ftoteta 
86-0      2*8  0-8 


extract 
6-7 


Crude  flbca 
3-6 


Ash 

1-3 


Of  tho  total  protein,  1-3  p.c.  is  digestible  pro- 
t-<_-ids.  It  h  oecdsionally  made  into  hay,  which, 
according  to  Keilner,  has  the  composition — 

Water  Frotein  Fat  N-free  extract  Crude  fibre  Ash 
15-6     15-7    4*4        34-6  20-5  9-4 

Of  the  Biotein»  8-6  puo.  it  digeetiUe  proteids. 

K.  I. 

RAPE  OIL  (COLZA  OIL).  The  van  us 
kinds  of  rape  oil  are  obtained  from  the  seeds 
of  Brtusiea  eompealris  and  of  several  largely 

(■ultivat<'d  varieti'  ^  f  this  species,  bclon^'inn; 
to  the  natural  order  Crudltm*  The  oils  from 
these  plants  are,  especially  in  this  country,  i 
indiscriniinately  temunl  ra]>c  oil  or  colza  oil; 
on  the  Coutincnt,  however,  two  (liffi  rent  kinds 
of  oil  are  understood  under  the  hist  two  names. 
Aooording  to  the  variety  of  the  plant  from 
iriiioh  the  seed  is  derived,  tho  following  oils 
may  }><•  broadly  different iatc J  :  — 

1.  Bape  oil  {HuiLt  dc  naveUe ;    Ra^eod, , 


Bepaod),  from  the  seed*  of  Bm»nea  Nttput 

(Linn.). 

2.  Riilwefi  oil  (Buik  de  rabette ;  Ruebod, 
J'!iir>,.mo(l),  from  the  seeds  of  UroMtca  Cam* 
2i€6irnt  (B.  Rapa,  Linn.). 

Both  Brassica  species  furnish  several,  by 
no  means  sharply  distinguished,  varieties, 
which  arc  again  divided,  according  to  the  aeaeon 
of  tho  year,  into  aeveial  foims  (see  Lewkowitsch, 
vol.  ii.  198). 

Rape  seed  is  grown  in  almost  all  }<:uro])can 
countries.  In  France  and  in  Belgium  the  wuiter 
variety  ui  Brassica  Napua  is  ciueily  oultivated. 
lOnormous  quantities  are  grown  in  Bast  Lidia. 
I  The  bulk  of  the  East  Indian  .seed  is  imported 
;  into  England  from  Calcutta,  Madras,  Bombay 
(Guzcrat  and  Ferozepore). 

Bape  seed  is  crushed  bet^reen  rollers,  and 
the  meal  is  either  expresssed  or  uxtrafctcd  with 
carbon  disul]ilude  i  r  jietroleum  ether.  The 
extracted  oil  is,  as  a  rule,  poiec  than  the  ex- 
pressed oil,  Binee  a  oon^utemble  amomit  of 
mucilaj^inous  matter  passes  into  the  oil  when 
the  seed  is  oacprt»aed.  The  cakes  obtained  by 
expressiou  form  an  excellent  eattle  food,  if  the 
seed  has  been  tolerably  pure,  i.e.  free  from 
mustard  seeds  and  wild  seeds.  The  extracted 
mwil  is  unsuitable  as  cattle  food,  and  is  chiefly 
used  as  mauturef  at  any  rate  in  this  country, 
aJthough  some  meal,  especially  on  the  Continent, 
tintls  Its  way  into  oomix)und  cakes. 

Rape  (coba)  setxl  ooutaius  from  33  to  43 
p.c.  of  oiL  The  seed  harvested  in  the  north  of 
France  contains  43-45  p.c. ;  Danubian  aeed 
38-40,  and  Indian  seed  from  42  to  45  p.c. 

Thu  crude  oil  is  dark  in  colour,  and  before 
being  put  on  the  niaiicet»  it  is  refined  by  treat- 
ment at  the  oidinarv  temperature  with  about 
1  p.c.  of  stronf^  sulphuric  acid  (Thenard's  pro- 
cess), which  ouaguiates  and  carries  down  the 
impurities.  The  settled  oil  is  then  washed  with 
water  until  free  from  mineral  acid. 

The  retincd  oil  u£  couimerce  in  palo  yellow  j 
it  possesses  a  characteristic  smell  (which  may 
serve  to  identify  the  oil)  and,  except  for  the  finest 
qualities,  an  nnpleamat  harsh  taste.   The  term 
,  '  colza  oil '  can  no  longer  be  taken  as  referring 
to  tho  special  oil  ej^rcssed  from  the  finest 
French  seed  as  waa  the  oaee  about  forty  years 
j  ago.    For  as  tho  consumption  of  ooka  oil 
extende<l,  the  seeds  from  other  countries  were 
used  for  the  manufacture  of  '  colza  oil,'  especi- 
ally German  seed,  snch  as  Riibsen  seed  from 
I  BroMiea  eampestrts  (B.  Rapa).   Since  Indian 
ra])c  seed  is  Ixing  relined  in  large  quantities, 
the  term  '  colza  oil '  has  become  a  generic 
terra,  denoting  a  fine  rajw  oil  from  variona 
kinds  of  rape  seed.    Therefore  the  restriction  of 
'  colza  Oil '  to  H  French  oil  or  oven  a  (Jerman  oil 
no  longer  holds  good»  and  *  colza  '  oils  are  sold 
in  trade  which  are  made  from  Indian  seed, 
such  as  Cawnporo  sec<l  and  Guzerat  seed. 
It  should  bo  noted  that  'colza  oil'  was  originally 
an  oil  which  had  been  obtained  by  ej^iMression, 
and  the  term  '  best  refined  cobsa  ml  *  must  still 
be  held  as  rightly  belonging  to  an  expresse<l 
oil,  such  as  is  used  for  edible  purposes.  This 
class  <rf  edible  rape  oil  is  largely  used  by  bakers 
for  greasing  the  ends  of  waves  in  the  oven 
('  bread  oil*). 

There  are  al.so  in  commerce  pure  refined 
colza  oils  whioh  liave   been  obtained 
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for  neutmliMtion  at  leaot  2*0  co.  of  nornwl 

acid.  The  aridity  of  100  prnis.  of  the  syrup 
should  coms|.ond  to  from  7  to  13  c.c.  normad 
caustic  potj),-.!!.  H.  1. 

RAURACIENNEr.Azo-coLOTJBESfO  mattbb& 
RAVISON  OIL.   The  oil  from  Black  Sea 


048  KAFE  OIL  (COLZA  OIL). 

•xtnMitiiOii  with  solvents.  Thcac  arc  of  distinctly  35  parts  of  raspberry  juico  with  65  parts  of 
inferior  qaslity,  md  their  taste  reveals  their  ,  caaeaugu.  According  to  Spaet  h  (Zeitech.  Nahr. 
origin  immediately.  Oofaea  oils  of  this  olaes  i  Oennsam.  1901.  4.  07,  920).  in  genuine  rAsplxrry 
uri'  not  ohjrctionabic  as  Inirniiig  oils,  l)ut  being,  s\  niit  tlie  ainoiinl  ot  ;i,^h  tnuii  1<)0  gtms.  should 
as  stated  already,  of  a  distinctly  inferior  quality,  itot  be  below  0-2  grm.,  &nd  this  should  require 
they  •»  valnedTin  the  trade  at  a  lower  figure. 

Jamba  oils  approximate  to  rape  oils  a8  n^rards 
quality;  as  these  jamba  oik  are  now  coming 
in  laiveir  quantities  on  tiie  market,  the  distinc- 
tion  bctwr'-n  rape  oils  and  jamba  oila  hM 
gained  aoiuv  luipurtance. 

Qlyoerides  of  the  saturated  fatty  acids  occur  rape  seed,  a  kind  of  wild  Bratsica  campesiris, 
in  rape  oil  to  a  small  amount  onlpr*  Amongst  '  is  termed  in  commerce  Black  Sea  rape  oil  or 
the  unsaturated  fetty  aeida  <entcic  and  rapic  ]  ravison  oil.  The  seed  eontaina  33-40  p.o.  of 
acids   liavo   been   icfentifit  tl.    Ou  in^   to   the  oil. 

high  mokoular  weight  of  erucic  acid,  the  Rariaon  oil  has  a  higher  iodine  value  than 
saptmification  yalue  of  rape  oil  is  lower  than  in  I  rape  oil,  and  exhibits  stronger  drying  pro- 
tho  majority  of  fatty  acids  {eee  Oils,  Fixed,  perties.  It  is  tlitrtforc  not  so  :  niT  iblo  for 
AK1>  Fats).  For  the  chemical  and  physical  lubricating  purposes  the  latter,  and  itii  admix- 
eharsoteristics  see  tables  under  Oils,  FnczD,  j  tore  with,  or  substitution  for,  rape  oil  most  ba 
ABD  Fats.  I  looked  upon  as  adulteration.    Since  ravison 

The  '  cold  drawn  '  oil  is  used  as  an  edible  oil,  ;  oil  is  mostly  extracted  by  means  of  solvents, 
specially  in  India.  It  is  bLmj  um  cI  as  an  t'lliblc  traces  of  tlic  latter  are  left  in  the  oiJ.  I  bt  y 
oil  on  the  Continent,  and  in  this  country  as  1  arc  most  readily  detected  by  taking  the  flaah 
*  bread  oil.'  The  various  qualities  of  venned  |  point  of  the  oil.  For  the  ohaiaoteiistiofl  of  the 

oil  have  bc-CTi   m  ntiuned  nl>OTC.    Those  colza   oil,  MS  tables  Under  OlU,  FiXID,  aXD  Fats. 
oils,  which  ar«  unsuitabk;  fur  edible  purposes,  J.  L. 

find  an  outlet  as  excellent  burning  oib.  E<iually  j  REALGAR  {Sanaracha  of  the  ancients). 
well-rpfrntHl  oils  can  abo  be  uei<l  as  '  wool  oils.'  I  Native  arsenic  monosulphide,  -\sS,  cryutallisinj; 
Knormous  quantities  of  the  od  are  xiaed  for  i  in  the  mouoclinio  system.  Crystals  are  not 
lubricating  purposes,  both  in  the  refined  state  |  infrequent;  these  are  transparent  with  a 
and  as  '  blown  rape '  oiL  Smaller  quantities 
aru  used  on  the  (jontinent  for  the  making  of 
soft  soap.  RatK-  oil  id  farther  laigely  used  for 
qoenohing steelplates.  J.  L. 

RM>mA  WAX  V.  Wazm. 

RASPBERRY,  liubut^  Maem  (Linn.).  Ac 
oording  to  Konig,  the  fruit  contains — 

Free  Other 

Fro-  acid.  Invert  Cane  N-free  Fibre 

Water  tein  malic  susar  sugar  extract  and  seedii  Ash 
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bright  aurora-rod  colour  and  a  brilliant  lustre; 
but  on  exposure  to  light  they  verj'  soon  crumble 
down  to  a  yellow  jx»\vil(  r  coni-i.-^tinp  of  a 
mixture  of  arsenio  trioxide  au^  arsenic  tri* 
sulpiude.  Realgar  is  found,  assooiated  with 
orpiment   (q.v.),   in    ininural-vi'Ins   at  several 

S laces  in  Hungary,  and  at  ^Ulchar  in  Mace- 
onia ;  and  in  l)eds  of  eandy  clay  at  Mercur 
i  in  Utah.    Mixed  Nvith  saltixtri-.  it  -ivt-.s  the 
'  white  fire  *  ot  pyrotechnic  display*,    ll  ha^ 


The  odour  and  ilavour  of  ra^pbenies  are  ap- 
parently due  to  an  eisential  oil,  whioh  has  a 

hp.j^r.  of  0  8803,  at  15*  snpnnificntion  value 
ly3,  is  dextro-rotatory  and  soluble  in  30  parts 
of  80  p.c.  alcohol  (Haensel's  Report,  Oct.  1904). 


j  also  been  used  in  calico-printing,  in  tanning  for 
removing  the  hair  from  skins,  and  in  the  manu* 
facturo  of  shot.  The  material  now  used  is 
prcpand  artiticially  from  the  white  arsenio 
derived  from  mispickel.  L,  J.  S. 

RBAUHURV  POROBLAIir.  Ghus  in  the 


Tlic  free  acid  in  the  juice  contains  tartaric  \  procejss  of  working  will  often  acquire  a  pcculinr 


(U18  p.c),  citric  (0-(jj  p.e.)»  lualic  (U  bO  p.e.) 
and  volatile  acids  (equivalent  to  0-04  p.c.  ot 
aoetio  acid)  (Kayser,  ZeitBoh.i>&ntl.  Chom.  1900. 
12.  155).  Whadisdh  (Zeitsoh.  Nahr.  Genussm. 
1903,  6,  447)  and  Viz  (Chum.  Zentr.  IW'.],  u. 
tMl)  have  found  salicylic  aoid  in  pure  raspberry 
juioe.  The  amonnt  obtained  was  about  1*1 
mprra.  per  litre  of  juice,  and  it  is  believed  to 
exist  as  an  ester  in  the  fruit.  According  to 
Rohrig  (Zeitsch.  Nahr.  Genussm.  1910,  19,  1) 
formic  aoid  to  the  extent  of  0  (MA»17G  p.c.  occurs 
in  fresh  raspberriu-i.  According  to  Hefclmann, 
Mauz,  and  Muller  (Zcitsch.offcnil.  Chem.  1906, 
12,  141),  fresh  raspberry  iuioe  contains  on  the 
average  4-09  p.e.  of  total  solids  and  0*43  p.c. 
of  ash. 

The  seeds  of  raspberries  contain  14*6  p.c. 
of  a  drying  oil  of  sp.^.  0*9317,  at  15*  saponifu». 

tion  numBer  192  :}.  iodine  ntnnber  174-8.  The 
liquid  fatty  acid-  <  'iu.si^icd  chictiy  of  Imohc  and 
linolenio  acids,  with  small  quantities  of  oleic 
and  i^o-linolenic  acicb  (Krtisan,  Zeitscb.oSBntl. 
Chcm.  1907,  13,  2U3). 


opacity.  This  uppc;iro  to  depend  on  a  physical 
cliange,  since  by  a  carcf ully-constructed  prooess 
a  kind  of  cryslalU-at ion  may  be  set  up,  pro- 
ducing the  iKfrccllaacuus  appearance.  Reaumur 
attenipttxl  to  introduce  a  material  of  this 
description  in  the  place  of  pottery  (Ure),-" 

RECTIFICATION  is  the  term  applied  to  the 
sccoihI  anil  .sub-i  'jiu'iit  distillations  of  a  volatile 
liquid  to  free  it  from  the  impurities  which  may 
have  passed  over  in  the  first  distillation.  Move 
particularly  applir  t I  to  the  distillation of  aloobol 

iq.r.)  :    r.  al>i.  I  U.l^TlON. 

B  ED,  ANISOLE,  u.  Azo-  COLOUWMO MATTEIiS. 
RED  ANTIMONY.   Antivumf  wjftuifhitU 

or  ke.rme.aHe  v.  An mmonv. 

RED,  ARCHIL,  r.  A/.o- (  oLOUBIKO  MATTKBS. 

RED  CHALK.  An  earthy  or  ai^Uaceous 
iron  ore,  used  as  a  drawing  or  marking  mate- 
rial ;  alfto  in  geolog}-  fur  l>e<|.s  of  chalk  of  a 
brick-red  colour  (a  calcareous  rock  coloured  by 
ferric  oxide)  BxoOLS). 

RED,  CHROME.  Biuic  UaA  dmmaU  «. 

CUUOMIUM. 


BMplway  sywp  is  OMia  by  hoShig  about  \     RED,  OLASBT.  v.  Aco-coloobiho  VATms. 
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RED  CLOVER  FLOWERS,  Trifdium  pra- 
tenm  (LiniL),  which  have  a  limited  ADpIicfttioii 
in  medidiM  m  an  alteratire,  and  m  tn«  traat- 

ment  of  cancer,  have  been  examined  bv  Power 
and  Salway  (Chem.  80c.  Trans.  1910,  07,  231), 
and  found  to  yidd  O-OSS  pwo.  of  enmitial  ofl, 

rontTining  fulturaldehvflo  of  sp.  gr.  0-9176 
at  20720";  Ojj+i"  0'  ill  a  1  dcm  tube;  a 

lai^  amotmt  of  sugar  giving  d-phcnyl  gluco- 
Bazono  (m.p.  205*')  ;  salif  vlic  :iiid  jj-couniaric 
acids:  Mo-rhamnetin  Cj«U^gO,  (nup.  295°), 
probably  pfeeent  as  a  ghmodde ;  and  a  number 
of  noUc  Bubfitancos,  amonc  them — praiol,  a 
byciroxymethoxv  flavone,  C,  5H,0,(un)(0CH,) ; 
Tpratenaol  C^H.'OjtOH),  (m.p.  210');  and  the 
following  giucosidos :  trifolin  C,,H,,0^,H,0 
(m.p.  260"),  which  yields  on  hydrolysds  tnfolitin 
C,,H^,0,  (m.p.  275''),  and  rliamnose ;  iao 
trijoltn  C,}Hs,Oii  (m.p.  250"),  and  a  gluoondc 
of  quorcotin  (m.p.  235°).  From  flu  rarin  ui 
the  dried  flowers,  which  "^^  a?  present  to  the  extent 
of  5  0  p.c.,  were  obtaineil  myricyl  alcoftol, 
heplacomne,  perUricoiUane  :  sitosterol ;  a  dihy- 
drie  alcohol,  trifolinnol  f^nH^jOjCOH),  (m.p. 
2U0'') ;  and  a  mixture  uf  f«itty  acidM,  consisting 
chiefly  of  palmitic,  stearic,  and  linolic  acids, 
with  small  amounts  of  oteio»  luudenit^  and  mo* 
Unolmilo  adds. 

RED,  CONGO,  V.  Az.)- coLoruixa  lusnan*. 

RED  COPPER  ORE  v.  CuraiTB. 

MBD  COBHAHT,  RSb^  nArvm  (linn.).  The 
fniit  is  iise<l  for  t.ihle  purpo5:^?.  According  to 
Kooig,  the  average  composition  of  the  ripo  miit 


Free  Other 
Pro-  acid.  Invert  Cane  N-free 


Fibre 


Water  tela  malic  tngar  sogar  extract  and  veeds  iksh 
M-3  O-S  t't    »4  0*1      1*2      4*6  0-7 

Aocordinr;  to  nnignard  (Compt.  rend.  1900, 
141,  448),  the  leaves  of  red  currant  contain  a 
snbetanoe  which  yields  hydrocyanio  acid  in 
small  quantities,  the  largest  amount,  in  .Ttme, 
being  about  0*0025  p.c.  of  hydrogen  cyanide ; 
the  twips  contAin  very  little  and  the  mots  none. 
For  a  study  of  the  fermentation  of  red  currant 
iuioe  and  analyses  of  the  resulting  wine,  wc 
Keim  (Zeitsch.  snal.  Chom.  1891,  80,  401). 

H.  r. 

HB>,1MA1IIII^  «.  AsO'OOLoxnmro  MArms. 

RED  DURA.  The  'Re«l  Dura*  or  '  Dnrm  * 
of  the  Soudan,  aLso  known  as  'Shikytan,'  c*>n- 
•islaof  the  deep  reddish-brown  sheaf  hs  of  a  t^rasi, 

apparently  the  Andropogon  Sorghum  (Brot.)  var. 
vulgaris,  also  known  as  the  Sorghum  vulgare 
(Pers.)  or  '  Oreat  millet,'  the  grain  of  which  pro- 
Tkiesao  important  a  foodstuff.  According  to  E.  P. 
Browne,  Inspector  of  the  Bine  Nile  Froinnoe,  the 
*  6hilv\iftn  *   is  for  producing  a  red  dvf, 

practically  utilised  for  staining  a  graciH  caUc<i 
lanzura,'  employed  in  the  manufacture  of 
<»fil<tured  '  bur^h  '  nints.  but  (tceasionally  for  the 
leather  of  '  markuiM  '  (Sudaiien«  «hues).  It  is 
Specially  grown  for  dyeing  porposee.  A  full 
aooount  of  the  8.  milgare  is  given  by  Watt 
(DictiotwTV  Koonomio  Products  of  India.  «,  iii. 
285)).  The  irrain occasionally  p<jf>^i  -'es  a  bri(  k-ml 
culuur,  and  thatatHarihar  is  used  tor  )ti-i>parinK 
a  red  morocco  from  soat  skin.  The  eane.n  of  .V. 
nacrharnlum  nl^o,  wbrri  prestne*!  and  aIfi>\Md  to 
ferment,  de\<  l  a  red  ur  n  chlirth-lnnw n  1  oiour, 
and  the  <lyo  thus  jin'iiur«-d  ean  \>v  i  xtnx  ted  by 
of  dilute  alkali.  The  Indian,  Persian, 


Abyssinian,  and  Egyptian  forms  would  seem 
to  he  derived  from  we  A,  Sorgknm,  var.  diirrAa; 
but  the  fttet  that  tliis  plant  is  so  extensively 

cultivated  in  Ecypt  as  a  foodstuff  and  the 
'  Shik>'tan '  is  grown  entirely  for  dyeing  pur- 
poses, seems  to  indioate  that  this  latter  is 

again  a  special  variety. 

The  colouring  matter,  durasantalin,  to  which 
the  formula  Ci«Ht,0(  has  been  provisionally 
assigned  (Parkin,  Chem.  Soc.  Trans.  1910,  97, 
220),  consists  of  a  bright-rod  or  scarlet  poxt^er, 
possessing  an  ill-defined  crystalline  structxirf. 
It  is  soluole  in  alkalis  with  a  red-violet  colour, 
passing  rapidly  to  brown  on  air  osddation,  gives 
with  alcoholio  ferric  chl  rirlo  a  brown  liquid, 
and  when  fused  with  all  id i,  ji-hydroxybenzoic 
acid  and  pUoroglucillol,  to^'  t  In  r  with  a  trace  of 
a  third  substance,  probably  p-h^roxyaceto- 
phenone  are  produced.  I>ttrasantalm  does  not 
dye  mor  1  1  calico,  l*ut  Ixdiavcs  as  a  substan- 
tive dyeutul!  towards  wool  upon  which  it  pro- 
ducee  a  dull-red  shade.  A  very  permanent  and 
slightly  fuller  colour  can  l)o  produced  by 
previously  mordanting  the  wool  with  chromium. 
In  many  rosixHJts  this  dye  resembles  the  santalin 
of  sanucrswood,  but  there  is  no  doubt  that 
these  substances  arc  chcmioally  distinct. 

A.  (J.  P. 

RED,  FAST,  «.  Azo-  oolodbikg  uaitbbs. 

RED  FIRB  SnoiRiUM. 

RED   HmATUB  or  ssd  iroa-ovs^  «. 

H.^'imatitt:. 

RED.  HESSIAN,  v.  Azo-  colourino  MAims. 

RED  LEAD.    Minium  PbjO^  t-.  LbaD. 

RED  LIQUOR.  Crude  alnminium  autaU  v. 
Acetic  acid  ;  also  Wood,  vwaxaoarm  mnsu' 

LATION  OF. 

BSD  HAIIBANBBB.  Known  also  nAdiaiogUe, 

V.  RhoDOCHROSITK  and  f! TTi  iDON TTK. 

RED,  NAPHTHAMIKE,  v.  Azo-  ooLOUiuiia 

BIATTEJts. 

RED  OCHRE.  Oxide  ol  icon  mixed  with 

argillaceous  matter. 

RED  OIL  V.  Oleic  aciu. 

RED  ORPIMEiiT.  Realgar  q.  v. 

RBD  FRBCIF1TA1S.  Mercwric  oxid*,  HgO 
V.  MKKcrnv. 

RED  SHORT.  Iron  and  other  metals  which 
are  brittle  at  a  fed  heat  are  said  to  be  red 


snor* , 

RED   SILVER    ORE  v.    PaousTiTB  and 

PyH  \      V  i:i  ti:  ;     L-:t  SiLVER. 

RED,  VENETIAN,  v.  PioME^tm 

RED  WOOD  V.  BBAzrLwoon. 

REDDLE  or  RUDDLE  is  a  soft,  red,  iron  ore, 
more  or  less  impure,  commonly  assooiated  with 
deposits  of  luematite,  as  in  the  Forest  of  Dean, 
at  Ul\ crston,  and  at  "\Vhitfh;ivon.  It  may  bo 
regartlud  as  a  kind  of  red  ochre,  mixed  with 
nrgillaceous  matter,  and  is  need  ehielly  for 
niar!-:it:':'  •--'■^ffp. 

REDONDA  PHOSPHATE  t;.  under  art. 
Alttms  :  also  FERTn.i8ER.s  and  Piiohprobus. 

REDRUTHITE,  A  variety  of  cuprous  sul- 
phide, known  as  ^aicositx ,  copper  glance,  or 
niji])')-  fi>und  In  Cornwall,  }>articulnrly 
in  the  neighbourhood  of  St,  Just,  in  varioua 
parts  of  Scotland,  and  both  crytttaUised  and 
massive  in  the  pnrphyritii  ib-trict  in  T'lst^r, and 
at  th*'  Ki  nm.ite  uiiiic:*,  Kerry.  V.  CoiTKB 
or.AM  r. 

REDUCTASES  v.  FflBHKHXATioir. 
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BEDUOIION. 


IIBDUCnCni*  The  abstraction  of  an  electro* 

nogfitivo  element  from,  or  iiddition  of  nii  I'lectro- 
positive  dement  to,  »uy  cunipouud  j  thua  an 
oxide,  deoxidised  by  the  action  of  hydrogen, 
charcoal,  &c.,  is  said  to  be  reduced.  The  addi> 
tion  of  hydrogen  to  an  organic  oomjiound  by 
the  action  of  sodium  amalgem,  fto.,  is  alao  oalled 
•a  opetation  of  leduotioa. 

RBFRAOTOHBTBR.  In  the  cheiiiioal  ez- 
jLiiiiiiati>>n  of  liquids  and  solutions  a  knowledge 
of  the  refractive  index  is  often  very  valuable. 
Such  a  method  of  chanetwiMtioD,  however, 
could  not  bocome  of  any  very  penpral  practical 
utility  so  long  iU>  a  fcpfcctrometer  and  u  hollow 
prism  were  neceaaary  in  the  determination  of 
refcaotiTe  power.  A  tafad  measurement  of  the 
refraotiTo  index  of  a  Kqtiid  witb  a  small  quantity 
of  material  hat  !  <  ime  possible  only  by  the  in- 
troduction of  instruments  based  on  the  principle 
of  total  refleetion. 

If  A  is  a  point  in  the  common  surface  of 
two  media,  the  upper  of  which  is  air,  and  the 


purely  scientific  or  teohmoal  oberoioal  work 

(1)  Pulfrich'ri   refractoraeter,  (2)  Abbe's 


are 


lower  some  pure  liquid,  then  the  ray  of  lij^ht  tia, 
on  euteriog  the  denser  medium,  is  refracted 
neater  the  nonael  oam  in.  tbe  diiectioo  AC,  to 

tliat      *=n.wheie  « is  the  idraotive  index  of 

em  f 

the  liqmd.   The  ray  da,  eptoring  the  liquid 

af  A  under  grazing  incidence  will  be  refracted 
uccording  to  the  same  law,  und  we  liavo  ac- 
cordingly -^^-^  — «.    Obvioii»lv,  Ti  is  a  limit- 

sill  J{ 

ing  or  critical  angle,  and  it  is  iniposbible  to 
illmnine  the  shaded  part  of  the  denser  mediimi 
by  any  rays  entering  nt  A ;  ae  is  therefore 
a  boundary  between  light  and  dark.  Con- 
versely, if  a  is  illumined  from  the  side  of 
the  denser  medium,  these  rays  which  proceed 
from  Ttointa  in  the  shaded  exea  oaonot  pmrn  out 
into  toe  air,  but  are  totally  reflected.  Farther, 

sin  90° 

it  is  dear  from  the  rdationship  'iji^^^  snthat 

if  wo  can  determine  the  critical  an;-'l>'  ti,  the 
index  of  rcfractiou  of  the  lower  mcdiuin  la 
ea.«ily  evaluated.  Instruments  the  object  of 
which  is  the  meajiurnuent  of  the  erifieal  angle 
are  known  as  '  rcfraetnnietors,'  and  an  actual 
obfjcrvatiou  with  ouo  of  these  conwistK  in  the 
detemiination  of  the  position  of  a  boundary 
between  light  and  dark,  snch  as  that  referred 
to  abo^  < . 

The  instruments  chiefly  used  cither  for 


rcfraotometer,  (;})  tlie  butter  refractomctcr, 
(4)  the  dipping  rtf  rat  to  meter. 

Pulfrich's  refractomeier. — The  essential  part 
of  this  instrument  is  a  rectangular  glass  pnam 
(•eeF|g.2Xsonunintedthatof  ttieninaoes  which 


* 

Km 

Fig.  S. 

are  at  right  angles  to  each  other,  one  (ab) 
i»  horizontal,  and  the  other  (ci>)  is  vertical. 
On  the  top  of  the  prism  there  is  cemented  a 
small  glass  vessel,  wliieli  liolds  the  liquid  under 
investigation.  It  in  essential  that  the  index 
of  refraction  of  this  liquid  should  be  less  tban 
that  of  the  prism.  The  horizontal  surface  ab 
is  illumined  by  monochromatic  light  entering 
the  liquid  from  the  left.  If  the  ray  which  passes 
from  the  liquid  into  the  prism  under  grazing 
incidenoe  is  ooondered,  its  path  will  be  aa  eliown 
in  Fig.  2,  and  be  marked  by  a  boundary 
between  ligiit  and  dark.  The  position  of  this 
limiting  ray,  after  it  hat  pa^Hed  out  of  the 
prism  into  the  air,  is  known  when  the  angle  » 
which  it  makes  with  the  horizontal  is  deter- 
mined. Thi«  is  efifected  with  the  aid  of  a  telescope 
fitted  to  a  moving  circular  scale,  the  croeewires 
of  the  telescope  bebg  adjusted  to  tbe  bonndary 
between  light  and  dark. 

It  can  easily  be  shown  that,  if  n  Ib  the  index 
of  refraction  of  the  liquid  under  investigation 
and  N  is  the  index  of  refraction  of  the  glass 

prism,  n= v'N^— sill"*.  I'he  value  of  N  having 
been  determined  once  for  all,  the  index  of 
refraction  of  the  liquid  can  bo  ea.sily  deduced 
from  the  observed  value  of  ».  In  actual  practice 
tables  are  flm|i|ilied  with  each  instrument,  in 
which,  for  a  given  prism  at  a  given  temperature 
and  for  sodium  lignt,  the  corresponding  values 
of  «  and  7!  are  recorded. 

In  view  of  the  variation  of  refractive  ^wer 
with  ebaage  of  temperature,  it  is  essential  to 
keep  both  liquid  and  prism  at  a  definite  constant 
temperature.  Tluss  is  dune  by  p4u;^ug  a  current 
of  tempered  water  through  the  mount  in  which 
the  prism  i«  set  and  also  thiough  a  silver  vessel 
which  can  be  lowered  into  the  glass  cell  con- 
taining the  liquid.  Refereme  will  be  made 
later  to  the  methods  of  securing  a  water  current 
of  steady  temperature. 

Y'ii:.  3  fihnvrs  the  general  appear  nirr  (,f 
Pulfrichs  refraetometor.  The  mount  in  which 
the  prism  is  set  is  seen  at  r.,  surmounted  by  the 
short  glass  cylinder  wliich  hnlds  the  liquid, 
s,  the  silver  vefl.'<el  througli  wliich  the  water 
current  circulates,  i.s  raised  or  lowered  by  meSDS 
of  a  screw,  and  can  be  moved  to  one  aide 
on  the  axfe  ir.  The  tdeeoope  nr  is  fitted 
rigidly  to  the  divided  circle  n,  which  is  fi<  »'  fu 
rotate  except  when  clamped  by  the  screw  just 
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seen  atH.  The  final  adjustment  of  the  cross- 
wires  to  the  boondAry  between  light  and  dark 
ii  mftdft  by  meMW  of  the  miocometer  screw  o. 
Comieoted  with  this  sciew  then  Is  »  grMhiated 


Fio.  3. 


rcfractometer  can  be  uswl  iti  dptormining  the 
refractive  power  of  solid,  liquid,  or  gaseous 
Bubfitancca,  and  it  is  claimed  that  the  dividing 
lino  between  lichfc  and  dark  is  more  sharply 
defined  than  in  the  Pulfri^h  instrument. 

The  Abbe  Hcfradowtr.  Th-.  e«iential 
feature  of  this  apparatus,  primarily  deigned  for 
the  investigation  of  flttiv,  is  a  double  pnsm 
which  can  be  rotated  about  a  horizontal  nxw. 
The  double  prism  consists  of  two  sixnilar  prismn 
of  highly  refracting  glass  pUoed  Hce  to  face 
and  mounted  in  hollow  nietftl  cases.  The  lower 
prism  with  its  case  is  removable,  but  nsniilly 
hinges  at  one  edge  with  the  other  case,  and  is 
kept  in  positloii  bv  ft  elftmp.  When  an  observa- 
tion is  to  be  made  the  double  prism  is  opened 
out.  and  a  few  drop**  of  the  liquid  under  in- 
vestigation are  placed  on  the  ground  surface 
of  the  lower  vrisin.  Hie  prism  faces  aie  then 
l>rought  together,  the  apparatus  being  inchnc<I 
ut  an  angle  so  that  the  liquid  does  not  run  off, 
and  the  elamp  is  fixed.  A  thin  lilm  of  the 
liquid  is  thus  enctosed  between  the  two  prisma. 
White  light  is  thrown  into  the  lower  prism  by 
means  of  a  pbme  minctr  mounted  on  the  haso 
of  the  instrument,  and  t^h  point,  therefore, 
on  the  ground  surface  of  this  prism  beoomss  • 
centre  of  radiation.  Each  point,  then,  on  the 
polinhoil  face  uf  the  upjier  prism  will  be  illumined 
by  rays  eoniinu'  from  all  nirections  through  the 
liquicf.  Provided  that  the  index  of  refraction 
of  the  upper  prism  is  greater  than  that  of  the 
liquid,  and  siippo^^ing  for  the  moment  thnt 
monochromatic  light  is  being  employed,  the 
rajrs  converging  on  any 
selected    )>oint    A  («€« 


drum-head  moving  in  front  of  a  horizontal 
scale,  so  that  it  is  possible  to  determine  accurately 
the  dispersion  for  any  given  li(iuid. 

As  aooroe  of  light,  either  a  ooIoure<i  tiame  |  Fig.  4)  will  all  pass  into 
or  a  CMssIer  tube  (as  at  q)  may  be  employed,  j  the  upper  prism,  but  the 
In  the  former  case  the  huruer  is  set  up  on  one 
side  and  the  image  of  the  tiame  is  thrown  into 
the  liquid  by  means  of  the  pnsm  x.  This 

Eri.sni  is  raovahlc  about  M  as  an  axis,  and  can 
e  dLssplaced  when  it  is  desired  to  use  the 
Getsslcr  tube 


one  which  enters  at 
graring  incidence  will 
give  a  limiting  ray  ab 
in  the  upper  prism,  cor- 
responding to  a  boundary 
between  Htiht  and  dark, 


The  Polfrich  rafcaotometer,  although  chiefly  ,  so  far  as  illumination  at 


used  for  Investigfttions  of  a  purely  scientifw 

nature,  li  i >  I  ten  employed  in  the  estimation 
of  alcohol  and  extract  in  beer  and  wine  (wee 
Riegler.  Zeitsch.  anal.  Chcm.  1S1H5,  .35,  27 ; 
Race,  J.  Soc.  Chcm.  Ind.  H)OS.  27.  544,  547). 
The  accuracy  of  the  instrument  in  1  unit  in 


A  sJone  is  considered. 

Similarly,  from  any 
other  selected  point  a' 
there  will  pass  through  the  prism  a  limiting 
rn%'  A  B',  parallel  to  AB.  When  they  emerge 
from  the  prism,  all  these  limiting  rays  will  still 


the  fourth  decimal  place  in  measurements  of  j  be  para  lief,  as  b<  ,  n'c',  Ac 


refaction,  and  1-2  units  in  the  fifth  place  in 
nieunrements  of dispenrion.  AHhoug h  designed 
mainly  for  the  determination  of  the  refraction 
and  dispersion  of  liquidH.  l^ilfrich's  refracto- 
meter  ean  be  employed  also  in  the  optical  in- 
vestigation of  solid  liodie-j.    Tn  this  case  the 


The  telescope  of  the  Abbo  rcfractometer, 
T  in  Tig.  6.  contains  ft  lens  which  focussea 
tliese  parallel  limiting  rays  at  the  point  in  the 
telescope  where  the  cn>ss wires  arc  placed.  If 
it  is  borne  in  mind  that  the  prisms  have  a  dcfinito 
u  idt  l>,  it  i.s  clear  that  in  the  field  of  the  teleeoopo 
ull  the  limiting  rays  will  be  focussed  to  ft  lino, 
which  will  l»e  a  boundary  lietwecn  !it;ht  and  dark. 


smaliglass  cylinder  is  removed,  and  the  polished 

object  is  placed  on  the  top  of  the  prism  of  the   , 

apparatus.  Contact  between  the  two  solids  in  In  using  the  Abbe  refractometer  the  double 
secured  by  introducing  a  drop  of  a  liquid  with   prism  is  rotated  by  the  fttmJ  until  this  boundsry 

a  refractive  index  yreat.  r  than  that  of  the  l)ody  pat^-o  fliroui:]i  the  intersection  of  the  crosiwirea 
under  investigation.  For  the  majority  of  of  the  telescojx".  The  angle  of  adju-stment  of 
gUuHMM  monobfomonaphtluilene  is  ft  suitable  |  the  arm  is  quantitatively  related  to  the  refractive 
liquid  to  ti-e  in  thi-^  wa%-.  index  of  the  liquid,  and  might  be  used  to  corn- 

Attention  umy  Im!  iiraMTi  (/.re  Jicwkowilsch.  putc  the  latter.  In  the  Abbo  instrument,  how- 
J.  Soc.  Chcm.  Ind.  1909,  28,  773)  to  ftnother  ever,  the  index  of  refraction  of  the  liquid  is  rem! 
n  f lactometer  which  bears  ft  general  reseni-  off  directly  on  a  graduated  sector,  a,  which  is 
hUnce  to  the  Pulfrich  instrument,  btit  differs !  rigidly  connected  with  the  telescope. 


from  it  in  that  tlie  rect^m^Mdar  prism 


of  the  '       Wiien.  an  is  U8ual,  this  refractonicfrT  is  u  t d 


latter  is  replaced  by  a  cylinder  quadrant.    This  with  ordinary  white  light,  the  boundary  between 
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the  light  and  dark  halves  of  the  field  is  ooloure<l, 
and  no  exact  adjustment  is  possible.  To  obviate 
this  difficulty  a  comitensator  is  introduced  in  the 
telescope  Ixitween  the  objective  and  the  double 
prism.  This  compensator  consists  of  two  Amici 
prisms  which  can  be  simultaneously  rotateii  in 
opposite  directions  about  tho  axis  of  tho  telc- 
sco^Ks  by  means  of  tho  scrcwhead  m,  and  so 


than  that  of  the  butter  rcfractometor,  and  tho 

Abbe  instrument  is  necessary  for  use  with  the 
highly  refracting  essential  oils.  Further,  it 
stands  a  high  temperature  better  than  the  butter 
refractometer,  and  is  therefore  particularly'  well 
adapted  for  the  examination  of  substances  with 
a  high  melting-point,  such  a^  beeswax  and 
Iiaraffin. 

Butler  RefrnctomcUr.  The  main  parts  of 
this  instrument  are  a  telescojx)  and  a  double 
prism.  As  in  tho  Abbe  refractometer,  the  two 
prisms  are  raounte<l  in  metal  cases  with  double 
walls,  in  order  to  permit  tho  circulation  of  a 
current  of  water  of  constant  temperature. 
Tho  upper  prism,  hovt-over,  is  rigidly  connectctl 
with  the  telescope,  while  a  further  difference  from 
the  Abbe  instrument  consists  in  the  absence  of 
a  compensator  in  tho  telescope.    The  upper 

{)ri8ra  is  specially  constructecl  so  that  the  border 
ino  of  total  reffection  is  achromatised  for  puro 
butter  when  white  light  is  used  for  illumination. 
The  telescope  objective  is  adjustable  in  a  sliile 
by  means  of  a  micrometer  screw  (heen  at  c  in 
Fig.  6),  and  in  tho  focal  plane  of  the  objective 
there  is  place<l  an  arbitrary  scale,  praduatetl 
from  —6  to  +105,  the  scope  of  which  covers 
tho  interval  from  n  =1-42  to  n  =1-49.  Tho 

D  I) 

position  of  the  border  line  of  total  reflection 
can,  with  tho  help  of  the  micrometer  screw, 
be  determine<l  to  within  one-tenth  of  a  scale 
division,  corresponding  with  an  accuracy  of 
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neutralise  the  disjjcrsion  of  the  lx)nlcr-Iine. 
A  reading  of  the  scale  of  the  drum  of  tho 
compensator  permit*  a  computation  of  the 
moan  dispersion  for  the  liquiil  under  investiga- 
tion. 

Tho  accuracy  of  tho  Abbe  refractometer  is 
alx)ut  2  units  in  the  fourth  decimal  ])lace  of  the 
refractive  index.  In  view  of  the  variation  of  the 
refractive  power  of  liquids  with  temperature,  it  , 
is  essential  in  accurate  work  to  keep  the  prisms 
and  the  liquid  at  a  definite  constant  tem|HTa- 
ture.  Provision  is  made  in  the  Ablx'  instrument 
for  circulating  water  of  constant  temiK-raturo 
through  tho  double-walled  metal  cases  :ti  which 
the  prisms  are  mounted. 

Tho  Ablx?  refractometer  has  been  employed 
in  tho  examination  of  edible  fat«  and  oils,  lubri- 
cant<<,  alkalis,  linseed  oil,  varnish,  turpentine. 
p<!troleum.  parafllin.  In-eswax,  clycenil,  aniline, 
aqueous,  alcoholic,  and  ethereal  solution.",  milk 
serum,  jams,  jellies,  and  confectionery.  So 
far  as  the  exnniiiintion  o'  the  majority  of  fats 
aiul  oil.s  is  ci»ncenie«l.  the  Alilx-  iii.;trument 
has  to  a  large  extent  lx>eii  <iisj>1a(-ed  by  the 
butter  refractometer  descrilK'<l  Ih-Iow.  The 
range  of  tho  former,  however,  in  much  wider 
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I  unit  in  the  f«)urth  decimal  i)laco  of  the  re- 
fractive index.  Each  instrument  is  accompanied 
by  a  tabh',  which  gives  scale  divi-sions  in  terms 
of  refractive  indiees,  and  riVf  trr«d. 

When  a  fat  or  oil  other  than  butter  is  en- 
<lo:^«-d  between  the  prisms,  the  border-line  of 
total  n-liection  is  mon*  or  less  coloured.  The 
fringe  is  blue  when  tho  dis|X'r»ivo  i)ower  is 
higher,  and  red  when  the  dispersive  power  ia 
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tion,  therefore,  of  a  sample  of  butter  for  adultera-  j  between  light  and  dark^in  the  manner  already 


ower,  than  that  of  l)utt«r  fat.    In  the  oxamina*  [  grazing  incidence,  and  give  rise  to  a  boundary 


tkm  it  is  desirable  to  note,  not  only  the  txact 
position  of  the  boiderline,  but  also  its  appearance. 
The  band  of  oolonr  seen  at  the  borderline  with 

fats  atid  oils  other  tlian  butter  fat  is  in  the 
maiority  of  cases  not  broad  enough  to  interfere 
with  a  satlsfeotory  .  reading.   Should  an  exact 

readiiifj;  be  impossible,  it  ia  advisablo  to 
use  a  sodium  burner  as  tho  Hource  of  illumine, 
tion. 

In  the  following  table  there  are  recorded  tho 
scale  readings  observed  for  various  fats  and  oils 
in  the  butter  zvfmotoiiieter  at  standard  tem- 
peratures:— 


Matilf 


Butter 
Mantarine 

Oleoroartzariiio 
Beef  tallow  . 
Liird 
OoOfeO  fnt 
Mutton  fallfiw 
Cocoanut  oil 
Caeao  bnttsr 


40-5-44-4 

5n-3^8  2 

48  0-1 9-2 
•tU  0 

r.(>(»-r)i-2 

o(»-0-50-5 
l;'.0-460 
33-5-35-5 


OUsatSS* 


C^itfcdiof^ed  oil 
Linseed  oil  . 
Almond  oil  . 
T-oppyseed  oil 
(lino  oil 
Ci  ilza  oil 
Seoaini'  oil  . 
Cod  liver  oil . 


87Ti 

7:i  i)-74"y 
620-e2-8 

68-0 
67-O-090 

750 


Tlio  ][n)sItion  of  the  border-line  for  a  given  fat 
or  oil  varies  \vith  temperature,  tho  moan  varia- 
tion amounting  to  0-55  scale  division  per  degree 
centigrade.  The  scale  reading  hcedtncH  lower 
as  the  temperature  rises.  For  the  conversion 
of  a  reading  taken  at  any  teraperaticre  into  the 
equivalent  value  at  the  standard  trmpfTaturc 
various  rapid  methods  have  been  suggetited 
(see  Leaeh  and  Lythgoe,  J.  Amor.  CSiem.  Soc. 
1W4,  2fi.  1193;  Richmond.  Analyst,  1007,  32. 
44).  In  I  his  connection  nu  iifion  may  be  made 
also  nf  W'ollny's  device  of  using  the  thfrmomcter 
itself  as  an  indicator  of  the  highest  scale  values 
admissible  in  the  case  of  pure  outtcr  at  various 
tcmpcratun's  lK'tw«>on  .30"  and  4(1°. 

Although  ]mmarily  designed  for  the  examina- 
tion of  butter  and  allied  fots,  the  butter  refracto- 
mp(<'r  has  heon  utilised  also  in  testing  such 
proilucts  aa  varnish,  turpentine,  petroleum, 
and  glycerol. 

i^Siothcr  instrument  which  closely  resembles 
tho  butter  refractometer  is  the  milk-fat  refracto- 
meter. This  apparatus  is  ilesigned  for  the 
determination  of  fat  in  milk,  and  the  scale 

covers  the  interval  from  »  =1*33  to  n^=^h42. 

n  j> 

The  ndlk  is  onxdlod,  the  fat  is  extracted  with  a 

definite  quantity  of  ether,  aufl  the  rcfiactive 
power  of  the  ethereal  solution  is  determined  in 
the  refractometer.  The  constructi<m  and  mani- 
pulation of  thiHi  instrument  are  the  same  as  in 
the  ease  of  the  butter  refractometer. 

Dipping  Refractometer.  A  considerable  ex- 
tension of  refractometrio  methods  in  elieniioal 
work  has  resulted  from  tho  introduetion  of 
this  instrument.  It  is  especially  suited  for  the 
examination  of  dilute  aqueous  solutions,  of  which 
fair  qnantities  (20-30  oo.)  are  available.  The 
characteristic  part  of  tho  dipping  refractometer  is 
tho  prism,  which  projects  from  tho  lower  end  of 
tho  instrument  and  is  immersed  directly  in  tho 
liquid  under  examination.    The  Ixidy  of  the 


prism  is  cylindrical  in  .shap<\  and  d  is  so  inountcil 
that  nothing  but  glass  comes  in  contact  with  the 

liquid.   By  means  of  a  mirror  white  light  is  poraturo  bath,  and  the  measurement  is  ma 
thrown  into  the  beaker  containing  the  liquid  in  the  nsnal  way.  If  only  a  very  small  quantity 
anch  •  way  that  the  raya  enter  the  prism  at '.  of  lii^uid  ia  available,  as  in  the  case  of  blood 


described.  The  \arious  parallel  limiting  rays 
are  fooussed  by  the  objective  to  a  line  at  the 
position  in  the  telescope  where  the  soale  is 
placed.  This  border-line  would,  in  ordinary 
circumstances,  be  fringed  with  colour,  owing  to 
tho  diflbtenoe  in  diepenwon  ^between  glass  and 
liquid.  The  instrument  is " 
therefore  provided  with  a 
compensator,  similar  to 
that  already  described  in 
connection  with  tho  Abbe 
refractometer.  This  oom- 
pensator,  situated  between 
tbe  prism  tmd  the  objective, 
consists  of  two  Amiei 
prisms,  which  can  be  rotated 
about  the  aids  of  the  tele- 
scope by  means  of  •  milhd 
ring. 

The  border-line  is  muoh 
sharper  in  the  dipping  re- 
fractomctcr  than  in  thoa© 
instruments  in  whieh  the 
liquid  ia  enclosed  between 
two  prisms.  On  this  ground 
a  hifher  inapTiifieation  in 
the  telescope  is  permissible,  and  the  accuracy  of 
the  measurement  is  eowespondingly  inoreased. 
Tbe  scale  in  the  dipping  reiraotonieter  is  prndii- 
ated  from  —5  to  -|-106,  and  covers  the  range 
of  refractive  index  from  »^<b1*32630  to  »^ss 

1-3CG40.  With  the  help  of  a  micrometer  screw, 
which  effects  the  sliding  of  the  scale  relatively 
to  the  border-line,  it  is  possible  to  ascertain  the 

position  of  the  border  line  to  one  tenth  of  a 
scale  division,  so  that  tho  accuracy  of  the 
measurement  is  about  foor  units  in  the  fifth 

decimal  place  of  tho  refractive  index. 

In  working  vdth  the  dipping  refractometer  a 
strict  control  of  the  temperatwe  is  neoeesary. 

This  is  best  effected  by  immersing;  the  ])eakers 
which  contain  the  liquids  under  examination 
in  a  bath  kept  at  a  constant  stamlani  tempera- 
ture. Care  must  be  taken  th;it  tho  jirisin  of  the 
refractometer  and  tho  liquids  in  tho  beakers 
have  reached  the  temperature  of  the  bath  before 
a  measurement  is  made.  It  is  convenient,  when 
large  numbers  of  solutions  are  to  be  examine<l, 
to  have  a  metal  fr  ano  in  the  bath  so  that  tho 
various  beakers  may  be  placed  in  a  row  and 
the  refraotometer  did  along  from  one  to  another 
on  a  wire  frame  to  which  it  is  hooked  (Fi?.  S). 
If  a  circiUar  bath  is  used,  the  beakers  may  be 
arranged  in  a  circular  frame,  which  to  moved 
round  so  as  to  hrintj  each  beaker  in  succession 
under  tho  rcfruet<>nieter.  Tho  standard  tem- 
perature usually  employed  is  17 -5°,  at  which 
temperature  distilled  water  gives  a  scale  reading 
of  150. 

By  varimis  devices  the  dipping  refracto- 
meter may  1k>  adapted  to  the  ex-uninjit  ii  .n  nf 
certain  hpe<  ial  cases.  A  vt»lati]u  liquul,  an  ulliet  ial 
solution  for  instance,  may  be  enelr)sed  in  a  metal 
ves.sel  with  a  nlas.s  l)ottoin;  this  fits  the  end  of 
the  refractometer  air-  and  water-tii;ht.  The  metal 
vessel  is  then  immersed  in  1  hi    i  .  nstatit  tem- 

de  in 


Digitized  by  Google 


564 


REFRACTOMETER. 


serum,  or  if  tho  liquid  is  deeply  coloured,  os  in 
the  caao  of  dark  beers,  use  may  bo  made  of  an 
auxiliary  prism.  A  few  drops  of  the  liquid  are 
applied  to  tho  hyixitonuso  face  of  this  prism, 
whioh  is  then  slid  along  tho  polished  elliptical 
faeo  of  tho  refractometor  prism,  and  is  kept  in 
position  by  tho  metal  vessel  already  men- 
tioned. 

Tho  dipping  refractometcr  has  been  used  in 
tho  examination  of  a  largo  variety  of  solutions. 
Provided  that  there  is  only  ono  lUssolvod  sub- 
stance, tho  refractometor  may  be  employed  to 
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determine  the  strength  of  tho  solution,  and  in 
this  respect  it  is  an  instrument  of  great  precision  ; 
it  permits,  for  instance,  tho  detection  of  as  small 
a  quantity  of  su<lium  chloride  as  2-3  parts  per 
lO.tKKJ  of  watt-r  (.Matthes  an»l  Wagner,  Arch. 
Phiirm.  1003,  241,  241).  It  has  Inren  used  in 
the  determination  of  ethyl  alcohol  in  water 
(Wagner  and  8<'hultze,  Zeitwlu  anal.  Chcm. 
190V,  4B,  /iOS  ;  Andrews,  .1.  Anier.  (.'hem.  »Soc. 
1DU8, 30,  353);  in  the  detection  and  estimation  of 
methyl  alcohol  in  aqueous  ethyl  alcohol  (Leach 
and  Lyt}igoe(i6i(/.  imr,,  27, 1»G4);  in  the  estima- 
tion of  dextrose  (Wagner  and  Uinck,  t'heiu.  Zeit. 
1006,30,38);  in  tho  examination  of  iieer  (Acker- 
inann.  Zcitselx.  gt-s.  Brauw.  1005.  28.  250  ;  1<K)6. 
2!».  Hfj  ;  Barth,  ibid.  l!K)r»,  2S.  303  ;  Stanek  and 
Miskovskj',  ibid.  1910.  33,  14o);  in  tho  detection 
of  watenMl  milk  (Matthes  an«l  Miiller,  ZeitsciL 
r»lT«  ntl.  <  hcm.  11»03.  !».  173:  I/«  a<  h  and  Lvthgoe, 
J.  Amer.  Chejn.  S..<r.  1904.  2f5.  I  V.)r>  ;  Arkermann. 
Z«itsrli.  Nahr.  CJenussm.  1907.  13.  ISO;  M«i  an«l 
Rolhenfuss<r,  ibid.  J908,  1(1,7;  1910.  19.737); 
in  (In*  <Iet«Tiiiinntion  of  alkaloids  (I'tz,  ('h«!ni. 
Zeil.  1909,  33,  47),  and  in  tho  medical  examina- 
tion of  urine  anfl  bloofi  serum. 

Other  rcfractomctcrs.     In  addition  to  the 


instniments  described  above,  there  are  otherB 
which  have  been  proposed  for  uso  in  analytical 

I  work.  A  short  reforeneo  to  these  refractometers 
must  suflSce. 

Amagat  and  Jean's  oleo-refractometer  (see 
Muter,  Analyst,  1890,  15,  87  ;  Richmond,  ibid. 
1892,  17,  221  ;  Poarmain,  ibid.  1895,  20,  134)  in 
a  differential  instrument,  tho  essential  parts  of 
which  are  a  collimator,  a  telescope,  and  an  inter- 
mediate metallic  vessel,  provided  with  plate- 
glass  sides,  and  filled  with  some  standard  oU.  In 
the  middle  of  this  vessel  there  is  a  silver  re- 
ceptacle, with  glass  sides  placed  at  a  suitable 
angle,  so  as  to  form  a  prism.  The  field  is  divided 
into  a  light  and  a  dark  part  by  means  of  a  shutter, 
and  the  position  of  the  edge  of  this  8ha<low 
varies  with  the  refractive  power  of  tho  oil  which 
is  put  in  the  inner  receptacle.  The  shutter  in 
so  adjusted  that  when  tho  standard  oil  is  put 
both  in  the  inner  and  the  outer  vessels  the  edge 
of  tho  shadow  is  at  the  zero  of  the  scale  in  the 
telescope.  When  another  oil  is  put  in  the  inner 
receptacle,  the  e<lge  of  tho  shadow  is  displaced 
to  a  characteristic  position  either  right  or  left 
of  the  zero. 

In  Tomoe's  apparatus  for  determining  tho 
refraction  of  beers  {see  Ling  and  Pope,  J.  Fed. 
Inst.  Brew.  1901,  7,  170)  a  modification  of  Hall- 
wachs'  prism  is  employed,  consisting  of  a  rect- 

I  angular  gla*w  trough  tiividwl  down  the  niidtUe 
by  a  glas-s  jiartition,  the  sides  of  which  are  parallel 
to  one  another  and  perpendicular  to  the  end  faces. 

'  The  trough,  containing  beer  in  one  divbion  and 
water  in  tho  other,  is  place<l  on  a  spectrometer 
stand,  and  is  illuminated  at  one  end  by  sodium 
light.  The  position  of  the  limiting  ray  which 
passes  through  from  tho  water  to  the  boer  iti 
ascertained  by  a  telescope  supported  on  the  spec- 
trometer stand  and  moving  round  a  graduate<l 
circle.  The  trough  is  then  rotated  through  180° 
and  the  p<i8ition  of  the  limiting  ray,  now  on  the 
other  side  of  tho  partition,  is  determined. 
From  the  angle  Iwtween  the  two  limiting 
rays  tho  refractive  index  of  tho  beer  can 
be  readily  ascertained,  and  when  the  refractive 
index  and  gravity  of  tho  beer  are  known,  tho 
percentages  of  alcohol  and  extract  can  be 
estimated. 

A  direct-reading  refractometcr,  suitable  for 
the  examination  of  oils  or  aqueous  s<)lut ions,  has 
iM'cn  designed  by  F^rv  (Compt.  rend.  1891,  113, 
1028  ;  1894,  119,  332').  Tho  principle  on  which 
the  apparatus  is  basc<l  is  to  annul  by  means  of  a 
sf>lid  prism  of  variable  angle  tho  de\iation 
pnxluceil  in  a  pri.'*m  of  the  liquid  under  examina- 
tion. The  two  prisms  arc  nnitod  in  one  cell, 
two  plano-convex  lenses  being  so  crmentetl 
together,  with  tho  curved  faces  outwards,  tliat 
a  wedge-shajHHl  space  is  enclosed.  In  a  form 
of  the  apparatus  mado  by  Hilger  this  space  is 
enclowMl  by  two  wedge-shaped  pieces  of  glas?. 
and  the  annulling  of  tho  tleviation  prmluced  in 
the  cell  is  effected  by  two  plano-convex  lenses 
which  form  the  oppc>site  faces  of  a  surrounding 
cell  filled  with  water  (^f*'  Fig.  9)-  The  cell  fits 
In  a  br.iss  mount  with  two  narrow  apertures, 
3  mnu  high,  anil  one  above  tho  other.  Tho 
lower  a]Jorture  allows  the  rays  to  pass  through 
the  base  of  the  rell,  which  is  entirely  of  glass  an<I 
aets  like  a  single  plane  parallel  plate  ;  the  upjier 
i»|>erture  allows  those  rays  to  pass  which  traverse 
tho  liquid.    Tho  deviation  produced  by  the 
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liquid  in  the  cell  is  corrected  by  moving  the  cell 
and  it^  mounting  at  right  aii^los  to  the  optical 
axis  of  the  in»trutneut,  and  from  the  extent  of 
this  lateral  movement  the  index  of  refraction 
of  the  liquid  may  be  deduoed.  The  aoak  of  the 


Fra*  9l 

instrument,  giving  the  index  of  refraction 
directly,  extends  from  nv=  1  -3300  to  nD= 1-6700, 
end  the  apparatus  gives  the  refractive  index  with 
aa  aooDiaoy  of  nearly  one  onit  in  €be  fourth 


-^CoM  Water 


made  to  the  necessity,  in  the  accurate  refracto- 
metric  lATeetigatioos  ol  fioids,  of  keeping  the 
temperature  ooiwtaat.  A  supply  of  ivater  at 

constant  temperature  may  be  obtained  by 
running  a  stream  of  tap  water  (the  temperature 
of  which  is  generaUy  constant  over  a  oonsider* 
able  period)  at  i\  fteady  rrpiilatcfl  pressure 
through  a  lieatod  spiral.  Various  forma  of 
apparatus  have  l>een  deviaed  for  this  purpose 
(Pulfnch,  Zeitsch.  Instmmentenkunde,  1898, 
18.  49;  Thorpe,  Chem.  Soc.  Trans.  1904,  85, 
2r)7  ;  von  Hevgendorff,  Chem.  Ziit.  1909.  33, 
244 ;  Hackman,  Chem.  News,  1910,  102,  192). 
The  apparatus  devised  by  Thorpe  is  shown  in 
the  adjoining  sketch.  A  is  a  steam-generating 
TCBsel,  through  the  upper  part  of  whirh  there 
jUBOnn  the  copper  or  '  compo  '  tubing  c.  The 
stream  of  water  is  heated  in  r,  and  thereafter 
passes  through  the  pressure  tubing  u  to  the 
refractometer  7.,  the  rate  of  flow  being  regulated 
by  the  screw  clamp  H.  x  is  aa  arrangement  for 
maintaining  a  constant  head  of  water  at  the 
point  of  entrance  to  the  coil.  The  apparatus 
can  be  broqght  into  action  very  quickly,  and 
givee  under  Ordinary  oonditions  a  streiun  of 
water  which  does  not  vary  more  thaa  0*1*  or  so 
throughout  the  day 

Iff  a  supply  of  tap  water  at  steady  tempera- 
ture should  not  l)c  nvniJahle,  it  is  bej<t  to  circu- 
late water  from  a  constant  tcmpernturo  bath 
through  the  refractometer  and  back  to  the  bath. 
This  is  conveniently  efTected  \nth  the  help  of  a 
small  rotary  pump,  such  as  that  described  by 
Iiowry  (Tteas.  Isnday  Soe.  1907,  3.  110). 

J.  C.  P. 

BBFBIOBRATING  AND  ICB-IIAKINO 
HAOHimBT.   A  refrigerating  machlna  is  a 

rpv('rs«>d  hi-at  engine  in  which  t-mrgy  is  convorte<l 
into  heat,  its  ftmction  being  to  take  heat  from 
a  body  Ixdow  the  normal  tem^jerature  and  impart 
it  to  a  hotter  body.  According  to  the  second 
law  of  Thermodynamics,  it  is  imposdble  for  • 
self-act iinr  maehine  unaided  bv  any  external 
agency  to  convey  heat  from  one  body  to  anothn 
at  a  higher  temperature ;  therefore  a  refrigerat* 
ing  machine  requires  the  application  of  enrrfn-. 
In  fact,  in  working  from  a  lower  to  a  higher 
temperature  an  itleally  perfect  rcfrigoratiii;^ 
machine  requires  the  application  of  exactly  tho 
same  quantity  of  energy  as  is  given  off  by  a 
perfect  heat  i  HLziiH-  Morkint'  frdin  tlie  liiLdier  to 
the  lower  temperature,  and  tho  quantity  of  heat 
rejected  is  the  quantity  of  heat  taken  in  at 
the  lower  temperature  that   due  to  the 

added  energy.  We  can  therefore  delino  tho  CO* 
effieient  of  performance  of  a  perfect  refajgftatiny 
machine  workiag  between  any  two  known 
temperatures. 

If  Q,  is  the  quantity  of  heat  taken  in  at  the 
lower  temperature  T,,^  Q,  tho  heat  given  out 
at  the  higher  temperature  T„  and  W=Q«— Q| 
the  energy  applied,  all  exioessed  in  thermal  units, 

or  in  a 


the  efficient^  of  the  process  is 


Ol 


Fio.  la 

Supply  of  wafrr  at  consfant  temperature  fur 
rejractomeler*.    Kefcrenco  has   already  been 


ClX^^-^^^^^^        perfect  refrigerating  machine 


This  is 


the  ideal  cfTteiency  or  oo-officicnt  of  |x>rformanoe 
•  for  any  temperature  range,  and  it  is  independent 
i  of  the  woTkin|;  substance  cmployefl.  ThefoUow- 

iiiir  taMe  gives  the  oo*eflicient  for  several 

tcui|xraturo  dificrenoes 
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BEFRIGEBATIliG  AND  ICE-MAKING  MACHINERY. 
Tabui  I. 


T, 

TemT>ef  tkliire  at 
vv)ii('l)  heat  is 
extracted  in 
ds^^OQi  0* 

Tempeiitvn  »f.  n^ehlwat  la  rejected 
IndflgcMia. 

10 

16 

20 

25 

SO  1  85 

—20 

3-433 

5-63 

5-06  4-61 

—16 

HCl 

7 -IS 

fl-45 

5-74  5-16 

-i? 

1315 

H-7fi<1 

7- 52 

6-575  5-85 

17-86 

10-7:: 

7-66  6-7 

0 

27'» 

182 

13-65 

i(r»a 

9-1  i7-8 

5 

55-6  ,27-8 

18*682 

13*9 

tri8  9'see 

It  is,  of  coiu^  not  to  be  expected  that  such 
effiofamcieB  un  to  be  obtaineil  in  pnotioew  Ih 

nn  nctiml  machine  thcro  aro  mnny  Ponrr«8  of 
loss,  mechanical  and  otherwise,  aud  ailovmncc 
must  be  made  for  losses  due  to  transmission  in 
UJdQg  in  tho  heat  And  in  diBohaiging  it.  The 
very  nature  of  such  transmisaion  neoenritates  a 
(lifTiTi-iicf'  of  tcnqKraturo,  so  that  tin  Ii  w 
tcmiierAturc  produced  by  a  refrigeratiug  ma- 
chine must  be  lovrar  and  the  high  temperature 
hisher  than  the  tompnmttirr  of  the  body  from 
•which  heat  is  to  be  taiicn  ftml  that  of  the  bod}' 
to  which  the  heat  i»  to  be  rejcrtetl.  This 
alien  the  ratio  betiroen  and  X,— Tj  and 
rednees  the  cfflcicncy. 

Two  principal  t  v}X's  of  refrigerating mMdunM 
are  iu  use  at  the  presout  time  : —  - 

1.  That  in  wmtih  atniosphcrio  air  ia  oooled 
when  iinrler  compression,  and  by  Bubfle<Qaieot 
expansion  in  the  performance  of  work. 

2.  Hut  in  which  heat  is  abstracted  hv  the 
evaporation  of  a  more  or  less  volatile  liquid. 

In  compressed  air  machines,  which  are  now 
little  xised.  ordinary  atmospheric  air  is  com- 
prcsacd  and  heated,  due  U>  the  ooavecsion  into 
neat  of  ineohanical  energy  expended  in  com- 
l^ression.  The  hot  mnipres.sed  air  in  tlien 
retliiood  m  tompcriituro  by  passing  it  through 
a  vcHsoI  in  which  cold  water  is  circtdated,  after 
which  the  cooled  compressed  air  is  expanded 
lo  about  atmospheric  pressure  doing  work 
In  Iiind  a  pist<<n,  and  i-<  further  ooolcd  owing  lo 
the  oon version  of  heat  into  woriu.  There  is 
no  ohanffQ  in  physical  state,  and  the  eenaible 
f empcriit lire  of  the  air  is  raised  by  the  heat  of 
coinpre.srtiuu  and  lowered  by  the  work  done  in 
expansion.  For  this  reaaon,  and  owng  to  the 
fact  that  the  weight  nnd  !5p<'cific  heat  of  air  are 
so  low,  the  difference  Letvveeu  T,  and  T<  is 
very  great.  Moisture  in  the  air  influences  the 
final  temperature  owing  to  the  beat  giren  off 
in  oondensation  and  froexing.  With  tnis  typo 
of  iiiriehine  refri:,'rra(i()n  is  eenerally  effreted 
by  tlibcharging  the  colti  air  directly  into  the  room 
or  vessel  to  bo  cooled  ;  but  sometimes  the  air  is 
used  in  a  closed  circuit,  the  cooled  air  being 
passed  through  pipes  placed  in  the  room,  and 
then  taken  back  to  the  machine  to  be  use»l  over 
again,  in  either  case  the  oooling  effect  ia  pro- 
dnood  by  the  actual  heatin;;  of  the  expanded 
and  cr.olrd  air,  nnd  ouiriLr  to  tli<-  InY'h  Innji! m- 
turc  ot  coniprcsision  in  reliilion  to  the  tempera- 
ture of  the  cooling  water  and  the  low  t^*mporatnrp 
of  <hc  discharged  air  in  relation  to  the  tempera- 
ture of  the  room,  the  eo-cflicicnt  of  performance 
is  very  \"\v.  Were  it  practicable  to  oonstniet 
and  apply  oompreaKcu .  air  nMchinni  dealing 
with  very  large  volnmoa  of  air  without  undue 


losses,  so  that  the  final  tomperature  of  tho 
couiprci»e>ed  air  is  only  slightly  abuvu  that  of  the 
cooling  water  and  the  temperature  of  dischaiged 
air  only  slightly  below  that  desired  to  be  pro- 
duced, we  should  then  have  efficiencies  aj*- 
proximating  to  those  given  in  Table  I.  In 
practice  tho  aix  is  oonpreesed  to  about  60  lbs. 
above  the  atuKiephere  and  diaeharged  at  a 
temperature  approaching  149*C.  (300*F.).  It 
then  passes  through  ooolere,  where  it  is  reduced 
to  within  about  3**C.  (6-4*P.)  of  the  initial  tem- 
perature of  the  efxiling  -voter  and  is  deprived 
of  a  p<irt  ion  of  its  moistnre,  and  is  then  expanded 
behind  a  piston  to  a  little  above  at  nioHi)heric 
prefisuro  and  diaobarged  at  a  temperature  of 
abont  —57^  (— 70*F.).  The  oonpMaion  and 
expansion  pistons  arc  i  r,iiecte(f.  and  the 
difference  iu  power  expendtHl  in  compression 
and  that  given  back  in  ezpanaion,  jiliM  niction, 
is  supplied  by  a  ateam<engme  or  may  other 
source  of  power. 

In  the  second  class,  for  many  years  small 
luwd-worked  machines  have  been  made,  in 
whieh  the  evaporation  of  water  under  a  high 
vacuum  is  emjiitiyid;  and  in  France  the  same 
mat^hino,  but  on  a  largo  scale  and  using  a 
vacuum  ]>roduced  by  a  steam  injector,  has 
been  fitted  on  board  war  vessels  for  the  cool- 
ing of  mngaziaea  in  which  a  eoiuparatively 
high  temperatoze  is  required.  For  industrial 
purposes,  howevert  although  it  is  theoreti- 
call}'  possible  to  work  with  any  liquid,  prac- 
tically nil  raachinen  of  this  ty{xi  work  either 
with  ammonia  (MH|),  carbon  dioxide  (COt), 
or  sulphur  diozrae  (oOt)»  as  the  refrigerating 
agent.  Of  these  ammonia  is  most  largely  used, 
because,  owing  to  it^  physical  properties,  it 
gives  the  greatest  heat  elimination  for  a  given 
expenditure  of  pox^-er.  In  all  eases  heat  is 
abstracted  by  evaporation  of  the  agent,  the 
vajK)ur  being  compressid  and  eondense<i.  nnd 
the  lit^ttid  used  over  again.  Ammonia  machines 
are  also  made  in  whieh  the  vapour  ia  absorbed 
by  water,  which  is  snltsiMpn  nt  ly  heated  and  the 
ammonia  evaporated  off  and  condensed.  These 
are  respect  ivdy  known  aa  *  oompreaeion  *  and 
*  absorption  *  machines. 

A  diagram  of  a  compression  machine  is 
shown  in  Ilg.  1.  There  are  three  principal 

COMPRESSOR 


RCFRIGERATOR 


Fig.  1. 

parts:  refritrerator  or  evajxirator,  compresaor» 
and  condenser.  The  refrigerator  usoaliy  con- 
sists of  a  coil  or  a  series  of  coils  connected  at 
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but  by  the  actual  heating  of  tlio  vapour  which  on 
its  way  from  the  condenser  has  been  Qpoled  by 
the  performance  of  internal  work  in  expanding 
thrrnigli  the  ngulating  valve  from  contlonsiT  to 
refrigt-rator  prtiijaurc.  The  critical  point  ui  Nil, 
is  1;{0*C.  (266*J*'.),  a  temperature  never  ap- 
proached in  refrigerating  machines,  so  that 
when  the  plant  is  properly  charged  Ammonia 
ahvHv*(  (.'tite  rs  the  refrigerator  in  the  liqnid  form. 
In  cooiing  brine  to  -7*0.  (20'if\),  and  with 
cooling  watet  at  lft'6'C  (<XI^F.),  a  well-dosiffned 
compression  machine  of  medium  size  dnvcn 
by  a  steam-engine  using  7  kilos,  of  steam  per 
I.H.P.  hour  vrin  aUstnui  about  316  calories  pec 
kilo,  of  steam  (375  B.T.U.  per  pound). 

In  absorption  machines  ammonia  is  the 
ri'frigL-rat  iiig  af^t-iit,  but  there  is  nu  coiiijmsMir. 
The  vajiour  from  the  refrigerator  passes  over 
or  through  eold  water  which  absorbs  it,  and  the 
liquid  is  then  pumped  into  a  vessel  in  which 
it  is  heated  by  steam,  and  the  ammonia  driven 
off  into  the  oondenser.  A  complete  absorption 
plant  consists  of  a  frencrator  coiitaming  tubed 
to  wliicli  live  or  exhaust  steam  ia  i!;ui)plied  at 
suitable  pressure  according  to  the  teinpt  ratuie 
of  the  condensing  wat«r,  an  analyser,  a  rooUfier, 
a  oondenser,  a  reWfferatOT,  an  absorber,  and  a 
pump  for  forcuig  thf  .strung  liquor  produced 
in  the  abwjrbcr  back  through  a  heat  inter- 
changer  into  the  analyser,  where,  meeting  with 
the  vapour  rising  from  the  generator,  the  am- 
monia is  driven  off,  the  water  falling  buck  into 
the  generator.  The  process  is  thus  carred  on 
continuously.  The  condenser  and  xefidlgerator 
may  be  of  precisely  similar  oonstrttotkm  to  those 
of  a  compression  machine,  the  differenc  '  1  ii  g 
entirely  in  the  mode  of  recovering  the  ammuuia. 
In  an  absorpliMMl  plant  the  only  moving  part  is 
the  strong  liquor  pump.  In  evaporating  the 
ammonia,  the  latent,  as  well  as  part  of  the 
than  about  6^  (11*F.)  diflerence  between  the  '  sensible  heat  of  the  steam  is  utilised  in  the 
temperature  of  erapoffttimiMtdthatof  the  liquid  |  generator,  but  much  heat  is  required  on  aoooimt 

*  of  having  to  drive  off  the  ammonia  from  the 
water  liy  \shich  it  has  been  absorbed,  each  kilo, 
requiring  about  462  oalories,  whereaa  the  latent 
heat  of  ammonia  at  the  condenser  temperatine 
is  only  alxint  297.  The  co-cfficicntK  of  perform- 
ance as  given  in  Table  I.  aru  not  applicable  to 
absorption  machines,  and  in  estimating  their  effi- 
ciency it  ia  usual  to  take  the  ratio  betwei^n  the  heat 
given  off  by  the  steam  condensed  in  the  generator 
and  that  nbstractotl  in  the  refrigerator.  One 
kilo,  of  steam  supplied  to  a  cpnerator  of  an 
absorption  plant  will  abstract  about  280  calories 
in  the  refrigerator  when  cooling  brine  to  —  7*C 
(20**^)  and  with  cooling  water  at  15-6**C 
(OO'F.). 

Refrigerating  machinery  is  used  for  the  pro- 
duction of  ice,  for  the  prcftcrvatiuu  of  periwhable 
foods  in  cold  stores  on  land  and  on  board  ship, 
and  for  cooling  liquids  and  gases.  The  applica* 
tion  is  the  same  in  compression  and  absolution 
machines.  Ice  Is  .sonK  tinK  ^  made  by  freezing 
the  water  on  coils  and  surtaces  in  which  the 
refrigerating  agent  is  evaporated,  but  more 
,'ene"rallv  the  maohino  in  the  Ur-it  instance  cools 


one  end  with  the  suction  of  the  compressor,  the 
doUv&y  from  the  compressor  bcin^  connected 
with  the  condenser,  which  also  consists  of  a  coil 
or  series  of  coils.    The  rofrificrator  coils  are 
surrounded  with  the  substance  to  be  cooled, 
and  around  the  condenser  coils  cooling  water  is 
circulated.  The  bottom  of  the  oondenser  coils  is 
connected  to  the  refrigerator  ooUh  by  a  pipe  in 
'.'.hich  ia  u  valve  for  regulating  thi       uitity  of 
liquid  passix^  from  the  condenser  to  the  re- 
ingoator.         machine  being  in  action,  the 
ro^igeratins  liquid  flows  into  the  refrigerator, 
in  which  the  pressure  is  maintained  so  as  to 
give  the  desirad  tempsiaturo  of  evaporation, 
and  as  this  temperature  is  always  below  the 
t<-mix-ralure  of  the  substance  outside  the  ooib, 
heat  pas-scd  in  from  the  outsiile,  and  causea  the 
liquid  to  evaporate  at  the  temperature  T„  the 
vapour  bdng  continuaUy  drawn  oft  by  the  pump 
which  compre^cd  and  delivers  it  into  the  con- 
deoiier  at  the  tcmperaturt;  T«,  which  is  somewhat 
above  that  of  the  cooling  water.  In  the  con* 
denser  heat  passes  from  the  compressed  va)>our 
into  the  water,  the  vajwur  being  condensed, 
and  the  liquid  which  collects  at  the  bottom 
returns  through  the  regulating  valve  into  the 
refrwemtor.  It  will  thus  be  seen  that  the  eesen. 
tial  cTifTerenoe  between  a  compressed  air  machine 
and  a  machine  using  a  condensable  vapour  is 
that,  in  the  one  case,  heat  is  taken  in  and  re- 
jected by  raising  and  lowering  the  sensible  tem- 
perature of  the  air;  and,  ia  the  other,  the  lieat 
IS  taken  in  and  rejected  at  oonntarU  temp<>rature 
during  the  chanse  in  physical  state  of  the  sasnt. 
Consequently  uie  results  obtahied  with  a 
vapour-compression  u  ai  hine  must  approach  the 
ideal  co-effieient  of  performance  much  more 
nearly  tiian  those  obtained  with  an  air  maohine. 
By  properly  arranging  the  surfaces  in  rcfrigemtor 
ana  oondenser  there  need  not,  a»  a  rule,  im  more 


to  be  cooled,  and  between  the  temperature  of 
condenaatioii  and  that  of  the  cooling  ^^'ater 
leaving  the  oondenser;  but  these  differences 
depend  on  the  desi^  and  oonstmetton  of  the 
parts.  In  cooling  msulated  rooms  the  differ- 
ence between  the  temperature  of  the  air  and  the 
•f«K>rating  liquid  is  usually  arbout  S^C.  (IS'F.). 

Kcfcrring  to  Fig.  1,  it  ^nll  be  seen  that  the 
liquid  passes  from  the  higher  pressure  and 
temperature  of  tiio  condenser  to  the  lower 
pcessoro  and  temperature  of  the  refrigerator 
without  tMvfontting  extemai  work,  and  m  this 
respect  tno  cycle  difTers  from  that  of  a  reversed 
perfect  heat  engine.  The  liquid  enters  the  re- 
nigarator  at  cond^oser  temperature,  and  before 
any  useful  refrigerating  ^rork  ran  be  performed 
it  mu,st  be  reduced  to  the  refrigerator  tempera- 
ture by  the  evaporation  of  a  part  of  its  own 

Joantity.  The  amount  of  this  lost  work  is 
ependenton  the  relation  between  the  latent  heat 
of  evaporation  and  the  rtpeeific  heat  of  the  liquid, 
and  van'ea  according  to  the  liquid  used.  It  is 
smaller  m  :\H,  than  in  OOf  and  SOt,  and  it 
is  larireh"  for  this  reason  that  machines-  employ- 
iritr  NHj  are  no  much  used.    Also  vviLh  CO,,, 


an  uneongealable  brine,  which  m  eireulateu 
has  a  critical  temperature  of  31'4*0.  through  or  around  the  freezing  plates  or  cans. 
^^■40jp,)^  the  Ums  incieaaestapidiy  as  the  oooiing  i  If  clear  ice  is  desired,  the  water  must  be  agitated 
water  temperature  rises,  and  oeyond  the  oritioal  \  during  freezing,  or  distilfed  water  must  be  used. 

tempeni'nri  the  cooling  effect  in  the  refrigerator  j  For  thr  cooling  of  sion  s  the  air  m&y  b<>  diii  i  (ly 
ia  not  produced  und^  constant  temperature,  |  oooled  by  pipes  called  direct  ex^ianaion  pipes. 
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in  which  ammonia  or  otber  liquid  it  evftpoxatod, 
or  by  pipw  through  whioh  cold  brinA  u  oiven- 
latcd,  or  oy  a  circulation  of  ttir  prsvioudy  oookd 

in  a  upecial  cooler. 

Onn  of  the  ewliert.  ap^ieatwna  of  rof  rigenting 

mRchin*TV  vrns  for  tlie  srpnrnlidii  i<f  paraffin 
frotu  fikalo  ami  oIIkt  uii.s,  ihc  uil  coiiUiiiiiiig 
pavafiin  in  solution  at  ordinary  temperature 
Doiiig  paawd  over  cold  stuteoea,  vhioh  caused 
the  penffin  to  crratftlliw  out.  In  the  aame  way 
iiaplithakiiL-  ana  other  subHtances  can  he 
separated  from  gaaes,  and  by  having  two  or 
mora  suppUee  of  the  oooling  agent  at  different 
temperatures  any  gas  can  be  subjected  to 
fractional  condensation.  Oil^  ore  artiticialiy 
cooled  and  treated  in  filter  prossea  to  separate 
the  stearin.  In  the  manufacture  of  margarine 
very  rapid  cooling  and  separation  of  the  resi- 
dual nulk  is  essential.  The  dry  process  in  which 
the  liquid  margarine  paases  ou  to  a  revolving 
dram  eooled  by  brine  ia  now  superseded  to  a 
large  extent  by  the  use  of  a  plentiful  supply  of 
eold  water  applied  in  thu  foriit  of  a  jet,  ^u  that 
the  stream  mixes  intimately  with  the  hot  liquid 
nan^nrine  and  immediately  cools  and  washes  it. 

In  the  manufacture  of  potassium  chlorate, 
the  residual  liquor  which  \\i\h  formerly  allowed 
to  nm  to  waste  is  now  cooled  to  a  temperature 
of  abont  -2<^  (>-lS*F.),  and  a  largo  propor- 
tion of  the  ohi'jrate  is  recovered.  The  Inpnd  is 
cooleil  in  a  tani<  by  direct  contact  with  expan8icn 
pines,  the  crystals  falling  to  the  bottom.  The 
eokl  licpior  after  treatment  passes  throngh  an 
iulcrcbaijger  and  partially  cools  the  new  charge 
on  its  way  to  the  crystallising  tank.  Jhere 
are  many  other  applications  of  refrigerating, 
machinery  for  assisting  crystallisation  (oarbolio  I 
acid,  for  instance),  ami  .'■onie  yearft  nuo  an  at- 
tempt was  made  to  utse  it  in  the  cry»t^lii^tion  of 
common  salt  in  place  of  the  evaporation  process. 
In  thenmmonia  soda  process  tlie  refrip(  ratimi  is 
employed  to  separate  ammonium  chJunde  fruui 
the  liquor.  In  each  onsc  the  actual  cooling  sur- 
faces must  be  arranged  to  Huit  the  material  to  be 
cooled,  and,  when  inssible,  it  is  of  oourse  eoo- 
ii'>nii(  ai  to  eooitlie  new  charge  by  the  cold  spent 
liquor.  In  beet  sugar  manufacture  to  increase 
the  yield  it  is  customary  to  use  caustic  strontia 
to  form  strontium  sncchnratc,  whii  h  in  .separated 
by  filtration  from  the  molasses.  On  oooliiig  the 
strontium  saoohavate  to  about  6*'C.  {iO^F.)  it 
is  split  up  into  sugar  and  oaustio  strontia,  the 
latter  being  used  over  again.  The  mannfaoture 
of  tlie  iiio-l  inijxjrtant  elass  of  anilim-  dyestulTs, 
the  azo  colours,  is  largely  dependent  upon 
reMgeratioo.  In  the  exploBivee  industiy, 
refrigeration  finds  application  in  checking 
chemical  reaction  and  spontaneous  dcuouiposi- 
(ion,  to  which  many  nitro  explosives  are  subject 
at  hi<:h  temp(M*ature.  Other  ap^cations  of  re- 
fri„'i  ration  are  in  the  liquefaction  of  chlorine 
uhieh  at  atmospheric  pressure  re<|uires  a  tem- 
jK-ntture  ot  about  —iO'C.  (— 40*F.),  and  the 
cor)ling  of  viscose  in  the  manafacture  of  artificial 
silk.  In  brewing  and  many  other  indnstrie« 
large  quantities  of  cold  water  arc  requntd,  and 
in  njost  infttanees  refrig<  raimg  machinery  in 
used.  Refrigeration  is  also  us&l  in  controlhng 
the  fermentation  of  beer,  yeaat,  tobacco,  cheese, 
cream,  and  otln  r  suK-tances,  and  in  drying  air. 
In  the  roerceruung  proccsa  it  has  been  iound 
advantageous  to  ciool  the  caustic  alkalis.  The 


Hoenfner  process  of  producing  pure  sodium 
sidphate  by  crystallisation  from  acid  solutions 

neci.ssitates  the  use  of  brin  i'  a  temperature 
of  about  — 4\.  (25°i>'.  i,  and  m  thu  same  process 
large  quantities  of  chlorine  are  produced  in 
the  electrolytic  production  of  zinc,  the  chlorine 
usually  being  condensed  by  means  of  a  re* 
frigerating  machine. 

Liquid  air,  oxvgen,  nitr(^[ea,  and  hydrogen 
are  also  produced  by  means  of  low  temperatures, 
but  the  apparatus  en>pio>eii  differs  from  those 
considered  in  this  article,  and  is  dealt  with  under 
a  separate  heading. 

BiMio(frapht/.-yitchiin'\crt]  Production  of 
Cold,  Sir  Alfred  Ewuig,  Ix)n(ion  ;  Refrigeration, 

j  an  Elementary  Text-Book.  J.  Wemyss  Andsffson, 
London ;  Refrigeration,  Cold  Storage,  and  Ice* 

I  making,  A.  J.  Wallis-Taylor,  London ;  Re- 
frigerating Machinery  and  its  Management, 
A.  Ritchie  Leask,  London;  Mechanical  Re> 
frigeration,  Hal  Williams,  London ;  Gompend  of 
Mechanical  Refrigeration,  J.  E.  Siebel,  Cnicapo  ; 
Machinery  for  Refrigeration,  Norman  iselfe, 
Chicago ;  The  Absorption  Refrigerating  Machine, 
Gardner  T.  Voorhces,  Chicago;  Ice- making 
Machines,  M.  Ledoux,  New  York ;  Ein  Com- 
pendium dpr  Ocsamten  Kaelle-Industrie.Iliehard 
Stetefeld,l^tuttgart:  Eis  und  Kaeiteeracugung'a 
MsMdwien,  Ck>ttlieb  Behiend,  Halle;  Nenre 
KttehlmMclmien,  Hena  Lornni.  Munich. 

T  S  Ij. 

BEGINA  PURPLE.  Acetate  of'  ihUtlyl'P' 
rosanilitu  C„H,tN,04  v.  TBiPHlim  MEfKBAXtm 

COLOtmiNO  MATTERS. 

REGULUS.  An  alchemistic  term  signifying 
the  littU  king,  apparently  iirst  apj^ied  to  anti* 
mony.   Now  used  in  metallurgy  to  denote  aa 

impure  metal  oI>tained  from  it:^  o.\ide  OT  Sul- 
phide by  fusion  with  a  reducing  agent. 

SBHBATIIfO.   A  metallurgical  term  mainly 

applied  to  tho  operation  <if  heating  puddled 
bars  to  a  welding  heat  preparatory  to  paasiug 
them  throu^  rolls. 

REICHARDTTTE.  A  juassive  variety  of 
epsomito,  MgS04,7UgO,  found  at  the  Staasfurt 
salt  deposits  (Krause,  Arch.  Rharm.  376^  41). 

RENADEN  v.  Synthetic  drugs. 

RENOFORM  i-.  Synthetic  drcos. 

RES  AZ  U  RIN  ( *  1  zartsorc  in ,  Diazoresorcin, 
JteMzoin).  An  indicator  which  gives  a  Utte 
colour  with  alkalis  and  a  red  with  acids. 

It  is  prepared  by  dissolving  4  grms.  rraordnol 
in  3lX)  c.c.  dry  ether  and  adding  3-4  e.e.  of 
fuming  nitric  acid  (^p.gr.  1*25),  the  tempera- 
ture being  kept  at  -5"  to  —  8**.  The  solution  is 
allowed  to  stand  in  a  cool  place  for  two  daya 
and  tho  dark  coloured  crystals  separated  from 
tho  mother  liquor  and  washed  with  ether  end 
M'atcr  until  the  washings  have  a  pure  blue  colour 
(CVisraer,  Bull,  de  1*A»k>c.  Bclg.  dee  Chimistee, 
10,  22;  .1.  Soc.  Cheni.  Ind.  1800.  CIS). 

Reaazurin  occurs  in  rcddish-broAm  cryatals, 
slightly  soluble  in  water,  more  soluble  in  alcohol, 
and  f,i-ily  Miluble  in  elhyl  acetate.  It  is  a 
monuba.sio  acid,  but  ilo  exact  (xtutjKisition  is 
unknown. 

It  is  prepared  for  uao  by  dissolving  0-2  grm. 
in  40  c.c.  of  N/IO  ammonia  and  oiluting  to 
1000  ( .e.  The  solution  has  a  deep  blue  colour 
by  reflected  light,  but  is  roddiah  by  transmitted 
tight ;  it  is  quite  stable.  About  3  drops  of 


J  .    by  Google 


RESINS. 


609 


this  solution  Bttffioe  for  the  ^tration  of  200  c.c. 
uf  liquid. 

lioaazurin  id  spnially  useful  f'lr  fitraliiig 
N/iO  Bolotions  of  borax,  to  which  litmuo  or  ] 
phenol-philudbin  is  not  sttffioiontly  aenaitive,  ; 
ami  is  L'tii'Tiilly  very  sensitive  to  alkalis.  It 
caaiiut  be  used  lor  nitric  acid  or  weak  organic 
acid^  (^ec  Lemoinc,  Bull.  Assoc.  Belg.  Chim.  13, 
[4]  178.  185,  188 ;  and  187 ;  J.  Soo.  Chein,  lad. 
1899,  (108.010,611,614). 

RCSINS.  Besins  con.slitulo  a  class  of 
▼egetaUe  or*  raraljr*  animal  prodaots  -which 
are  loHd  or  BBini^oBd,  imoluUe  in  water, 
but  ^i.-iu-nilly  Moliilile  ill  iilt.uhul,  ether,  iind 
volatile  oils.  They  uearly  all  begin  to  soften 
at  temperafcona  nauch  below  their  melting' 
points.  They  are  often  left  by  the  spouta- 
neoua  evaporation  of  oleoreainous  juices  which 
exude  either  naturally  or  by  incision  from  the 
trunks  of  treee.  A  number  are  found  aa  mine- 
rals, but  these  are  undoubtedly  the  product  of 
extinct  vegetation.  Others  are  extracted  from 
various  parts  of  plants  by  such  solvents  as 
aloohd  and  ether.  This  articia  exdudes  those 
resins  whii  h  contain  benzoic  or  cinnamic  acid 
(fmlsams),  thorn:  which  appear  in  commerce  ad- 
mixed with  gum  {gum  resins)  or  volatile  oil  {olw 
r':,^^lls\,  and  lhi>se  which  consist  of  hydrocarbons 
alliutl  to  pdrdtum.  It  is  perhaps  to  bo  regretted 
that  it  is  necessary  tu  retain  such  a  classitication 
aa  this,  based  as  it  ia  upon  oommeroial  or  bo- 
tanical oonaidflratianB,  or  at  beat  upon  physical 
tJi-t  int  lions  of  solubility.  Chi-mit  al  inquiry,  how- 
ever, has  not  b^n  carried  far  enough  yet  to 
make  a  more  scientific  arrangement  posaible,  and 
indeed,  widely  do  tlu;  viit  ioUH  resins  that  have 
beeu  studied  ditler  fruui  one  aunt  her  ehrniirnlU 
that  it  seems  likely  that  as  a  el.i  '  li  <  liti- 
mately  disappear,  being  taken  tu  liii  in  gaps  here 
and  tliere  in  the  growing  structut^  ot  organic 
chemistry. 

We  shall  here  treat  of  the  more  important 
repreaentatiTes  of  this  group  of  substances. 

f  r  those  'W'hich  are  le.ss  known,  .st-t-  the  various 
iieportd  on  iiotanieal  Iv  onomics,  and  Museum 
Catalogues.  On  the  formation  of  resins  see 
Heldt  (Annalen,  63,  48),  Wiesnor  (Sitz.  Ber.  K. 
Akad.  Wien.  62,  2,  118),  Barth  (Zeittich.  Chem. 
iStiT.  iX>8),  and  Tschirch  (Aroh.  Phi»nn.  243, 
81) ;  their  oompoeition  and  behaviour  towards 
rei^fenta.  Roes  (Annalen,  13,  174),  Johnston 
{ibid.  44.  328);  the  compt»un«ls  formed  )>\  the 
aoUon  of  mcltod  jiota^sium  hydroxide,  lilasiwet/. 
and  Barth  (»6^.  134,  SOS;  138.  61  ;  139,  77) ; 
their  neutralisation  or  saponification  coefficients 
when  tmited  with  a  standard  solution  of  caustic 
alkali^  Kremel  (Zeitsch.  anal.  Chem.  26,  262; 
Pharm.  J.  [iiLj  17,  647);  their  respective  iodine 
abw>rption  numbers,  Wmiams  (Chem.  lYew.s,  58, 
224):  !■  •  rraination  of  their  methoxyl  equiva- 
lents, Bamberger  (Monatsh.  11,  84),  and  on  the 
sntconatio  identification  of  resinst  see  1  lirseh^hn 
(Pharm.  Zeit.  10.  HI  :  24,  529;  Zeitsch.  ami. 
Chem.  17,  256);  iJieterich  (Pharm.  Zent.sh.  ;{7, 
424),  and  Schmidt  antl  Erban  (Monatsh.  7,  665). 
Keo  also  Tschirch,  Die  Uarze  und  die  Uarzbe- 
halter,  Leipzig,  1900. 

Alouehi,  or  Aluehl  Resin.  A  r^  ^n  imported 
from  Madagascar.  It  is  Iriablo,  dirty-white  ex- 
ternally, hiachfah  and  marbled  inthm,  and  has 
a  bitt<'r,  peppery  taste.  It  was  examined  by 
Bonostre  (J.  Pharm.  Chim.  0,  180 ;  10,  1),  who 


found  it  soluble  in  cold  alcohol  to  tlie  extent  of 
6812  p.o.  A  further  portion,  20-45  i).c.,  dis- 
til >lvei  I  in  hot  alcohol.  It  contains  a  small 
proportion  (10  p>.c.J  of  essential  oil.  V.  also 
Vauquelin  (Ann.  Chim.  Phys.  il.  72,  809V. 

Arnica  Resin,  Amiriru  The  root  o.  Arnira 
montana  i  Luin.  ),  a  eoinpositous  plant  iuliubitiug 
the  nurth>  rn  and  central  regions  of  Europe 
and  Anierie.i  i  litMitl.  a.  Trim.  loS),  contains  a 
resinous  sub.'iluuuu  tu  wlutl;  iIk-  name  ainiciii 
has  been  given,  together  with  gum,  wax,  inulin 
10  p.o.,  vokU^  oil,  and  an  alkaloid  (})  ar»»c»iie 
(Bostick,  Fhann.  J.  10,  380),  and  other  oon* 
stitueniM.  The  resinous  compound  arnicin  was 
isolated  by  Wak  (Neuer.  Johresb.  Pharm.  13, 
176;  14,  79;  10,  389).  It  is  yellow,  amor- 
phons,  has  nt  I'  ri'!  taste,  is  soluble  in  alcohol, 
ether,  ami  alkaiin,  and  is  precipitated  from 
the  alcoholic  sdntion  1^  water.  Anal.  I.  t 
gave  numbers  corresponding  with  the  formula 
C,(,H3q04.  It  may  po^isibly  prove  to  be  a 
irhi'-o.^ide.  For  another  constituent  to  which 
the  name  '  arnicin '  has  been  given*  v.  Porvesi 
(J.  18S0,  584). 

Betula  Redn,  BdvUn.  The  outer  hark  of 
the  birch  tree,  liniula  aiba  (Linn.),  yields  a  resin. 
Lowitz,  in  178^,  cU  scribed  it  (Crell  s  Annalen,  2, 
312),  and  it  has  been  fintlur  examined  by 
Hiinefeld  (J.  pr.  Chem.  [i.  |  7,  53 ),  Hess  (Annalen, 
29,  135),  Mason  (Bcreelius  Jaliresb.  12,  248), 
btohelin  and  Hofstetter  (Annalen,  51,  79), 
Honsmann  (ittid.  182;  369),  aid  othere.  Betulin 
melt«  at  258°,  and  has  the  formula  r3,.Flj„().,. 

Capsicum  ReSiO.  The  fruits  of  Capsicum 
minimum  (Koxb.)  and  Capsicum  annuum 
(Linn.),  constituting  respectively  the  smull  and 
large  red  or  cayenne  iHipiwr  j>od^  of  cuiuuu  ice, 
yield  a  reain  to  which  the  acrid  property  of  the 
pods  waa  oooe  attributed.  The  other  important 
constituenta  are  a  vobUite  oil,  a  volatile  alkaloid, 
capsirint^  whieh  resembles  eoniine  (Felletilr,  J. 
Pharm.  Chim.  1870, 347 :  Thresh,  Pharm.  J.  liii.] 
0,  941),  and  an  intensely  active  acrid,  crystal- 
line compound  discovered  by  Tliresh,  c^psnicin, 
to  which  t  iie  pungency  uf  cayenne  pepper  iti  now 
ascribed  {ibid,  [iii.]  7,  21,  259,  473 ;  8,  187). 
V,  also  Meyer  (Pharm.  Zeit.  1889,  130),  Pabst 
(Aroh.  Pharm.  230,  108),  Nessler  (Zeitsch.  Nahr. 
Genussm.  11,  661),  Micko  (tbid.  1898.  818; 
1899,  411),  l^elson  (Chem.  K&yn,  191 1,  103,  111). 
Capsaicin  has  the  formula  C,H,|0,.  It  does 
not  possess  basic  proiH?rties.  It  melts  at  HI  "t"* 
I  Nelson),  subiimcM  at  115%  and  iia^  a  bp.gr.  uf 
1-060.  Most  solvents,  indttding  sulphuric  and 
glacial  acetic  acids,  (i!s>o!vc  capsHi<  in  ;  hut  il  is 
insoluble  in  water,  uud  is  tliroHu  out  ui  its 
solution  in  alkalis  by  a  stream  of  carbonic  dioxide. 
The  fruits  of  Cap9icwa minimum  (Koxb.)  contain 
about  20  tim^fl  as  much  capsaicin  as  tftoFc  cl 
Capsicf(  '  'Mi<  l.o,  If.). 

Castoreum  Resin.  The  dried  preputial  fol- 
licles of  the  beaver,  Cattor  fiber  (Idnn.),  are  ue«Hl 
in  medicine  ns  a  nervous  btimuhiiit  or  anti- 
spasmodic (Percira.  Mat.  .Med.  1853,  2,  226«i). 
C^tor  eontuiiis  a  re>n'n^  1-2  p.c.  of  volntik  oil, 
and  a  neutral  crvstailine  substanee,  C(i*torii».  If 
castor  be  treated  with  hot  alcohol,  cither  with  or 
without  previous  admixture  with  lime,  a  solntioa 
results  which,  on  cooling,  deposits  castorin  in 
crystals,  and  from  the  mother-liquor  of  which 
the  resin  may  bo  td  taini  .!  hy  the  nddili  -n  i  f 
water.    Castoriu  was  dij>covered  by  Bizio  (Arch. 
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Pharm.  11,  112),  and  iurfcher  investigated  by 
Valeneiennes  (PhMm.  J.  1861,  329).   It  » 

iiultliur  ucid  nor  basic,  and  iissuiiics  the  form  of 
easily -futtiblu  ueodles  wluth  puM.scsd  uuly  in  a 
faint  degree  the  odour  and  imto  oi  castor.  The 
nctivit}'  of  cast^jr  rt'sidus  in  the  rt'sin,  which, 
havinj{  been  precipitated  by  water  from  tiio 
alcoholic  solution,  from  which  the  catituriD  h&s 
hmta  separated,  may  be  puhfied  by  re-soiution 
in  aloonol  and  re-precipitation  by  water.  The 
yield  varies  very  much,  aomo  hpecimens  of  castor 
giving  as  much  as  58  p.c,  and  others  not  more 
than  14  p.c.  Castor  resin  is  nearly  black.  It 
is  brittle,  and  is  insoluble  in  ether.  It  possessea 
the  bitterneiM  and  acridity  of  cantor  in  a  very 
high  degree.  The  volatile  oil  obtained,  to  the 
extent  of  1  or  2  p.c.,  by  distilling  castor  with 
water  is  pale-yellow  and  visciti,  is  nearly  in-  ^ 
soluble  in  water,  but  soluble  in  alcohol,  and  I 
possesses  the  odour  of  the  drug.  With  regard 
to  the  supposed  presence  an  alkdoid  in  castor, 
V.  Router  (Pharnu  Centh.  1880,  305).  Many 
other  coustitucnts,  in  small  proportion,  have  been 
annownoed  from  time  to  time  as  oocurring  in 
castor,  Buoh  as  bile^  aalioin,  beoaoiio  aeki,  and 
yphenol. 

Colophony  {Commtm  Retin  ;  Ro«in  ;  ReMna, 
Br.  I'h. ;  (Jolophane,  Fir.  $  Kolophonium,  tier.). 
Colophony  is  the  reddne  which  remains  after 
the  Volatile  oil  ha.i  been  removed  by  dititiJlatiuii 
from  the  oleoreaina.  the  crude  turpentiueii 
Vhioh  exude  from  varions  speciea  of  conifem. 
It  varies  somewhat,  acconltng  as  it  is  derived 
from  the  one  or  the  other  siHicies,  and  with 
tha  nethod  ampk^wi  for  its  production.  The 
bro>vner  resins  are  mostly  of  American  origin, 
from  Pintu  palu$tris  (Mill.);  whilst  those  of  a 
lighter  colour  come  bv  way  of  Bordeaux,  being  ' 
the  yield  of  Pinnu  Pintuter  (Solander),  f ouml  1 
in  the  diatiiota  of  tlie  Landes  and  the  Gtronde^ } 
It  varies  in  colour  from  jialo  amber  to  dark 
red-brown.  The  '  white  resin '  of  commerce 
owes  its  light-yellow  colour  to  a  slight  opacity, 
due  to  the  presence  of  small  quantities  of  water. 

Colophony  is  a  very  brittle  solitl  with  a  glassy 
fracture.   It  has  a  faint  odour  of  turpentine,  and 
scarcely  any  taste.   It  is  heavier  tluin  water,  in 
whichttismsoluble.   ItBsp.gr.  is  generally  1-07. 
Ether,  eldcriiforin,  acftoM<',  benxem-,  volatile  and 
lixed  oils  dissolve  it  readily,  and  at  W  it  is 
soluble  in  its  own  weight  of  alcohol  or  glacial  t 
mu'tir.  acid.    It  is  sohiblc  in  alkalis.    It  softens  , 
at  8U~',  and  melt^  variously  from  iW^  ux  some 
specimens  to  135"  in  othfl»  Heated  to  higher ' 
temperatures  it  yields  gaaeo«M  pradtaots  and  a 
distillate  of  retin  oit,  but  in  a  ourrent  of  steam 
above  200^  colophony  may  bc  distilled  wltJiont 
any  appreciable  change. 

American  colophony  consists  easentially  of 
a  resin  acid,  nhietic  acid  (\,H,^Oj  or  C.JIa.O. 
(Malv.  .\niialen,  119.  llfi.  161,  244;  Lieber- 
mann,  Ber.  17,  1.SS4  ;  Haller,  ibid.  18.  2165; 
Maoh,  Monatsh.  14,  186;  15,  627;  Fahrion, 
ZoltAch.  angew.  Chem,  14,  1197,  1221,  1252; 
I.w.  .7„</.  IS.  1730;  lU  r.  3'J,  3043).  Varying 
ligures  for  the  mcUiiig-poiut  of  abictic  acid 
ranging  from  130*  to  160*  have  been  given  by 
ditTerent  obHcrvrr^,  whilst  Tx;vy.  by  v.uuuin 
(list  dial  ion  and  repeated  crystallisation  from 
;i)(  thyl  alcohol.  Obtained  a  product  melting 
at  182». 

Tschiroh  and  Stnder  (Aich.  Pharm.  241,  4U5) 


by  treating  an  aloriiolio  solution  of  colophony 
with  alcoholic  lead  acetate  obtained  two  isomerio 

resin  arids.  The  lii>t,  a-abictic  acid,  the  lead 
salt  of  which  is  iu.->ohibie  in  alcohol,  is  a  mono- 
basic acid ;  it  softens  at  14S*  and  melts  com- 
pletely at  155^.  The  secorid,  $ahittir,  tirid, 
softens  at  145",  is  completely  nielt*,'d  at  1Gb', 
is  monobasic  and  is  not  precipitated  by  alcoholic 
)ead  acetate.  From  the  ethereal  solution  of 
the  resin,  a  third  iaomeride,  y-iAidic  acid,  was 
extracted  by  aqueous  sodium  carbonate  :  it 
melted  at  153°-154°.  After  removing  the  acids, 
aboQt  5-6  p.c.  of  resene  remained  as  a  brown 
mass  that  softened  in  the  liand.  (For  the 
constitution  of  abietic  aeid  v.  Easteriield  and 
Bagloy  (Chem.  Sov.  Trans.  85,  1238) ;  Ttehireh 
and  Studcr  (Arch.  Pharm.  241,  523).) 

When  colophony  dissolves  in  alkali,  an 
alkaline  abietate,  or  resin  soap,  is  formed.  Tld^ 
is  largely  employed  as  an  admixture  in  the  manu- 
factore  of  tne  commoner  soaps.  Heated  to 
redness  colophony  evolves  a  mixture  of  gases, 
which  burns  with  a  bright  flame,  and  it  has 
been  proposed  as  a  source  of  illuminating  gas. 
It  enters  largely  into  the  constitution  of  the 
less-esteemed  varnishes,  is  used  for  the  caulking 
of  ships,  for  cements,  as  a  flux  in  the  .■-nldering 
of  metallic  and  in  phannacy  it  entera  into  many 
ointments  and  plairten. 

The  <ir  rosinoil  obt.iinnl  by  the  dry  dis- 
tiilatiou  of  resin  is  widely  made  use  of,  and  its 
chemioal  constituents  are  being  more  and  more 
studied.  It  consists  e.«.sentially  of  a  mixture  of 
hydroearbons  and  fatty  acids.  Generally  it  is 
separated  into  two  portions,  the  lighter  spirit 
that  first  comes  over  b«ng  collected  apart 
from  the  heavier  oil,  which  distils  last.  The 
lighter  .spirit  is  used  as  a  substitute  for  oil 
OX  turpentine,  while  tiie  heavier  is  employed 
as  a  InbrKjant  and  in  aoap-maldng.  The  Ugbtev 
resin  fpirif,  boiling  below  360^.  contains,  ac- 
cording to  Kenard  (Ann.  Chim.  Phys.  [vi.  1 1, 223) 
the  following  compounds  :  pentane.  boiling  from 
35^  to  38°,  amvlene  (35''-40^).  the  hydrocarbons 
C-H,4(W-66^)  and  ('«H, jieT^'-TO"),  hcxahvdro- 
toluene  (95^-98"),  tetrahydrotolucne (103  -H».-)='), 
toluene  (111^),  hexahydroxylene  (120^-123°), 
tetrahydroxyleno  (128*-130''^),  xylene  (136"), 
liexahydrtaumene  (147^-1.30°),  tlu-  hydrocar- 
bon C,H.,  (166^  ?),  cumeue  (151"),  tcrpenew 
(164*-157*  and  ITl'-HS").  hexahydrocymeno 
(171°-173°),  rvmene  (Mrt^-llH^).  »n-ef  hylpropyl- 
benzcno  ( 11>3"- lUo^^j,  the  hvdnxarbon  Ci,H,, 
(about  2t>0^),  i>obiityri<-  aldehyde  (60°-62^), 
▼aleric  aldehyde  (96''-98^),  also  Mobu^ric  acid 
and  valeric  add.  Colophene  (SIS'-SSS'*),  the 
compound  formed  by  polymerising  turpentine 
oil  by  means  of  sulphuric  acid,  is  also  a  con- 
stituent of  resin  spirit  (Deville.  Annalen.  37, 
193).  There  is  little  doubt  that  the  <>olopheno 
found  in  resin  spirit  by  Deville  is  identical  with 
abietene  CjsHj*,  a  hydrocarbon  obtained  by 
Elasteriiold  and  Bagley  (Chem.  Soc.  Trans.  85, 
1244)  by  the  distillation  of  crystalline  abietic 
acid.  The  heavier  resin  oil,  boiling  above  3(»0'^, 
consists  ,  of  hydrocarlx>ns  together  with  a 
mixture  of  acids  and  phenols  and  much  nn- 
deooinpusfd  cnlojihony.  For  other  cnnstitucnts 
of  resin  oU  .Hc^o  Tilden  (Ber.  13,  1604),  Kelbo 
(Atmalen.  210,  12),  Kellje  and  Lwoff  (Ber.  16. 
:{r>l),  ami  hwotf  (iVjrW.  20.  1020).  Brownsword  and 
Cohen  (J.  Hoc.  Chem.  Ind.  1890,  16),  Tschirch 
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and  Wolff  (Arch.  Pharru.  245,  1),  SchulUe 
(Aimalen,  369,  129).  The  gaaes  evolved  during 
th«  diatOlition  have  been  exandned  by  Schid 

(ibid.  115.  96).  When  the  resin  oil  hriiling  from 
103  -104"  in  allowed  to  stand  in  contact  with 
air  and  water,  a  crystulline  solid,  oolofAonittm 
hydrate  ia  formed,  ha\ing  ilio  composition 
C,oH{,Oa,H,0.  It  molts  at  lUO''  and  sublimes 
with  some  decomposition  (Tichbornf,  IMiarm.  J. 
f  ui.]  1, 302 ;  Anderson,  J.  1869, 787 ;  TUden,  Ber. 
13.  1604).  Aooording  to  Bischoff  and  Nastvogel 
{ibid.  23,.lt)J9),  the  breaking  up  of  colophony  liy 
deetructive  distillation  ia  much  simplor  if  the 
opeiation  be  performed  under  leduoed  pres- 
sure. In  this  case  the  products  are  chiefly  two  : 
one  a  hy  Irocarbon,  CjoH,,,  boiling  at  218''-220° 
(30  mm.),  wliich  is  probably  colophene;  tiie 
other,  a  liquid,  whicli  .'^lowly  solidifies  to  a  mass 
of  microscopic  crj'stuk  having  the  composition 
C^oHj^O,.  This  compound  is,  however,  found 
by  Eosterfield  and  Baglejr  to  be  ordinaij  abiotic 
acid,  melting  at  lOO^-KKt".  The  dittillation  of 
colophony  in  .'•u|»Tlu  iit<'(l  steam  yields  the  same 
products  as  the  distillation  under  reduced 
pressure. 

When  resin  is  distilled  with  lime,  another 
series  of  compounds  is  produced  (Fremy,  Ann. 
Chim.  Phys.  [ii.]  69,  13 ;  Bruylanta,  Ber.  8, 1463 ; 
11,  448).  For  distillation  of  resin  with  sul- 
phur, V.  Currie  (J.  1874,  921),  Kelbe  (Chem. 
Zcntr.  1887.  ir>04),  Ve.st<?rberg  (Ber.  36,  4200)  ; 
for  prodacta  of  the  oxidation  of  nxdn  with  nitric 
aoid,  V.  Sehxeder  (Atmalen,  172,  08)  and  Vogel 
(J.  1869,  785),  and  for  distiiUation  of  colophony 
and  resin  oil  under  pressure^Nv  Kraemer  and 
Spilker  (Ber.  32,  2952,  3014  ;  33,  3265). 

For  methods  of  detecting  the  presence  of 
resin  oil  in  fixed,  volatile  or  mineral  oils,  see 
Storch  (J.  So<-.  Chem.  Ind.  7,  136).  Holdo  {ibid. 
1,  52d ;  9. 419),  MorawBki  (tMd.  672),  Chenevicr 
{Utid.  9.  825),  BandiQ  (J.  Fharro.  Chim.  [v.]  23, 
279),  (iilbert  (Chora.  Zeit.  H,  1128),  Ciittner 
(Zeitsch.  angew.  Chem,  5,  265),  Zune  (Compt. 
rend.  114,  490)^  McTlhiney  (J.  Amer.  Chem.  Soe. 
16,  385),  Klimont  (rh-m.  Zontr.  1895.  i.  563), 
Comette  (L'Orusi.  lU,  'I'H),  lio  Koningh  (Chem. 
News.  77.  287),  Halphen  (J.  Pharm.  Chim.  fvl.] 
16»  478).  Valenta  (Chem.  Zeit.  29.  807). 

K«9!n  is  used  largely  as  an  adulterant.  For 
metliods  for  if.s  detection  and  estimation, 
Beaio  in  Soap :  Semer(Amer.  J.  Pharm.  [iy.]  4, 
363),  Oladdinff  (Amer.  Chem.  J.  3,  416),  neiner 
(,T,  Pharm.  Chim.  [v.]  11,  4341.  Writrht  and 
Thompson  (Chem.  Soc,  Proc.  2,  ITo),  Giittncr 
and  Szilasi  (Chem.  Zeit.  10,  325),  Morawski 
(J.  Soc.  Chem.  Ind.  1888,  891  ;  1889,  592 ; 
Chem.  Zeit.  12,  1321),  Holde  (J.  Soc.  Chem. 
Tnd.  1889,  592),  Tuitohell  {ibid.  1891,  804), 
Lewkowitaeh  {ibid,  12,  503),  Luidin  (Chem.  Zeit. 
81. 86).  Resin  in  Fate :  Gladding  (Amer.  Chem. 
J.  3,  416).  Focke  (Chem.  Zentr.  1886,  44),  Landin 
(Chem.  Zeit.  21,  25),  Holde  (Zeitsch.  angew. 
duem.  15, 650).  Rosin  in  Wax:  Morawskj,Z.c. ; 
Rottger  (Chem.  Zeit.  15,  45).  For  a  nicthml  of 
testing  Colophony,  v.  Dioterich  (iJeit.^«  h.  angcw. 
Chem.  12,  915  )  " 

Oommon  Frankincense  {Gum  Thm ;  French 
Pine  Rfmn  ;  Oalipot,  Fr.).  The  crude  turpen- 
tine which  (  iinf Tflt'-i  on  tlu-  trunks  of  the  Frrti'  li 
pine  trees  was  scraped  oS  and  employed  in  phar-  j 
macy.  The  greater  part  of  the  Oum  Thitv  of 
commerce  is  now,  howeTer»  derived  from  the! 
Vol.  IV.— T. 


American  pine  trees,  Tinus  prdwriris  (MiU.)  and 
Pinus  Taeda  (Linn.).  Tho  French  resin  does 
not  consist  of  abetic  mMi  but  of  a  group  of 
nearly  relatc<l  pimario  acids.  These  have  been 
investigated  bv  Laurent  (Ann.  Chim.  Phys.  [it] 
72,  34 ;  [iii.]  3*2,  459),  Maly  (Annalen,  129,  94; 
132,  253),  Duvemov  (ibid.  148,  143),  8trc(k('r 
{ibid.  150,  131),  Bruylants  (Ber.  11,  448), 
Caillot  (Bull.  8oo.  chim.  [ii.1  21, 387),  Ldebermann 
(Ber.  17.  1884),  HaUer  (ibid.  18,  2105),  Vestor- 
berg  (i7;ii.  18,  3331  ;  19,  2167;  38,  412.''j;  40, 
120),  and  by  Henry  (Chem.  Soc.  Trans.  79, 
1161).  For  investigations  of  the  natural  reabUi 
see  TurpetUine  in  article  on  OLXO-RKsn;s. 

Copal  RteJn.  Copal  is  the  concrete  cxndatcd 
juioe  of  variooa  trees.  It  is  obtained  cither 
directly  from  the  trees  or  as  a  fossil  resin  buried 
in  the  earth  in  their  neighbourhood.  Fossil 
copal  is  a  highly-prized  variety.  Co}jaI  comes 
from  tho  East  Indies,  South  America,  New 
S^aland,  and  both  the  east  anfl  \vet.t  (ou.sts  of 
Africa.  Some  copals  are  soft;  the.se  are  ob- 
tained from  Sumatra,  Java,  Molucca,  the 
Philippiuoa.  and  Australia,  and  they  are  soluble 
in  ether.  The  hard  oopals,  vhioh  do  not  dissolve 
in  ether  until  they  have  tuidergonc  a  eheniicol 
chanprP,  come  by  ^'ay  of  Calcutta  from  Zanzibar 
and  the  African  eoast,  and  by  way  of  Bombay 
from  Ma'iiiL'noenr,  Mauritius,  and  Bourbon. 
Hard  copal  varies  iu  properties  somewhat  with 
the  origm  of  the  different  resins  which  are 
known  by  that  name ;  but  generally  it  is  of  a 
Jight-yellow  or  brown  oolonr.  without  tsst«  or 
smell,  and  has  always  Incn  prized  for  varni'-lu  ?-. 
It  occurs  in  roundish  or  flaitish  pieces,  more  or 
less  trans]iarcnt,  and  breaks  \ritn  a  oonchoidal 
fracture.  The  sp  'sr.  \  nries  from  l-Ol.'  to  1'139. 
but  it  is  ponerully  iietwccii  1*069  and  1'072. 
In  the  eriido  state  hartl  copal  is  insoluble  in 
alcohol,  and  only  jMrtially  soluble  in  ether  or 
oil  of  tnrpentine.  When,  however,  the  crude 
resin  is  hcjited,  pa.'-eri  are  evolved,  and  a  re.sidue 
remains  which  dissolve.*?  readily  in  ether  and  oil 
of  turpentine.  In  making  Tarnishes,  copal  is 
niclti  d  and  heated  sliLditly,  and  hot  torpentino 
slowly  run  into  tlu;  nalud  resin. 

Submitted  to  destructive  distillatirin,  copal 
yieW.««  a  ter7v«no  boiling  at  leO'-ieS*  and  a 
heavier  oxvli  nated  oil  (Schibler,  Annalen,  113, 
:{.■?;»).  Fried  burg  (J.  ADier.  Chem.  Soc.  12,  2H5, 
392)  finds  that  when  copal  is  distilled,  a  terpene. 
probably  limonene,  oomos  over  between  100* 
and  185*,  and  (hat  above  that  tomj>ern(nre  de 
composition  takcii  jilfie*^  until  at  215*  a  dark 
rc.*iiduc  remain.'?.  Wallaoh  and  Rlieindorff 
(Annalen,  271.  308)  find  pinene  and  dif^'ntene 
to  be  pre.sent  in  the  oily  distillate  obtaiiitd  by 
the  <lry  distillation  of  co]ial. 

Jklanilla  copal  ia  exported  from  the  Philippine 
Islands.  Huen  of  the  copal,  however,  which 
eomca  from  the  Philippines  i^  produerd  in  Iho 
iHiteh  I'^ist  Indieis  and  certain  inlands  in  I'olv- 
nesia;  bnt.  in  recent  years,  tli-  froatcr  |>art  of 
the  rcflin  collected  in  the  Dut«  h  Kast  Indict  has 
reached  l4iro|»can  markets  through  .Sinpapore 
it;ii  i.thi  r  p  !"  -  and  ia  known  in  coninierce  as 
'  MiioaKHar,  '  Pontianac,'  or  Singapore  cope), 
'iliese  eopals  are  slmoiit  entirply  obtsined  from 
t].i'  A  /'ttnis  lorauthifoJ  n  fSuli-ii.'i.  TIk  y  have 
iR'cn  invest igateil  by  isciurch  and  Kt»ch  (Arch. 
Pharm.  240.  202)  and  by  Richmond  (Philippine 
J.  SoL  1910  [a]  0^  177)b    Analytical  constants 
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aro  given  by  O^ffiffnicr  (Bull.  Soc.  chim.  [iv.]  3, 
453),  and  tiiu  producta  obtained  by  destructive 
distillation  and  by  oxidation  have  been  mvosti- 
f^ated  by  BrooJn  (Philippine  J.  Soi.  1910  [A]  B, 
203,  219). 

Tho  oopal  obtained  from  South  America  is 
OoUeoted  mainly  from  the  living  tseoes,  Ilumenaea 
Cowhanl  (Linn.),  but  it  is  alflo  found  in  the 

fossil  form.  It  foriiH  the  '  Dciiicnini  animi' 
of  commerce.  (For  de«ohptioa  and  solubiiitieti 
of  Demerara,  Columlnan,  and  BnusUiaai  copals, 
V.  ComLmier  (Bull.  Soc.  chim.  fiii.]  35.  IU3). 

Kuuri  copal  ia  a  fossil  resui  derived  originally 
from  the  kauri  pine.  Dammar  a  austrolis  (I  jamb.). 
It  i»  found  principally  in  Now  Zealand.  Tachirch 
and  NietlersUdt  (Arch.  Pharm,  239,  145)  found 
IQOparts  of  tho  rc-sin  to  contain  :  kauric  acid 
0,AH,gOt,  m.p.  192%  1-5;  a-  and  fi-kaurolic 
oeS*.  CisH^O,.  4S"-0O»;  teiinWie  acid, 
C,7Hj,0„  m.p,  128°-130«,  and  kaurondtc  acid, 
C,,H.40„  m.p.  aC-Sg*.  20-22;  essential  oil, 
12-5  ;  kaurortsene,  12-2;  bitter  Mubetaaoe,  0-5-1 
part4.  The  »olubilities  of  the  commercial 
varieties  in  different  solvents*  are  given  by 
Coffignier  (Hull.  Sue  eliiin.  [iv.]  ">.  289). 

East  African  oopal,  known  in  commeroe  as 
Zanzibar  anime  or  Zansibar  oopal,  in  ooUeoted 
in  Tiritish,  German,  an«l  Portuguese  East  Africa. 
It  iJi  a  fossil  resin  found  chiefly  in  localities  from 
which  copal  tr<M  s  have  now  disappeared. 
Examined  by  Stephan  (.\rch.  Pharm.  2'M,  552), 
Zanzibar  copul  was  found  to  contain  two  iso- 
meric clibasic  hydroxy  acids,  CjjHg.O^,  trachylo- 
lie  acidt  m.p.  165%  fluid  isotracht/lolic  acidf  m.p. 
106*-l<y7*,  the  former  differing  from  the  latter 
l>y  iKMnc  ])njcipitated  from  akohulic  solution  by 
load  acetate.  iVoreeenea  were  also  fuund  to  be 
preMQt,  tt-eopt^nten^  m.p.  75*~77°,  soluble  in 
ether,  and  fi-copalresene,  inH(>\u\>\i'  in  ether  and 
decomposing  at  140*  without  nielting.  The 
resin  contains  80  p.e.  of  trachyloUo  acid,  4  p.c. 
of  the  isomeride  and  6  p.o.  of  tlie  reaenei. 

West  African  copals  are  of  Ytnty  yariable 
quality.  th<»  Inv-f  sorts  bcint^  fossil  or  scnu-foswil 
whibt  the  medium  and  poorest  qualities?  are 
procured  from  living  trees.  The  beat  West 
African  ropalH.  at  the  prcTnt  fifty,  are  those 
from  Angola,  Benguela,  mid  ihv  L<>ngo,  Sierra 
Leone  and  Accra  copnU  are  of  nie<liam  qualitv, 
and  2%er  oopal  is  the  poorest.  Inquiries  mado 
during  the  last  few  years  in  the  British  West 
African  Colonics  Iciivt'  little  ilouhl  that  Sifrra 
Jx-Hjiie  cupttl  is  obtamcd  from  Copaifera  O'utlfour- 
tiana  (Benth.),  Gold  Coast  or  Aoera  oopal  from 
Ci/anothtfrstiJi  Og(a  (Harms.),  nnd  Niger  eopn! 
from  Dan idla  cfilonga  (Oliwr)  {Imp.  Inst.  R<'j). 
No.  63.  171).  Fur  invi^stisration  of  Ki.ssel  copal. 
V.  Coffignier  (Bull.  Soc.  chim.  [iii.l  33,  1«») ; 
Cameroon  oopal,  Coflignier  (I.e.) :  Tachirch  and 
Rftchwitx  .f  An  h.  I'liami.  iMo.  11');  Accra 
copal,  t'ollignier  {i.e.);  Kuhan  (.Vrch.  Pharm. 
248.  443) :  Angola  copal,  Tschirch  and  Raokwitz 
{I.e.),  CV)fligni.  t  fBiiU,  Soc.  chim.  [iv.]  i.  1131); 
B<>nin  copnl.  Kahitn  (.Arch.  Phnrm.  248.  433) : 
Benguela  and  Gonno  copals,  CofiiLtiiii  (Ball. 
Soc.  chim.  [iv.]  i.'im):  Engel  (Aruh.  Pharm. 
246,  293) :  co]>als  from  Nigeria  and  the  Gambia 
(Imp.  l!ir,t.  R.  p.  No.  (5.1,  17«i):  T^oaiii:-  copal, 
Willner  (Arch.  I'harm.  248,  265) ;  .Sierra  Leone 
copal.  Cbffignier  (Bull,  Soc.  chim.  [iv.]  i.  U81K 
Engel  (I.e.).  Wilbicr  f  \re!i.  Pharm.  248,  285). 

The   acid  and  saponitication  numbers  of 


scvcrnl  varieties  of  copals  are  given  hy  Li]  ;  ■  rf 
and  lieisaiger  (Zeit^ch.  angew.  Chcm.  iUOO, 
1047) ;  WOTstall  (J.  Araer.  Oiem.  Soc.  25,  MO). 

Dammara  Resin  (Eatt  Indian  Dammara 
Jiejtin :  Dammar  Puti).  The  dammar  resins 
are  obtained  from  species  of  Uopta,  Short  a.  and 
BalanoearpuM,  mainly  in  the  Jfederated  Malay 
States,  Sumatra,  and  other  Dutch  East  Indian 
Islands.  .SiuhII  quantities  of  datnnmr-!ike  resins 
are  obtained  in  India,  but  so  far  as  European 
comneroe  is  conoemed  these  are  of  no  im- 
pnrtanrr  (Imp.  Inst.  Rep.  No.  03,  1S2).  The 
roiiiu  exuties  and  dries  on  the  trees  in  lumps  of 
various  shapes  and  ffitvs,  and  is  ooUecled.  It  ia 
partially  soluble  in  alcohol,  more  ao  in  ether, 
and  almost  completely  in  fixed  and  volatile  oils. 
It  1.S  entirely  soluble  in  ^.ulphnric  ncid.  The 
resin  has  be«i  examined  by  IJulk  (J.  ra.  Chem. 
[i.]  45, 16);  Sehxetter  (Fogg.  Ann.  0^,72);  Graf 


(Areh.  Pharm.  liii.]  27,  07);  Qlimmaon  (iWtf. 

m.  r.s4). 

When  crude  dammar  is  treated  with  weak 
alcohol,  a  portion,  about  one-third,  diEfoIves  : 
this  ia  the  a-resin  or  hydrated  dammarplic  acid 
of  l)iilk.  From  the  residue,  absolute  alcohol 
extracts  the  fi-ntin  or  anhydrous  damttuuylic 
acid.  By  treatment  of  the  residue  with  etner. 
according  to  Dulk,  a  hyd.-ocarbon  dnmmnnjl 
CigH^,  is  dissolved.  Dammaryl  is  a  ta«teles«i. 
inodorous  powder  which  softens  at  145**  and 
melts  at  190**.  When  it,  i^  rxpfised  to  the  air  it 
undergoes  oxidation  until  a  substance  is  formed 
having  the  composition  of  the  original  rci«in. 
Graf,  however^  denies  the  presence  of  thia 
hydrocarbon.  Olimmann  finds  the  resin  to 
1  oiisist  of  dammarclic  acid,  a  diliasie  ai  i-I 
^•s«H,„0,,  23  p.c;  a-daminar-resene  C,,I1,,(>, 
m.p.  65**,  40  p.c. :  /BHimmnar>f«ssiie,  m.p,  200°, 
22-5  p.c.  The  /3-dammar-rr?cnc  consists  of  the 
portion  of  the  crude  renin  which  is  insoluble  in 
absolute  alcohol.  The  ethereal  oil  obtained  bv 
ilistilling  the  resin  with  steam  boils  at  82". 
(For  description  and  analytical  result*  of 
different  varieties  of  <laiiunar,  r.  Imp.  Inst.  Rep. 
No.  63.  182;  DieUrteh  (Pharm.  Centb.  40, 
453;  Coffignier  (Bull.  Soc.  chim.  [iy.)  9,  640), 
An<l  for  cletcction  of  colophony  in  flammnr 
rcsiu,  Hirsfhsohn  (Zeitei^h.  anal.  Cheiu.  Ii7,  4a(i). 

Dragon's  Blood  Resin.  •  Beaina  Draconis 
(&ingdragoH,  Fr.t  Draehenblut,  Ger.).  The 
name  *  dragon's  blood  *  has  been  employed  from 
ancient  times  to  designate-  \  arIoUs  re<l  resinoii.s 
exudations,  but  it  is  ohicfl.y  applied  now  to  the 
orimson*Ted  resin  which  exudes  and  dries  on  tho 
frnitH  of  the  rotAnv  or  rattan  pnlm,  Calamw 
t/n«*o(\Villdcnow),  ot  the  F.ast  ImUe*.  The  drug 
apfiears  in  commerce  fcT  tlie  most  part  in  two 
forms — ^the  one  consisting  of  t>tick«)  of  resin 
MTapjicd  in  palm  leave*,  the  rird  dragotCit 
blood:  the  other,  the  l)(ini>  drngoiCs  blood,  being 
blocks  or  imgular  i>hapi>d  masses  (Fluolc.  a. 
Hanb.  673).  Siagon's  blood  has  a  sweetish, 
somewhat  acrid  t^iste,  and  melts  at  about  120°, 
when  it  i.s  said  to  evolve  benzoic  acid.  It  dis- 
solves in  a[i:ohfjl.  l>enzene,  chloroform,  carbon 
di.sul|ihide,  glacial  acetic  acid,  and  caustic  soda. 
In  light  i^'troleum  it  is  insohible.  and  it  dj.«(!»olves 
but  ."I'lr iij''ly  in  oil  of  tnr|)enline  or  <  tlu  r.  It 
is  employed  as  »  colouring  agent  in  pharmacy, 
and  fbr  varnishes. 

.AmnriL*-  nflH  r  re-in}^  to  v.hidi  tlie  name 
dragon'e  blood  has  been  given  arc :  Hocoinne 
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Dragemk*  Blood,  obtained  from  trees  of  the  mnus 

DraccT^na  in  the  islan<l  of  Socotra  (B/iTfonr, 
Fbarm.  J.  [iii.")  J  4, 372) ;  Catuirij  Islands  Dragon  a 
Blood,  derived  from  Dracana  Draco  (Linn.); 
md  We«t  Indian  Dragon's  Blood,  which  »  J>ro- 
dtioed  by  Pt^rocaffmi  Draco  (Liun.) ;  axid  Civton 
Draco  (S<hlecht)  (v.  Fliiuk.  a.  Hanb.).  Ac- 
cording to  Dobbie  Mid  Henderson  (FhArm.  J. 
[iii.]  14,  361),  who  examined  •  large  number  of 
«pccimen«  tho  dragon's  blood  of  commerce  con- 
si»la  of  four  distinct  pro<luct«.  The  CcUamwi, 
or  Baa(  Indian  leein,  agreed  with  the  characters 
given  above,  e»Mfi  that  it  was  freely  soluble  in 
other. 

The  dragon's  blood  imported  in  the  form  of 
sticks  has  been  examined  by  Dieterioh  (Arch. 
Phann.  234,  401).  It  melted  at  TO".   If  the 

crude  resin  iii  extracted  with  <  thcr.  find  Jilcohol 
added  to  the  extract,  dracoalhan  <  114,04  is 
precipitated.  It  in  a  white  nuiurplioiis  pomler 
which  swiftens  at  192*-193**  and  decomposes 
above  200*.  On  evaporation  of  the  solution 
after  removal  of  thi-  jincipitntc  and  extract  ion 
nf  the  residue  with  light  petroleum,  dmconsemt 
(\,4H4«Ox.  a  bright  yelfoir  amorphous  reein, 
m.p.  74*.  is  obtained.  The  jKirtinn  insoluble  in 
light  petroleum  ia  a  mixture  uf  pure  renins  of  a 
red  colour — ^thc  dracorrsinolannol  salts  of 
benzoic  and  li<;n7X)ylaeetic  acids.  The  red  resin 
consists  mainly  of  dracoresinotannol  henzoate. 
On  hydrolysis,  dracioresinotannol,  (!<H^()  ()}I  is 
obtained  as  a  bright  browu  amorphous  powder 
vrhUAi  softmw  at  1€0*-108*  and  then  deoompoees 
without  melting  :  IS-4  p.c.  of  plant mmaitts and 
8  3  p.o.  of  ash  were  also  present. 

Blyth  and  Hofmann  (Chem.  Soe.  Trans.  2, 
334)  found  toluono  and  styreno  amon;r  tlie 
)  >roducts  of  the  destructive  distillation  of  dragun'a 
Itlood  (c/.  Gl6nard  and  Boudault,  Cbmpt.  rend. 
17,  503  i  19,  fiOSJ.  When  fused  with  potash 
the  renin  yielda  bemBoie  and  ^•hydroxybenisoio 
acids  and  j>h!orOBluoinol  (Triisiwetz  and  TJarth, 
Anoalcn,  134,  283) ;  distdied  with  zinc-du.st, 
atyrene,  toluene.  an<l  other  prtidticts  (Botwch, 
l^tonatsh.  1,  0O9),  an<I  bv  th<'  action  of  nitric 
iMiid.  oxalic  and  nitrolxMizuie  aeids  iBIumenau, 
Annalen,  67,  127). 

Ergot  of  Rys  ReikOU  Eijgot  contains  a  resin, 
to  wduch  at  one  time  its  activity  was  thought  to 
be  due  (p.  EB(i  T 

Euealyptus  Resin.  Obtained  from  the  U'avoi< 
of  Euealypiut  Qlobulnt  (Labill.).  It  is  coloured 
carmine-ied  by  sulphario  acid  (Hartzor,  Ber.  9, 
314). 

Ftmil  Resins.  Amim,  SneciniUf  Bermtein. 
A  bard,  gcnerallv  yellow  or  orange  leein  thrown 
up  by  the  sea,  along  the  Baltic  coast,  especially 

in  Prussia,  and  in  smaller  quantities  through  out 
the  world  (v.  Bose*  Annalen.  28,  339).  Amber 
\»  taetekss  and  brittle,  and  admita  of  a  fine 

pnli.-h.  It  is  much  used  as  an  ornammt.  It 
bccon)<  -i  ni'tratively  electric  by  Iriclioa.  Tlie 
»p-;ir.  of  amber  varies  from  1-05  to  I-IO,  and  it 
rank-s  2  to  2*5  in  tho  scale  of  hardne^x.  There 
can  Ix!  no  doubt  that  amber  is  the  fossil  resin  of 
extinct  conifer*  (Giippert,  ibid.  21.  71).  The 
ohamoter  of  the  iuaeots  which  it  includes,  and 
which  often  render  it  very  beaatiful,  are  an 
evidence  in  support  (>[  this  virw. 

Amber  contaiii.s  (^24  Ut  U-4»  p.c.  of  Nulphiir 
(Baudriraont,  J.  1864,  538).  When  heat  is 
afipUed  to  it  there  ia  evolved,  in  tho  first  place, 


succinic  aoid,  water,  oil,  and  combustible  gases  ; 
till'  residue  is  then  soluble  in  alcohol  and  oil  of 
turpentine.  A  further  application  of  heat 
brings  over  a  colourless  oil,  oil  of  anHbeTf  which, 
wheu  tho  distillation  is  well  managed,  amounts 
to  28  p.0.  of  the  original  resin.  Finally,  when 
the  temperature  rises  at  the  close  of  the  ojk  ra- 
tion, a  yellow  wax  condenses.  Oil  of  amlx>r  is  a 
mixture  of  several  hydrocarbons.  The  lighter 
portion  is  colnured  blue  by  hydrochloric  acid, 
and  decompoiiod  by  .•iulpliuric  acid,  whilst  the 
heavier  portion  is  unacte<l  on  bv  the,<e  reagents. 

Tschirch  and  Aweng  (Arch.  Pharm.  232,  060) 
find  that  the  portion  of  succinite  soluble  in 
alcohol  consists  principally  of  auccinodhietic  acid 
Qo1^imO«,  with  a  small  inoportiou  of  the 
bomyl  ester  of  this  acid  and  some  sulphur.  The 

jKjrtion  (70  p.c.)  of  succinite  insnluble  in  alcohol 
IS  almost  entirely  compojicd  of  the  succinatf!  of 
a  resin  alcohol  succinoresinol.  Succinoabictio 
acid  is  crj'stalUne  and  melts  at  148*,  and  when 
fused  with  potash  it  yields  succinic  acid. 
Succinore.sinol  is  a  white  amorphous  powder 
soluble  in  a  mixture  of  alcohol  and  ether  and 
melting  at  275^ 

Amber  was  formerly  much  esteemed  in  medi- 
cine ;  but  it  is  now  used  chiefly  as  an  ornament, 
.v>mutime«  for  photographic  and  tine  vamwhes^ 
and  in  the  mariTifaeture  of  artificial  silk. 

Ambrite.  The  lignite  formation  in  Auck- 
land. New  Zealand,  furnishes  this  resin  in  largo 
lumus.  It  is  brittle,  seml-transiiarent,  and  of 
a  yellowish-grey  oolottr.  Its  sp.gr.  is  1-034,  and 
its  hardness  2.  It  is  insoluble  m  most  solvent.^, 
but  dissolves  partly  in  carbon  disulpbide.  It 
contains  0*59  p.c.  moisture  and  0*1&  p.e.  aeb. 
riie  flricd  ash-free  re.sin  contains  C  SO-05  p.c.  ; 
II  i)  87  p.c.;  O  UlS  p.c.  (Bedson,  Trans.  Fed. 
Inst.  Mining  Eng.  16,  338). 

Ant/uroMeeent,  This  resin  ia  found  between 
the  ooal  strata  near  SchUra  in  Bohemia.  When 
seen  in  mas.-»  it  In  broMTiish-black  in  colour, 
but  in  thiu  layers  is  hyacinth  red.  It  is  brittle 
and  swells  when  heated.  Acooiding  to  Laurents 
anthracoxene  i.s  a  mixture  of  several  resins  fSitz. 
Ber.  K.  Akad.  \\  ien.  21,  271  ;  J.  pr.  Chem.  li.J 
69,  428). 

At^^ialL  This  aubetanoe,  found  in  various 
parts  of  the  world,  is  probably  the  result  of  the 
decompoaition  of  vegetable  matter,  and  ifl  eUwely 
allied  to  petroleum.    V.  A-SPHALT. 

Berwffd^t  Bertngda  rtrin.  A  bituminous 
resinous  mineral  founfl  in  Peru.  It  is  used  for 
caulking  ships.  It  ha^  a  dark-bruwn  colour  and 
i.H  soluble  in  alcohol  or  ether,  and  melts  beloW 
100"  (Johnston,  Phil.  Mag.  [iii.]  14,  87). 

Bolorctin.  Derived  from  tho  fo8.«iil  fir  wood 
foini'i  in  the  I'ani^b  p>'  at  Iki^'s.  If  is  Holuble  in 
ether  but  not  in  cold  alcohol,  and  melts  at  76" 
to  79*  (Porehhammer.  Annalen,  41, 44 ;  Kr&mer, 
Arch.  Phftrm.  fii.l  27,  73). 

BrmUrorl  Mesitk,  Vurijn  amhrr.  'J'hi.H  fos.«iI 
reein  resembles  krantzite  an«l  diflers  from  amber 
in  nut  eontaininir  succinic  acid  (Spirgatis,  J. 
1871.  1188:  1872.  1146). 

liuaimmanga  Itrtin.  Bou.»4,sinKauIt  examined 
this  resin  (Anu.  Chim.  Phya.  fiii.]  ^  &07).  It 
comes  from  Bnearsmanga  in  New  Granada.  In 
upp'  ir.oio'  it  i<  <  I nbleg  amber,  but  it  does  not 

coiitHiii  fuieiiuc  acid. 

Butmitc.  A  bcmi- transparent  renin  found 
near  Maingidiwan,  in  the  Hukoog  valley  (Helm, 
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RoooFfJs  Oeol.  Survey  Iiulin.  26, 180;  21,  0^  9; 
Schriftin  GcB.  Danzig.  8.  03). 

Cedartte,  Chemauliiit".  An  amber-Iiko  rcsm 
found  on  the  shore  of  Cedar  I^ke  near  the  mouth 
of  the  North  Saskatchewan.  It  occurs  as  iso- 
late<l  f/raiiis  rarely  as  largo  as  a  pea  and  never 
larger  than  a  walnut  (Haniiigton,  Amer.  J.  Sci. 
24.  332 :  Ktebs.  Jahrb.  Min.  1898,  fi.  212). 

Copalin.  ffi(/fi'jntr  rroin.  The  bine  clay  of 
Highgat<>  Uiii  cuatains  rouadish  lumps  of  thb 
fossil  resin.  It  vnna  stadied  by  Johnston  (Phil. 
Alag.  [iii.]  14,  87)  and  Bostiok  (PJuwin.  «T.  8, 
339).    It  resembles  copal. 

Euosmite.  An  nroinatir  rosiii  fiuiinl  in  the 
lignito  of  TbuxQsenreuth  in  Bavaria.  It  consists 
of  browniih  yellow  palTWulent  nuuseB  or  lamps. 

Ordnnite.  A  resin  found  with  succinite  on 
the  Hiiltio  coast.  It  closely  resembles  succinite 
hut  nu'lt.s  !\t  a  lower  temperature,  and  contains 
U'SH  suljiliiir  (Helm,  Schrif(«>n  Oes.  Danzig,  4. 
2io.  3,  214;  Arch.  Pharm.  233,  191  ;  Tschirch 
and  Aweng,  ibid.  232,  660). 

OUatUe.   A  resin  found  with  sedanite  and 
Sttoeinite.  It  has  ohamoteriBtie  ■pherioal 
scopic  cell-like  forms  (Helm,  Schrift*  ii  Oes. 
Danzig,  5,  No.  1-2,  291  ;  Tschirch  and  Aweng. 
Arch.  Phorm.  232,  660). 

Ounyaquilltte.  From  rfunyaquil  in  South 
Amunca  (Johnston,  Thil.  Mag.  [iii.]  13,  329). 

Hartin.  A  white,  inodorous,  and  tasteless 
reein  found  in  the  lignite  of  Oberhart.  Ati>fr;a. 
It  is  said  to  haw  the  composition  C'jJJi-O 
(Schrotter.  Pogg.  Ann.  51.  A'^), 

Hariite.  Another  rrsiii  found  in  the  same 
plaoeaa  hortln.  According  to  Schrotter  (»6i</.  54, 
46),  it  consiFt^'  of  n  hydrocarbon  of  the  formula 
C^Hj.  Hartitc  lias  al.<io  boon  investigated  by 
It>ii>iiM!."  r  {ihid.  M,  201),  and  by  Bumpf  (J.  pr. 
Chera.  ri.]  107,  189). 

Ixolite.  Occurs  together  with  harttto  (Hai- 
dinL'cr,  PoL't'.  Ann.  345). 

Jaulimite.  h'rom  Jaulins  in  Austria  (Ragsbv, 
Sitz.  Ber.'K.  Akad.  Wien.  18,  366). 

Kr<intzitr.  This  is  a  variety  of  retinito 
(Jitr«*!ijmiin,  J.  pr.  Chcm.  fi.]  76,  65). 

MiddUtonile.  The  coal  seams  near  I^eeds 
and  at  Newcastle  contain  this  resin.  It  was 
analysed  by  Johnston  (Phil.  Mag.  [iii.]  12,261). 
Two  siiiiilMr  fossil  ri'siiis  fouti<i  in  t!w  coa! 
measures  wore  examined  by  Macadam  (Chem. 
News.  69,  1). 

Piaiaitf.  An  earthy  resin  exnminf^d  by 
liaulmger  (Pogg.  Ann.  42,  275).  Hardness  1-0. 
gp.gr.  1-22.  and  m.p.  816*. 

Pt/roretin.  A  brown  r^in  from  the  lignite 
of  Sales),  near  Aussig  in  Bohemia  (Stanrk,  Sit/. 
Ber.  K.  Akad.  Wien.  12,  661). 

Eetin  Aaphall.  Tim  is  a  yellow- brown 
earthy-looking  resin,  the  ap-gr.  of  wliich  varies 
from  1-07  to"l'3.^.  Thai  from  fli''  Ii'_'nifo  of 
liuvev  111  L>tiVoii£»hii'e  \viit>  vxaimnvd  by  iiatchett 
(Phil.'  Trans.  1904,  404)  and  later  by  Johnston 
{»6*d.  1840t  347).  Johnston  found  it  to  consist 
of  13*23  p.c.  inineral  matter,  27-45  p.c  resin 
insoluble  in  alcohol  and  ."Ti  iJ3  .  resin  soluble 
in  alcohol.  The  resui  soluble  in  alcohol  gave 
the  formula  CioHbiO,,.  and  xnm  called  by  John* 
ston  rrtivic  acid.  Other  variitirs  of  ret  in  i 
asphalt  occur  in  the  neighlxuirhood  of  Halle  in  | 
(Jernifiny  (Bueholz,  Schw.  J.  1,  290)  and  near 
Cape  Sable  in  the  United  States. 

SeUniU»  WakhovUe,  This  resin,  of  which 


thrrc  are  sorrral  variMioi.  occurs  in  the  coal 
mines  of  VV'alchow  in  Moravia  (iichrotter,  Pogg. 
Ann.  59,  61 ;  Cerutti,  Arch.  Pharm.  f  ii.]  22,  286), 
Retinito  from  Thessaly, «.  Zengelis  (Chem.  2^tr. 
1901,  ii.  833). 

Schleretiniie.  Obtained  from  the  coal  mines 
of  Wigan  (Mallet,  Phil.  Jlag.  [iv.]  4, 261). 

TamMnile.  The  alumJnons  roohs  along  the 
Mfrsty  river  in  Tasmania  yit  l'l  smal!  sralcs  or 
phiUs  of  this  resin.  It  contains  sulphur,  and, 
according  to  Church  (Phil.  Mag.  [iv.]  28»  468), 
has  the  formula  C^oH^.OjS. 

Vol  d'  Arno  Superiore  Resin.  This  fossil  resin, 
called  by  the  peasantry  '  terra  cho  brucia,'  closely 
resembles  the  Weiasenfel!^  n^sins.  Alcohol 
separates  it  into  a-restn  <  \nl<«iOA,  melting  at 
76°-90**.  and  B  reitin  C^Jls.O..  which  melts 
above  120°  (tJuiin  sehi,  Oimcutu,  5,  175). 

Xyloretin.  A  crystalline  resin  haTing  the 
formula  CjqH,,0  founil  in  the  fossil  pine  trunks 
of  the  Danish  peat-bogs.  It  iti  insoluble  in 
water,  soluble  in  alcohol,  and  melts  at  165°. 
Heated  with  potassium  it  gives  a  metoUto  deri> 
vative,  with  bberation  of  hvdrogcn  (Forohliam« 
mer,  Annalen,  41,  42;  Sehiotter,  Fogg.  Ann. 
59,  64). 

Resim  of  WeissmfeU  Lignite.  A  series  of 
resinous  substances  luuc  l»r«'n  isolated  from  flie 
products  of  distillation  uf  tJiis  Ugiiilf.  They 
have  been  investigated  by  Briiokner  (J.  pr. 
Chcm.  [i.]  57, 1 )  and  Waokeon>der(  Arch.  Phorm. 
[ii.]  60,  23).  For  other  fossil  resins,  v.  Dana 
.Min.  raIo(/y,  dlh  ("d..  1002. 

Gualacnm  Resin.    Resina  guaiaci.  (Ri'sinc 

\  de  Odiae^  Fr. ;  QuauMart,  Oer.).  Two  West 
Indian  Ppeoies  of  guaiacum  trre,  C  officinale 

I  (Linn.)  and  O.  snnrtum  (Linn.),  viild  the  resin, 

!  Fluck.   a.  Hanb.  100;  Bent  1.  a.    Trim.  41). 

:  It  is  obtained  partly  as  a  natural  exudation, 

I  partly  by  means  of  incisions,  and  in  some  places 
thr  trees  are  cut  down  and  the  trunks  set  on  firo 
at  each  end,  when  the  warm  resin  exudes  freely 
from  incisions  made  in  the  middle.  In  com* 
mercc  guaiacum  resin  npprnrs  in  'tears  '  or  in 
masses.    It  is  brittle,  and,  althoUL'h  at  first  of 

■  a  reddish  colour,  becomes  giernish  by  super- 
gcial oxidation  (v.  BobifffAnualen,  111,  372).  It 
has  A  faint  babamie  odour,  althontrh  it  oontains 
no  iH-nzoic  or  cinnamic  acid.  Tho  sji.i^r.  is 
1-20  and  it  molts  at  85",  when  the  balaamio 
odour  is  more  marked.  The  resin  is  soluble  in 
aleoh(pl.  ether,  acetone,  chloroform,  and  in 
caustic  alkalis;  but  in  I  euzene  or  caibon  di< 
sulphide  it  only  dissolves  ]>artially.  Solution  of 
ptmiaoum  resin  in  alcohol  is  a  very  sensitive 
re  igi  rit  for  oxidising  agents.  Feme  chloride, 
for  inst.'ULi  e,  strike.s  wjih  such  a  solution  a  dark- 
blue  colour.  deducing  agents  discharae  the 
oclour.  which  rcapijcars  on  oxidation  (v.  6ob5n< 
bein.Zeitsch.anal.  fliem.  8,67  ;  J.pr.Chem.  [i.] 
102.  164  ;  Schatr,  Ztitsch.  annl,  Chem.  9.  43(» ; 
Schonn,  ibid.  9,  210).  Aoc-.rtltng  to  Kowa- 
lewsky  (Chem.  Zentr.  1889,  210),  the  action  of 
ozone  on  the  reshfi  gives  rise,  not  simply-  to  a 
blue  1  olduied  product,  but  to  n  series  of  colours 
of  which  blue  is  about  the  middie  member. 
This  observer  notioee  that  the  presence  of 
moisture  is  necessary,  ozone  giving  no  colour 
with  dry  puaiticum  (v.  Hager,  Z<:itsch.  anal. 
Chem.  20.  261).  The  solution  is  not  colourt><l 
blue  by  hydrogen  pi^roxide,  a  reaction  whicli 

serves  to  didtinguish  that  oomxxjund  from  ozouc. 
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In  pcMenc«  of  such  a  ralMteiMe  as  Uood, 

however,  tho  blue  colour  appears.  If  a  spot  of 
blood  bo  moistened  with  freshly  prepared 
alcoholic  solution  of  the  inner  unoxidisod 
portions  of  guaiacum  resin,  and  then  with  an 
ethereal  somion  of  hydrogen  peroiJde,  a  blue 
C(il<,\jr  produced  which  can  often  J>c  made 
more  evident  by  transference  to  \\hitc  blotting 
paper.  ThiapN)|Mrtyof guaiacum  i^^ occasionally 
fMOrte<I  to  ns  n  means  of  ithnlijyiug  blood  stain.", 
F^lrther  iuvcijligatioua  bavu  been  mado  on  tho 
nature  and  formation  of  guaiacum  bluo  by 
Boeboer  (Anh,  Pham.  2?A,  014);  Schaer 
{Vetli.  Natnr.  Get.  Basel,  13,  287} ;  Petit  and 
Mayer  (Compt.  rend.  141,  193);  Neumann- 
Wender  (Chcui.  Zeivtr.  1905,  i.  122);  Carlson 
(Zeitaoh.  phyaioL  Chen.  65,  260).  For  mcthmis 
of  tcMting  guaiacum  nsin,  r.  Hager  (Zeitsch. 
anal.  Chem.  26,  2t>l),  and  fur  detection  of 
oolophony,  Uiraohsohn  {ibid.  37,  456). 

Crude  opuaincniin  resin  heated  with  nn  alco- 
holic solution  of  c^iustic  potash  yields  a  »uli  of 
guaiaretic  acid  CjoHjfO^,  which  falls  to  the 
bottom  of  the  vecHiel  in  a  crystalline  form  (Un- 
rerdorben,  Pogg.  Ann.  16,  369).  The  free  aeid 
constitutes  lu  [I.e.  vl  i^'uaiacuni  roin.  It  is  in- 
soluble iu  Avatcr,  but  m  «iuluble  m  alcohol,  ether, 
and  moat  solvents.  It  melts  at  86^  Guaiaretic 
acid  is  not  coloured  blue  In-  oxidising  agents. 
It  yii-ld-i  IV  diacetyl  and  a  IhuzovI  derivative 
(Herzig  and  Schiff,  Ber.  30,  378;  Monatsh.  18, 
714).  If  the  alooholio  moU^-liauor  from  the 
potasslnm  gnaiaretate  be  treated  with  h3rdro- 
fhloric  acid  a  licavy  aniorphou.s  pneipitate  falls, 
which  after  washing,  yields  to  ether  tho  a-rcsin 
or  gnaiaeonie  acid.  This  oonstitutes  70  p.o.  of 
the  crude  resin.  It  was  isolated  by  HadeUch 
(J.  pr.  Chem.  [i.]  87,  321).  atul  also  studied  by 
Docbner  and  Liickir  (Anh.  Fliarm.  234,  500). 
After  treatment  of  tho  hydrochloric  acid  pre- 
cipitate with  ether,  there  remains  a  residue 
ariKmntiiiL'  to  al'uut  lO  p.*.  of  the  original 
rosin.  Tim  is  tho  0-rc$in.  It  is  .solubFo  in 
alcohol  and  aoetio  aoiid»  hat  insoluble  in  ether, 
bri.r^nc,  chloroform,  and  carbon  disiiliihide. 
Besides  a  little  gum  and  mineral  matter  two 
other  constituents  have  >>een  found  in  small 
quantity  in  guaiacum.  One  of  these  is  guaiacic 
acid  CjjHjgO,.  which  occurs  only  in  traces  in 
the  resin  but  in  much  larger  jirnportiou  in 
guaiaoom  wood  (Thierry,  J.  rharm.  Chim. 
27.  361).  It  forms  colourless  needles  which 
snhlimn  nnrh.nnged  and  are  soluMr  in  water 
and  alcohol.  The  other  sulwtancw  is  a.  culour- 
ing  matter  guaiacum  yrllou;  first  noticetl  by 
Pelletier  and  obtained  by  Hadtlich  in  i>alf 
yellow  octahedral  crystals,  CjoHjoO.,  m.p.  llo" 
(D.  and  L.).  It  is  a  weak  acid,  and  dis- 
solves in  sulphorio  acid  with  a  transient  bluo 
colour. 

Guaiaconic  acid  was  isolated  fmni  L'lai  u  uni 
resin  by  Kiohter  (Arch.  Pharm.  244,  iK)},  who 
extracted  the  resin  with  boiling  bemsme  and 
preci^?tatcd  the  rtmeentrated  extract  with  light 
petroleum.  The  precuntatt!  wa.s  then  extracted 
with  ethnr  to  which  ohb^roform  was  added  as  the 
extraction  progres-sed  :  this  extract  wan  then 
a<ldptl  to  light  petroleum  which  pr»'eipitat<  <l  the 
guaiaconic  acid.  Tliis  wa.*<  dissolved  in  benzene 
from  ^vhich  solution  $-guaiaconicacidtCti\lnO^, 
cr>.sulljsed  in  small  rhombohcdia.  It  melts 
at  127"»  forma  a  dibenxyol  derivative,  m.pL  138*, 


is  insoluble  in  aoueous  alkali  hydroxides  and  is 
not  changed  to  blue  by  oxidising  agents.  The 
benzene  mother-liquor  contained  o-  guaiacmic 
acid  C,jH„0,,or  C^jH^^O,.  which  was  obtained 
as  a  light  powder  by  evaporating  the  mother- 
liquor  and  dissolving'  the  reaidttetn  a  mixture  of 
ether  and  chloroform  and  precipi"  itir.'-  bv 
pouring  into  light  petroleum.  It  ucUs  ut  73  , 
forming  a  green  liquid  which  becomes  brown  at 
101°,  forms  a  tribenzoyl  derivative,  m.p.  133**- 
13i>°,and  is  insoluble  inaqucuui>  alkalis.  Under 
the  influenoe  of  oxidising  agents,  or  exposed  to 
the  air,  ••guaiaconic  acid  changes  to  a  blue 
substance. 

The'  products  of  the  destructive  distillation 
of  guaiacum  are  very  interesting.  The  lighter 
portions  contain  guaiacene,  guaim,  or  tiglic  olds* 
hyde  CH,CH:C(CH,)COH  (Deville,  Compt. 
rend.  17.  1143  ;  10,  134  ;  Volckel,  Annalen,  89, 
846).  A  inong  the  heavier  products  are  goaiaool 
oreoaol  and  pyroguaiacin.  Ovautcol 

C,H,(OCH,)OH[I:L'] 

is  the  monomethyl  ether  of  orthodihydioxy* 
benzcno  or  catechol.    This  aromatic  oil,  which 

boils  at  200*,  i.s  readil\  prepared  from  catethol 
and  potassium  methyl  ^$uIphate  (Gorup,  ibid.  147, 
248).  Crewml  C,H,((m,)(OCH,,)OHLl:3:41is*he 
monomethyl  ether  of  hf>nieirateelioI  (Hlasiwctz, 
Annalen,  iuli,  339).  It  t6  a  faintly  aromatic 
smelling  oil,  which  boils  at  220**.  and  may  be 

firopared  by  distilling  homovanillic  acid  with 
ime  ('Bemann  and  Nagai,  Ber.  10,  206).  Pyro- 
[iiKiiactii  cunden'-e.s  towards  the  close  of  the  dih> 
tillation  in  pearly  crystals.  It  was  investigated 
by  Pelletier  and  I)e^lle  (Oompt.iend.  17. 1143), 
Ebermayer(J.pr.  Chem.[i.l  112.  201 ).  Nnchlaiier 
(Annalen,  106,  382)  and  Hl!i.si\ula  (tbtd.  1U6, 
'381  :  112,  182).  According  to  W  ieser  (Monatsh. 
1,  695),  it  has  tlio  formuhi  C,gH,,0„  Avhilst 
Herzig  and  .Stbitf  (ibid.  19.  95)  give  C,,H,,0.. 
Tho  crystols  melt  at  180-5*,  l>oil  at  258"'  {m- 
90  mm.),  are  nearly  in^olublo  in  water  and 
alcohol,  and  only  gpariisirly  soluble  in  ether. 
When  pyrn-juaiaein  i.s  distilled  with  zinc- 
dust  it  yields  the  hydrocarbon  gvaune  C.|H|g 
in  th<  form  of  brilliant  plates  which  melt  at 
97o_9s='  jiiid  possess  a  faint  blue  fluore^rmce. 
Wieser  obtained  two  other  compounds  fruui 
pyrtiguaiacin :  the  one  by  oxidation  in  acetic 
acid  solution,  which  gaveyttaiene-^tfloiifyhaving 
the  formula  C,  jHioOj ;  and  the  other  by  fusion 
with  cau*<tic  ix>ta.'ih,  u  Isich  yielded  a  compound 
m.p.  202**,  and  has  probably  the  formula 
Ci^HijO..  When  guaiacum  itself  is  melted 
with  potAsh,  ]irotocatechuie  acid  is  found  among 
the  products  (hotseh,  Monatsh.  1,  615). 

By  distilling  guniacnm  n-bin  und*  r  n diu  ed 
pressure,  Kichter  (Arch.  Pharm.  244,  90)  ob- 
tained tiglic  aldehyde,  guaiacol,  creosol,  pyro* 
guaiacin,  and  a  ^ll^l-t mce  which  Lolled  at 
2u5''-260*  (4  mm.),  resinous  in  character  at 
first  but  yielding  crystals  by  the  slow  e\  apora* 
tion  of  its  .solution  in  Is  nzenc  ftn«l  lijiht  pttro- 
kuni.  This  nielt.s  at  107",  has  the  coniiKisition 
C|«H(oOs,  and  forms  a  dilniizoyl  derivative 
melting  at  143".  Guaiaretic  acid  on  dititiUatiou 
yields  tiudic  aldehyde,  guaiacol  and  pyro- 
guaiacin (Docbner  an«l  Liieker):  Herzog  and 
ijchiff,  however,  were  unable  to  delect  tiglto 
aldehyde.  Guaiaoonio  acid  also  yields  these 
three  oompounda  on  distillation  under  ordinary 
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pressure  (D.  and  L.).  Under  reduced  pressure, 
the  aoid  yielded  tiglio  •Idehydo,  suawool,  aad 
other  trabsianoes.  the  formation  of  wbieh 

to  depend  on  th-"  mir  <>f  ilist illiit icn  (Riclitrr). 

Guaiacuni  is  med  m  niediuinc  an  a,n  ullera- 
tive  in  finut,  rheumatlHtn,  and  s^'philis. 

Hemlock  Spruce  Resin.  Canada  Pitch ;  Pix 
Canadejutis  {Poix  de  Canada,  Fr. ;  Canadi«che« 
Peek,  Get.).  The  hemlock  spruce,  Tsuga  cana- 
dtnsi*  (Carr.U  yields  a  reddish-brown  resin 
nearly  allied  to  Bunrundy  pitch,  r.  Olkorksiks. 

Indian  Hemp  Resin  (Cannabin).  The  com- 
mon hemp.  Cannabis  mtiva  (Linn.)*  when 
grown  in  India  dovelops  a  physiological  activity 
not  different  in  kind,  but  of  greatly  increased 
intensity,  to  that  posseajietl  by  the  plant  in 
Europe  or  America.  For  drawings  t'.  Bent  I  a. 
Trim.  231.  Indian  Hemp  {Cannabin  Indicu, 
Brit.  Pharm.  ;  Chanvre  indien,  Ft.  ■  Indiw.her 
Ilanf,  Ger.)  (  ontiiins,  together  witli  a  vohiiile  oil, 
a  resin  to  which  the  name  cannabin  ba^  been 
applied,  and  to  which  the  powvifnl  narcotic 
j.rojxrties  of  the  drti::  arc  iiacribed  (Roux,  J. 
Pharm.  C^m.  Fob.  1887).  This  resin  was 
isolated  by  T.  and  H.  Smith  (Pharm.  J.  6.  171) 
ns  a  brown  amorphous:  solid.  The  in<  tli<><I  cm- 
pluvtd  for  its  extraction  wa**  t't>bcntiu,lly  treat- 
ment of  the  dry  aqueous  extract  of  the  herb 
with  alcohol,  puriiioation  of  the  alcoholic  solu- 
tion, and  pre<^'ipitation  of  the  resin  thercbom  by 
water,  ('antial)iri  so  obtaiiu^d  pnsscSOCS naiOOtic 
properties  in  a  very  high  degree. 

*Gliaras/  which  oonmiits  esaentially  of  the 
resinous  exudation  from  the  stems,  leaves,  and 
flower  heads  of  the  uniirtUised.  female  ])lant 
and  which  is  con(»itkr<(l  by  the  Indian  natives 
to  be  the  most  potent  pre^mration  of  Indian 
hemp,  has  been  investigated  bv  Wood,  Spivev, 
and  Easterfield  (Chcm.  So-  .  Truns.  (;«>,  539). 
These  inquirerf^  have  isolatod  a  tcrpcne  C^^Hi^  ; 
a  sesquiteryK  tie  ('isH,^,  identical  with  tiie  oil 
isdlatcil  by  X'alftita  ((Jaz/.  rhim.  ital.  10,  540). 
and  afitTsvanIs  liy  \  i<.;n(>li)  (tlnd.  25,  i.  HO) 
from  cannabern',  tlu-  <>il  whicli  Personne  (.1. 
Pharm.  Chun,  liii.]  31.  4B)  obtained  by  distilling 
the  hemp  j.laut  with  water  ;  a  parailin,  pn)bably 
Cj.Hjo  ;  and  a  red  oil,  rannabinal,  to  which  the 
highly  characteristic  iihysiological  effect  of 
Indian  hemp  is  dne.  In  a  further  ])aper  (Chem. 
S>c.  Traill.  ".">.  201.  f]iis  is  >li<>\\i»  tc  be  a 
mixture  ot  a  cuii>{M>uiid  l.',jiH2(Ug,  tor  wliich  the 
name  cannabinol  is  retained,  with  one  or  more 
jiubstances  having  a  lower  percentage  of  carbon, 
(^nnabinol  boils  at  285"  (8  mm.),  coming  over 
a.s  an  almost  colourless  oil  which  on  cooling 
solidifies  as  a  transiiarent  resin.  It  yields  an 
acetyl  derivative,  ( -..ILsO/CO  CHj.  m.p.  75". 
On  trratinent  with  col«l  fuming  nitric  acid,  a 
trinitro  derivative  Cj,H^,(N02);,03  is  obtained, 
crystallising  in  the  form  of  bright  yellow  T)lfttes, 
which,  when  quickly  heate<l.  melt  at 
some  decom]>osition.  This  compounti.  on  oxi- 
dation with  hot  iittric  acid,  gives  nitrocanvabino- 
lactone  CnH.jNO^,  identical  with  the  oxy- 
cannabin  of  Bijtas  and  Francis  (Chem.  News, 
21.  217)  and  of  Ihin-laii  am!  Ib  rirv  (i  'hi  rti.  Hoc. 
Proc.  1808,  44),  logetiior  witli  normal  butyric, 
valeric,  and  other  fatty  acid.s.  NitToeannabino 
lactone  cry.stnllitics  in  faintly  yellowish  m  rdles. 
melting  at  178"  (v.  n\  ><  Czcrkis,  Aitnah'O,  351, 
467). 

Among  other  ooitstituenta  occurring  in 


I  small  quantities  in  Indian  hemp,  nicotine  wa.^ 
iound  by  Preobraschensky  (Hiarm.  Zeit.  1876> 
I  705),  but  its  presence  is  denied  bv  Riebold 

a.ul  Bradbury  (Phann.  J.  [iii  ]  12.  n2r.).  The 
latter,  however,  fitul  traces  of  a  new  volatile 
I  alkaloid  cannabiniuc,  and  a  .'similar  Imso  haa 
:  i'«)lat.'<l  bvH.  F.  Smith  (t'H/i J.  [iii.]  22, 207). 

.\nother  ulkaliiid  telaiuxanttabine,  according  to 
H&yiibid.  [iii. J  13,  998). »  m  a  the  herb;  but 
this  is  questioned  bv  Warden  and  Waddell  (ibid, 
[iii.]  15.  574).  'D»tano<»nnabine  is  poMibly 
identical  with  rhulir.f,  finnul  by  Jahns  (Areh. 
Pliarm.  25.  479]  to  be  a  constituent  of  Indian 


Jalsp  Resins.  The  hue  jalap  resin  is  ex- 
tracted Iroai  liie  roots  of  Jpomaa  Purga  (Haj-ne) 
by  alcc)hol,  and,  after  concentration  of  the 
aicoholio  solution,  precipitated  therefrom  by 
water. 

Jalap  resin  has  L'cnerally  been  assumed  by 
investigators  to  be  a  mixture  of  two  amorphous 
glucosidie  constitttenta ;  one  soluble  in  ether, 

jalapin,  and  the  other  in.sohiM*-  in  cthor,  con- 
volmdin.  lor  a  retoril  of  the  work  on  the*w 
substances,  r.  T.schirch  (Die  Harze,  Bd.  11, 
Leipzig.  1906).  Power  and  Rogerson  (J.  Amer. 
Chem.  iSoc.  32.  80)  have  shown  that  jalap 
resin  is  nnith  more  complex  than  had  been 
supposed,  that  its  pb^sioloKicaliy  active  com> 
ponents  are  all  indefinite  and  amorphous,  as  arc 
al^.)  thr  most  important  prodTicts  of  thoir 
hydrolysis  an<i  that  consequently  there  w  no 
justification  for  assigning  empirical  formulae  to 
tho'^p  substances.  Tho  re^iin  yielded  1-9  p.e.  to 
lii;ht  pctrolctiiii.  Tlii.s  extract  was  physiologi- 
cally inacti\r.  containetl  cetyl  alcohol  and  a 
ntimber  of  fatty  acids;  also  a  phyiotterol 
(,-H,,0.  m.p.  I34*-1S^.  and  a  svhtlanee 
f,.Hui*'.  I"'  )*-  ")l'°-r)7"',  which  t,'av<'  the  phyto- 
alerol  reaction.  The  ethereal  extract  amounted 
to  9-7  p.c.  of  the  resin;  it  \x-a3  purgative  and 
oontaincd  a  small  amount  of  ipurgand 

a,H„0,(OH)^, 
colottirlesa  needles,  m.p.  222"-225".  It  gave  the 
colour  reactions  of  the  phytosterol.'?.  The 
residue  of  the  ethereal  extract  after  hydrolysis 
gave  a  little  jjhytosterol.  cetyl  alcohol,  Milatile 
acids  aud  amorphous  protUicts.  The  chloro- 
formic  esttraot  anonntea  to  24*  1  p.c.  of  the  lesin 
and  wa^  purgative.  Tt  yielded  a  little  ^inethyl- 
aescukiin,  and  aft*  r  hydrulyt-ks,  furiiuc,  butyric 
d-a-methylbutyrio  acids,  convolvulinic  acid 
(  ',  .,ir^^O,.  and  possibly  a  higher  homologue  of 
the  kttcr.  S<jme  dextrose  was  also  formed  so 
that  a  ])ortion  of  the  extract  was  glucosidie. 
The  ethyl  acetate  extract,  which  was  alao 
purgative,  formed  22  p.e.  of  the  resin  and  on 
hx  'lrnlysis  yii  Idi  d  ^irndiict  -  .-iimilar  to  those  of 
the  ethenal  extract.  'J'he  alcoholic  extract 
amounted  to  38*8  p.c.  of  the  resin  and  was 
l)iir!:»ative.  It  was  an  almost  white  [K)wdor. 
m.p.  150°-l(i0'',  and  gave,  on  hydrolysis,  formic, 
butyric,  and  o-methyl  but\Tic  acids  and  also  an 
amorphous  product  of  complex  composition. 

Besides  ipomma  Punja  (Hayne),  which  N^elds 
the  true  jalap  resin,  there  are  many  otlier 
species  of  the  genus  Ipomaa  Mhich  possess 
purgative  properties,  and  a  niimlxT  of  these 
plants,  or  the  resin--  ol'luined  from  them  Imve 
been  emplovetl  m  medicine  (Power  and  Ftoger- 
son.  Anu-r.  J.  Pharm.  80,  251  ;  82»  365$  Chem, 
I  8oc.  Trans,  101, 1). 
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Japanese  Lacquer  (l^'ru^hi).  Urushi  is  the  •  rxamination  of  kamala  by  A.  (i.  Perkin  (Chem. 
milky  MHrretion  of  Bhus  vemtcifera  and  u  ;  Hoc.  Trans.  t>3,  975 ;   07,  230)  shows  that  it 

the  material  for  th«  well-known  Japaneeelaoqueir  i  contains  six  distinct  subetanccii.   Five  of  these. 


Ytani$h, 

KUwMshi  (raw  laoqver)  h  ooUeoted  in  June 

by  making  .shalltnv  ruttiiitis  in  the  stom  of  the 
tree  ^^iiou  it  exudes  m  drups  from  between  the 
outer  and  inner  barks.  Se«hi me -urushi  ia  an 
infirior  kind  of  juice  which  exudes  when 
branches  and  tu'iga  of  the  tree  have  been 
immersed  in  water  for  some  months  and  after- 
wmrde  heated.  Xhie  juioe^  when  sent  to  tho 
naricet,  is  nmiAlly  mixed  with  more  or  less 
*  Molni}iki,'  a  sub^*tanrt•  somewhat  resenibliny 
iiru^hi.  Pure  and  unaltered  urushi  is  a  thick 
greyish  fluid  of  dextrinous  oonsistenee  which, 
under  tho  microsenpc.  is  found  to  consist  of 
minute  globules,  pofnoof  darker,  others  of  lighter 
colour,  mixt  d  uith  small  particles  of  opaque 

liiowniah  matter.   If  the  juice  be  exposed  to   ,  ,  ^ 

moist  air  in  a  thin  layer  it  dries  to  a  lustrous  \  rotUeriny  forms  a  beavtifvi  gbstening  mass  of 
translucent  varnish.  Acconling  to  Yo^hida  yellow  needles  which  melt  at  102**-]  It  has 
(Chem,  Soc.  Tians.  43,  472),  it  contains  uruahic  J  the  composition  CmHmO.  and  is  possibly  a 
add,  gam,  water,  and  a  peenUar  diaetatie  |  reduction  prodvet  of  rottierin.  The  wax  is.  a 
mattrr,  also  a  very  small  proportion  of  a  volatile  colourless,  apparently  crystalline  mass,  melting 
poisonous  body.    Tho  phenomenon  of  dr)  ing  ;  at  82*.     Uo-BolUcnn  crystallises  in  groups  of 


(ottierin,  tM>rottlehn,  a  wax,  and  two  resins, 
<me  o!  high  and  tiie  other  of  low  melting-point, 
form  the  principal  constituents,  but  there  is  nho 
present  a  small  quantity  of  a  yellow  crystalline 
colouring  matter.  Rottierin  crystallises  in  tlun 
salmon  coloured  platf*?;.  m.p.  H)1°-191'5' 
(Perkui),  200°-2Ur  (B&rtololti,  Gazz.  chim. 
ital.  24,  i.  1),  203"-204*  (Telle.  Arch.  Pharm. 
244,  441).  It  has  the  molecular  formula 

OsjHsoO,. 

It  vields  a  bexa>acetyl  derivative  and  aluo 
metallic  derivatiTes.  The  rsein  of  low  melting- 
point  lias  tho  comiK)sition  represented 
CjjHjjO.,  and  resembles  rottierin,  with  which  it 
ia  evidently  closely  allied  in  most  of  its  pro- 
perties.  The  yellow  colouring  matter,  ?tomo- 


ia  due  to  tho  oxidation  of  urushic  acid  (.'(fHigO; 
into  oxyurushic  acid,  which  takes  place  by  the 
aid  of  the  diastatic  matter  in  the  presence  of 
oxygen  and  moisture. 

Urushic  acid  or  umshiol,  purified  by  dis> 
tilling  in  a  high  vaoaum.  is  a  visoid  brown  oil. 
Itfl  composition  agrees  with  tho  formula 
^w^M^f  3'ields  a  dimethyl  ctber  and  a 
diacetyl  compotmd  and  behaves  in  general  as 
a  ilihy{ln>xyphenol.  Dry  distillation  gives  a 
mixture  of  hydrocarbons,  catechol  and  small 
<juantitif  s  of  fatty  acids  and  carbon  dioxide 
(3Iajima  and  (Jho,  Ber.  40,  4390 :  Miyama,  J. 
OolL  Eng.  Tokyo,  4,  89;  Majima,  Ber.  42, 
1418.  3fiM). 

The  poison  contained  in  the  lacquer  is 
shown  by  Tschirch  and  Stevens  (Arch.  Pharni. 
243,  504)  not  to  be  volatile  but  to  consist  of  an 
oily  substance  soluble  in  light  petroleum.  It 
produces  local  dermatitis. 

KaOMla  Bestlis.  lUmala,  a  fine  mobile  pow- 
der of  a  dult-red  eokmr,  oonsists  of  the  glands  and 
hairs  of  the  capsules  of  MalloUui  jiJiifippim  n-i; 


minute  plates  melting  at  198*-199*  an  i  i'  jt8 
appearance  greatly  resembles  rottierin,  from 
which,  however,  it  is  readily  distingnished  by 
its  behaviour  towards  golvLiits.  The  re55in  of 
high  melting-point  is  a  pale  yellow  amoruboua 
subetanoe  of  tho  formula  C,,H|204,  eloedy 
alli«'(l  to  rottierin  in  many  of  it,-?  properties. 
Kamala  also  contains  a  small  quantity  of  a 
sugar  which  i.s  extracted  from  it  by  water.  For 
substitutes  for  kamala  v.  Wars  or  Waras  resin. 

Kosln  Resin  {Koussin).  The  female  flowers 
of  Hagenia  t^ysainica  (  J.  F.  Gmel.),  a  tree  which 
grows  in  the  higher  districts  of  Abyssinia,  con- 
tain  a  crystalline  resin,  konn.  Wittstein  (Rep. 
Pharm.  71,  26)  examined  koso  in  1840,  and 
found  the  flowers  to  contain  6  p.c.  of  an  acrid 
bitter  resin,  together  with  wax,  gum.  and  one- 
fourth  of  their  weight  of  tannin.  Kosin  was 
further  studied  by  Pavesi  (J.  1859,  586)  and  by 
Bedall  (J.  1862,  513).  To  obtain  it  the  drug  is 
mixed  with  lime,  and  extracted  tirst  withaloonol 
and  afterwards  with  water.  The  sohitions  are 
mixed  together  and  concentrated.    Acetic  acid 


(Mii||er,  Arg.).  The  shrub  is  described  by  Beutl.  1  is  then  added,  which  liberates  the  kosin  from  its 
a,  Tnm.  236.  Kamala  has  long  been  known  as  soluble  eakinm  salt,  when  it  dowly  precipitates. 

an  oranqe  dye-stuff,  and  mon?  r<.K)ently  as  a[  Commercial  kosin  was  examined  by  F'liickiger 
remedy  for  the  expulsion  of  tapeworm.  Kamala,  \  and  Buri  (J.  1874,  iKK) ;  Fliick.  a.  ilanh.  2.'»8), 
or  a  drug  closely  resembling  it,  is  mentioned  as   who  found  it  to  consist  essentially  of  >  i  llo\r 


early  as  the  tenth  century  by  the  Arabian  witers. 
It  srrows  in  Abyssinia.  Arabia,  the  East  Indies, 
and  Australia.  (Jood  kamala  yields  at  bast 
three-quarters  of  its  wei|[ht  of  resin,  but  it 
is  often  largely  oontammated  with  mineral 
matter.    Accordinj^  to  Anderson  (N'.  F!d.  P.  J, 


rhombic  erystals,  which  melt  at  142*.  The 
cry  totals  are  insoluble  in  water,  but  easily  soluble 
in  alcohol,  ether,  iM-ir/ene,  glacial  acetic  acid 
and  in  alkalis.  Ferric  chlwide  sivea  a  red 
colour  with  an  aloohoUo  solution  of  kosin.  By 
repeated   crystallisation   from   alcohol,  these 


120° 


1,300;  J.  1866,  tU>9 1,  who  examined  kamala  in  I  crystaLj  havu  been  Roparate*!  into  two  com- 
18.55.  it  oontams:  resinous  colouring  matter,  I  pounds,  a-kosin,  melting  at  100°  and  a  little 
78-19  p.c. ;  albuminoids,  7*34  p.c.  :   cellulose.  '  B-kosin,  more  soluble  in  al(  <iliol  and  melting  at 
7-14  p.c.  ;  water,  3  19  p.c.  ;  and  aj»h,  3  84  p.c. 
F.  Kirkby  (Pharm.  J.  [iii.]  14,  897). 

Anderson  isolated  from  kamala  a  crystalline 
ooraponnd  rafdimn,  C,,H,oO,.  a  wax,  and  a 
resin  melting  below  100°.  Lcul..  f.T.  1860,  562), 
however,  was  imablo  to  obtain  any  crN'stalline 
product,  but  the  existence  of  rottierin  has  been 
confirmed  by  A.  a.  and  W.  H.  iN  rkin  i  B.  r.  10, 


Both  have  the  comjKisition 
C'aiH,40^0Me),  or  C2„lL,0j(0Me), 

(Boehra  and  Lobeok.  Arch.  Pharm.  239,  672 ; 

cf.  Daccomo  and  Malagnini  I-'Orosi,  20.  301). 
Varioua  other  compoimds  have  ]jvrn  oljiaindl 
from  extracts  of  KOSO  flowers.  IxieliMnring 
(Arch.  Pharm.  232.  60)  isolated  proifAumn 
3109)  and  Jawein  {ibiU.  20,  182).    A  further  i  0»H„0„   long   oolourkss   ehining  fioedlw, 


biyiiizca  by  GoOglc 


668 


RESINS. 


melting  at  176*.  Protokosin  is  vrithout  physio- 
logical action,  And  the  poisonous  character  of 
the  oiii;iniil  (Jrug  has  beeii  traced  to  the  pn-Hi'iK-f 
of  kototozin  ^tt^\ifi\^*  ^  yeiiow  powder 
{ef.  Kondakoff  md  Sclwtc,  Ai«h.  FhArm.  337, 
493).  Roehm  and  Ixibeck  found  in  a  com- 
mercial ethereal  extract  of  the  flowers  a  small 
■proportion  of  anhtfdropratokosin  Cj^H-jOij,  m.p. 
182  .  This,  when  cr_vstaIli>Ld  from  alcohol 
containing  a  little  water,  is  cuuvcTltd  iuto 
Loichsennng's  protokosin.  AL-o  sntall  quanti- 
ties ol  lumain  (jftH-wfiia,  melting  at  178  ,  wero 
obtained.  Tho  main  ooiutitnent,  hoiv«ver,  was 
kosotoxin,  which  melted  at  0*2".  \\']K'ri  hcitcd 
with  aqueous  8o<lium  hydroxide  and  zinc  dust, 
kosotoxin  is,  to  a  large  extent,  converted  into 
kosin.  and  the  latter  compound  is  nho  formed 
when  kosotoxin  is  boiled  with  barium  hydroxide. 

Koain  is  employed  in  medicine  as  a  Termi> 
fuge. 

Lac  Resftn.  Chm  Lac  ;  Lacca.  (lAVjUf,  Fr. ; 
lAick,  (Jer.).  I'ftf:  i-"*  an  exudation  ])rndueed  IfV 
tho  puncture  of  the  hcmipteroua  iiiscct,  Coccxm 
lacca  (Kerr),  on  the  young  branches  of  many  East 
Indian  lactit  iferous  trees.  The  resin  rxudes  and 
driesontht?  branch,  coveriugitandimbedding the  ' 
insects  and  protecting  their  eggs.  The  femab  in- 
sect contains  a  red  colouring  matter.  The  Buiall 
branches  covered  with  resin  arc  knowTi  in  com-  | 
nierco  as  stick  lac.  \\  lien  tlic  n  sin  is  removed 
ills  called  setd  or  grain  lac,  and  when  melted 
by  boiling  \rit>h  irater  and  cooled  in  thtn  byera 
it  Ijccomcrf  dhdlar.  Tlic  uater  in  uliicli  .-.eed  or 
slick  lac  ha.i  bccu  Lulled  contain.s  the  col'iurinp 
matter,  which  on  evaporation  const itutcb  lac  dye. 
^Shellac  is  bleached  by  treatment  with  sulphurous 
acid  or  chlorine.  It  is  soluble  in  alcohol,  alkalis, 
and  in  liydnx  lili»ric  and  acetic  acids.  It  consists 
of  a  mixture  uC  zeeius,  together  with  small 
quantities  of  tv«x,  fat»  and  extraetivo  matter 
(von  Kst  tiViet  k  and  Marquart.  Armalen,  13, 
286;  Bcuedikt  and  Ehrlich,  Monatsh.  y,  158; 
Benedikt  and  Uber.  ihid.  U.  CSO ;  (iascard,  J. 
Phnrm.  Chim.  [v.]  27,  365).  It  i.s  used  for 
variiiishc^j,  and  tho  basis  of  the  la  tti^r  kinds  of 
seaUng-^vax.  A  liauid  shellac  Ls  prepared  by 
the  action  of  hot  alkalis.  (B.  and  £.) 

Lao  dye  was  examined  by  Sohmiot  (Bar.  20, 
1287),  who  findH  it  to  contain  a  crystalline  com- 
pound iuccutc  otirf,  CjjHijOg  (?),  tho  salts  of 
which  possess  the  characteristic  red  colour  of 
the  dye.    Tile  acid  rc-ein!»I(  .s  rarminic  acid. 

Tho  puritieU  rcsiu  of  st  ic;k  iuc  uu  hydrolysis 
yields  akurilic  acid  Cj^H^^O^,  m.p.  10i*6*,  and 
a  sticky  substance  which  is  probably  a  resino- 
tannol  (Tschkch  and  Famer,  Arch.  ^arm.  237, 
35).  These  investigators  also  obtained  from 
the  colouring  matter  a  substance  crythrolaccin 
CiiHibO^iRjO,  which  appears  to  bo  a  bydroxy- 
methyl  aiithraquinonc.  For  the  detection  aiul 
estionticm  of  rosin  in  shellac,  v.  Lansrmuir  (J. 
Soc.  (  hem.  lud.  24,  12). 

LftDOCesin.  A  resin  or  gom-zesin  obtained 
from  the  wiuthings  of  wool  (J.  Soc  Chera.  Ind, 
18©U.  ]iMc.', 

Masopin  Resin.  A  resinous  substance  obtained 
from  the  Dschilte  tree,  and  used  in  Mexico  for 

chewing.  It  is  n  snow-^rhi(»^  poAvder,  without 
taste  or  smell,  insoiubk*  ai  water  but  soluble  in 
alcohol  or  ether.  From  an  ethereal  solution 
crystals  may  be  obtained.  These  melt  at  155°, 
but  in  melting  undergo  a  change  by  which  tho 


melting-pouit  falls  to  70°.  Ma.«;opin  has  the 
com|K>sition   C'j,tlj,0   (tienth,    Annalen,  40, 

Mastich  Resin.  Ma^Khe.  (ifastic,  ¥t,  ; 
Mastig,  Ger.).  Ifastich  is  the  eonerete  lesinous 

exudation  of  Pi'tnciii  D  nti^cus  (Linn.),  an  ever- 
green shrub  inhabitiug  the  shores  of  the  Mediter- 
ranean (Bentl.  a.  Trim.  242).  It  comes  chiefly 
from  the  island  of  Scio.  .Ma.stlch  has  been  krlO^^•n 
from  aucicul  limes,  but  iL  la  vmpiu^cd  Icso  and 
less  in  pharmacy,  and  is  being  replaced  by  other 
resins  in  the  manufacture  of  the  liner  varnishes. 
It  occurs  in  *  tears,'  or  in  masses  of  a  pale-yellow 
colour;  is  brittle,  and  has  a  faint  !>al^amic 
odour.  It  softens  in  tho  mouth,  and  melts  at 
about  108*. 

Earlier  invol  ipat  iori!*  of  the  ri  ^in  have  been 
made  by  Juhiisou  (I'hil.  Trans.  ib3U,  132)  and 
Hartsen  (lier.  0,  310).  A  sample  examined  hv 
T^chirch  and  Reutter  (Arch.  Phajrm.  242,  104} 
was  found  to  contain  a-  and  $-fiuutieic  add* 

^23^3t^V  •■-'Cl)arated  froni  the  ethereal  .-olution 
by  1  p.c.  aqueous  ammonium  carbonate.  1  p.o, 
aaueous  sodium  carbonate  then  extraots  matt*' 
cutit:  arid  ('jriHanOj,  fry.stal.t,  m.p.  201".  and 
a-  and  ^-imu>ticuinc  acids  C;,.H4,0,,  melting  at 
96**-96-5*  and  91  "^•respectively.  The  residue 
consists  of  masticorcstnts  with  about  2  p.c.  of 
essential  oil  (c/.  Fliickiger,  Arch.  Pharm.  [iii.] 
19.  ITu).  A  l))ttcr  .svjbKtance  is  also  presmt.  A 
tabic  showing  the  acidity,  ether,  and  saponiSca* 
tion  nnmbem  of  several  varietiea  of  mastie  is 
given  b}'  ]>icterirh  (Pharm.  Centh.  40,  Ao'M  and 
the  solubdity  of  tlie  ifssui  hi  different  tuivents  by 
Cu*h;,'nier  (liuli.  Soc.  chim.  [iii.l  27,  549). 

Maynas  Resin  {C'alaba,  Galha).  A  resin  cx< 
tracted  by  incision  from  the  tree  CalophyU 
lum  CaUtba  (Jacq.)  which  inhabits  the  plains 
of  San  Martino  and  the  Orinoco.  When  puri- 
fied by  solution  in  alcohol  it  crystaliisee  in 
pri-m>.  It  is  .'-oluMe  in  alcohol,  ether,  alkalis, 
and  Hi  acc-iic  und  .^ulphtirio  acids.  Analysis  led 
to  the  formula  CitHitO^  (Lewy,  Ann.  Giim. 
Phys.  fiii.i  K).  380). 

Mezereon  Resin.  .'ILo  acrid  constituent  of 
mczercon  bark  is  a  resin.  The  bark  is  obtained 
from  the  shrubs  of  Daphne  M^ereum  (Linn.) 
and  other  species  of  Daphne.  These  shrubs, 
u  ith  fl[(  ir  red,  fr:!',  i.ui1  Hower-clusters  preceding 
the  leaver,  udiaiiU  buulheru  and  middle  £uto|>ef 
and  grow  in  P'ngland  as  far  north  as  Yorkshuv 
{v.  Bentl.  a.  Trim.  225-227). 

Mezereon  resiji  has  not  been  recently  exa- 
mined. It  Avas  prepared  by  CJmelin  (Schw.  J. 
35, 11),  and  according  to  Zwenger  (Annalen*  116, 
17),  it  yield.",  on  distillation,  umbelliferone. 
\  auquehn  '  Ann.  rhjm.  I'hys.  84,  171).  al.  o 
Gmelin  and  liaer  ^behw.  J.  35,  1),  iioiatcd  from 
various  speciew  uf  daphne  a  crystalli-sablo  com- 
pound daphnin.  This  was  shown  to  be  a  gluco- 
sido  by  Zwenger  (.Viinalen,  115,  1).  It  break."* 
up  by  the  action  of  acids  into  glucose  and 
daphn^itu  Daphnetin  has  been  synthesised  by 
Fschmann  (Bcr.  17.  029),  al^o  Gattennann  and 
Hobner  {ibid.  'V2.  '2^1).  Among  tb'  ulher  ecu- 
stituents  of  mezereon  is  a  vestcalitig  fatty  oilf 
which  occurs  cbic  ilv  in  the  fruit  (Martius,  Afch. 
Pharm.  [ii.]  110,  39). 

In  medicine  mezereon  is  employed  as  att 
alterative  in  rheumatism  and  scrofula,  and  is 
sometimes  used  as  a  vesicant. 

Mormyr  Spruce  Resin.  Burgundy  Pitch ;  Pix 
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Surgundica.  {Poix  dt  Bourgogne,  TV. ;  FichUn- 
tarr  or  Tannenharz,  Gcr.).  Burcundy  pitch  ia 
the  pn-paml  resin  of  Picea  txcdsa  (Link.)  tho 
Norway  sprucii  iir.  For  drawiug  v.  Bentl.  and 
Trim.  261.  The  nwrket  is  aappiied  with  Bur- 
giindy  pitch  chiefly  from  th**  Grand  Duchy  of 
Baden,  Austrin,  and  S^vitzerland.  Tho  ordinary 
OWthod  of  coilrciiun  is  to  make  incisions,  and 
to  alluw  tliL-  oltorcsinous  juice  which  exudes  to 
harden  on  tJie  trtei>.  It  is  then  ixtuovcd  and 
treated  w-ith  boiling  water,  whereby  a  resin 
pnictically  free  from  volfttUe  oil  is  obtauicd. 
Burgundy  pitch  etosely  reseraUes  colophony. 
It  is  employed  in  incdicitn;  for  plnsters.  ^\"hf'n 
colophony  is  melted  and  mixed  with  a  little  fat 
sad  water,  and  stirred  as  it  cools  until  it  solidifies, 
*  mixture  is  obtained  whicli  lias  the  opacity  nnd 
other  characters  of  Burgundy  pitch,  and  is 
luttely  substituted  for  the  true  resin. 

Palm* Wax  BmId  {CerwfAin),  Palm-wax,  tho 
product  of  CeroxyUm  andieomm  (Humb.),  a  palm 
of  New  Granada,  contains  a  resiji.  it  may  he 
separated  from  the  wax  by  solution  in  alcohol. 
It  mdts  above  100^  and  is  said  to  have  the 
composition  ( '  H^jO  (BouHsin^ult»  Ann*  Ghlm. 
Phys.  [lii.]  2J).  SAU;  59,  19). 

Pellitory  Resin.  The  root  of  Anacyclus 
Pyrethrum  (Dc  Cand.),  '  pellitory  of  Spain,'  has 
long  been  known  as  a  powerful  local  irritant  and 
sialogogue.  It  comes  for  tlio  nui.Hl  ymil  from 
Algeria.  A  drawing  ol  the  plant  is  given  by 
Bentl.  and  Tiim.  161.  The  aerid  properties  of 
the  root  seem  to  depend  np'in  its  resinous  con- 
stituent, pyrfthrin  (Gaulticr  and  Pnrisol.  J. 
Pharm.  Chim.  181N,  4;» ;  1834,  251;  Kone. 
Ann.  Chim.  Phyf<.  [li.]  59,  328).  Tiiompson 
(Pharm,  J.  [iii.]  17,  587)  prepares  the  resiu  as 
follows :  The  root  is  jxjw  tiere<l  and  percolated 
with  alcohol.  The  reaidue  is  then  acidified 
yri&x  aoetio  aeid  and  extracted  by  boiling  alcohol. 
Finally  lli  tv,-o  liquid  are  mixed  together  atid 
evaporated,  llius  obtained,  pyrethrin  is  a 
mixture  of  an  acid-bro\t'n  resin  with  some, 
probably  inactive,  fixed  oil.  Pellitory  contains, 
besides  pyretlurin.  fixed  oil,  gum»  inuiin,  a  trace 
of  tannin,  and,  according  to  BuohheimfAtcf.  [iii.] 
7*  316),  a  oompound  jiyrdAriiu^  analogous  to 
|Mperine,  which,  by  the  action  of  oanstio  alkalis, 
takes  up  (he  eh  ments  of  water  and  breaks  up 
into  piperidine  and  pyreihric  acid  (c/.  Uunstan 
and  Gamott,  Chcm.  Soc.  Trans.  C7.  100). 
Pyrethrine  forms  white  clu.-tert  d  m  tdlcs,  melts 
at  45°  and  has  an  extremelv  Imrning  taste 
(8chne<^an8,  Fhsm.  Zeit.  41,  668). 

Simusr  resinoiis  eomitituents  arc  found  in 
the  root  of  German  pellitorv,  A.  ojfficinarum 
(Havne)  (B.  iitl.  aod  Trim.  IfiS;  FKiok.  and 
Hanb.  384). 

Pepper  Rain.  Pepper  appears  in  conmeroe 
as  *  hlftck,'  '  white,'  and  '  \oul'  *  popper.  The 
black  and  whito  varieties  are  tho  diied  fruit  of 
the  same  plant,  the  white  appearance  being  due 
to  the  removal  of  tho  dark-coloured  pericarp. 
Pepper  is  obtained  from  Piper  nigrum  (lAnn.), 
a  c  iimhint^  ahrub,  indij.;t'nij\is  to  'l'ra\ anetire  and 
Malabar,  and  cultivated  largely  in  both  the 
East  and  West  todies.  Long  ix'pper  consists 
of  the  dried  spikes  of  the  minute  fruits  of 
Ptptr  Clmba  (Hunter),  a  shrub  inhabiting  the 
Indian  Archipelago  {v.  Bentl.  and  Trim.  244- 
245).  Pepper  haw  b^-en  kn(nm  from  the  earliest 
times.    Tnouphra^tus    wab    acquaialcd  with 


black  and  long  pepp|er,  and  white  pepper  is 
mentioned  by  I)iuscorides.  The  Romans  levied 
duty  ou  black  pepper  in  Alexandiia»  a*]>.  176 
(fluck.  and  Uanb.  677j. 

Tho  pungent  taste  of  pepper  is  'dne  to  its 
resin,  but  this  has  not  been  .studied  chemically. 
Pepper  ooutains  1  to  2  p.c.  of  a  volaiile  oil,  upon 
which  itH  oflour  depends.  The  volatile  oil  was 
examined  by  JJum^  fAinialen,  15,  159)  and  by 
Soubeiran  and  Capilaute  {ibid.  34,  327).  It  eon« 
si.sts  c^.scntially  of  a  terpeno  boiUng  at  164*  to 
165°,  and  having  the  sp.gr.  of  U-873  (£ber- 
hardt,  Arab.  Pharm.  [ill.]  25,  516).  The  most 
interesting  constituent,  however,  is  the  crystal- 
line alkaloid  piperine  (CsHn,N)C,jH,0„  dis- 
covered  by  Oersted  in  181 'J  (.Schw.  J.  29,  80). 
It  M'as  further  invcstigatrd  by  iVlKtier  (Ann. 
Chim.  Phys.  [ii.]  10,  344;  01, 'lay)  and  others, 
and  StenhouHC  found  it  to  be  a  constituent  of 
cubebs  (Annalen,  95,  106).  Pepper  contains 
from  5  to  15  p.c.  of  this  compound.  By  the 
action  of  aleoliobc  ]K)tash  it  breaks  up  into  the 
base  piperidine  C^U^^N,  and  piperic  acid 
CisHjnOf.  Piperidine  may  be  obtained,  as 
Ladcnburg  has  shov.-n  (Brr.  17,  513),  by  tho 
action  of  nascent  hydroMeii  on  pyridine.  An 
examination  of  pepper  by  Johnston  (Choni.  News, 
58,  235  ;  Analyst,  14,  41)  has  shown  that  pipe- 
ridine exis*t«  ready  formed  in  the  spice  to  the 
t  xtent  of  from  0-2  to  0-8  p.c.  Pictet  and  Court 
(Ber.  40. 3771), however,  bysteam  distillation  of 
black  p<-pper  obtained  a  distillatd  whieh  did  not 
contain  piperidine,  but  a  base  which  is  probably 
a  C-methyl  pyrroline,  CjHgN.  According  to 
Buchheim,  pepper  contains  another  compound, 
chavicin,  which  by  the  notion  ol  :il!;;;bs  \  iflds 
chavicic  acid  and  piperidiii  (i'harm.  J.  [iii. J  7, 
315). 

Pepper  is  used  extensively  as  a  spice.  When 
ground  it  is  liable  to  adnlteration,  ehiefly  with 

starch  and  seriak.  Smli  admixture  i.^  mo.-tly 
detected  by  microBCopical  examination.  See 
Blyth  ('  Foods :  their  Oomposition  and  Analy* 
sis').  For  analyei."  of  poppcrf^  of  commerce  V* 
Joluiston  (Analyst,  14,  41)  (v.  PKriiiu). 

Podophyflnm Resin.  Eesina  podophylU  {Re- 
sine  de  podophylk,  Fr. ;  Podoj^Mw^MrZt  CS«r.). 
This  favourite  purgative  is  obtained  from  the 
rhi/.omc  and  rooih't.s  of  May  apple.  Podophyl- 
lum peUatum  (Linn.),  which,  with  its  beautiful 
wax-ulee  flower,  grows  abnndantlv  throughout 
tho  American  continent,  east  of  the  Mississippi 
and  south  of  Hudson's  Bay  (Bentl.  a.  Trim. 
17).  It  is  also  said  to  occur  in  Japan  ( Tbarm.  J* 
[iii.]  19,  346).  Another  species  of  the  genus 
Podophyllum,  which  yields  the  Indian  podo- 
phylhim,  P.  Emodi  (Wallich),  possesses  the 
same  properties  as  tho  American  species.  It 
inhabits  the  shady  valleys  of  the  Himalayas, 
and  is  a!)inid;uit  in  Kunawin  and  Kashmir 
(Dymoek  and  liooper,  Pharm.  .1.  [iii.]  19,  585). 

Besides  the  resin,  upon  which  the  purgative 
projx  rty  of  the  driifr  (b  p*'nd.s,  Mayer,  who  exa- 
mined jK>doph3Uum  in  1863  (Amcr.  J.  Pharm. 
1863,  97),  reported  it  to  contain  bcrbcrine, 
saponin,  and  a  colourless  aUcaloid;  but  no 
evidence  of  theee  compounds,  at  least  in  the 
crude  rr-in,  has  bn  ri  obtained  \<y  HubbCqucnt 
oh.-iervers  (Power,  ibid.  IblS,  309  ;  Mai>>ch,  ibid. 
1879,  590  ;  Biddle,  Pharm.  J.  [iii.]  10,  468). 

The  resin  i^^  prepareil  by  i  xtractint;  thr  dried 
and  powdered  drug  wiili  alcuiiul,  and  tiirumng 
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the  alcoholic  solution  into  water  or  water  acidi- 
ficNl  with  hydroohlorie  Acid,  the  Utter  helping 
llir  rL'!-in  to  aggloniprale,  and  thua  to  subside 
nioro  niadily.  The  precipitate  nhould  bo  dried 
by  simple  exposure  to  the  air,  or,  at  all  events, 
at  temperatures  bt>low  35*.  Thus  prepared, 
podophyllum  resin  has  a  greyish-whit<',  Hli^htly 
yellow,  or  <rrt  (  nish  ycUow  colour.  If  higher 
temperatures  bo  employed  the  resin  ia  darker. 
A  more  diBtinet  yellow  colour  is  produced  by 
the  use  of  alum  water  as  i\  pii  cipitant.  \'aria- 
tiona  in  colour,  observable  in  commereial  npe- 
eiiUMis,  have  not  been  found  to  affect  appre- 
ciably 111 '  ir  y)hysi()l(>t;ical  activity  (Senier  and 
Lovvf,  i'hartii.  .F.  [iii.J  .s,  4-13;  Klie,  Attht.  J. 
Pharni.  1887,  578;  Busch.  ibid.  1S77.  548; 
lioyd,  Fhann.  J.  [3]  10, 70 ;  Jouee,  Ciwm.  Xtarug. 
34,  701).  The  vield  of  rmin  rariee  from  3  to 
Cp.c.  Fntiii  Truiiaii  ]K)(I<iphyllura  12p.c.  of  crude 
resin  wa«  ubtauuni  by  Dy mock  and  Hooper. 

Podophyllum  resin  ui  noluble  in  alcohol  and 
caustio  alkali.'*.  From  its  alkaline  solution  it 
is  re-precipitatcnl  by  acids.  Aithtnigh  the  resin 
is  precipitated  from  its  alcohoiio  solution  by 
water,  it  is  not  insoluble  in  that  menstrvum.  As 
much  as  80  p.e.  may  be  dinolved  in  hot  water, 
and  only  a  i>art  of  this  rc  -precipitatea  on  cooling. 
Power  finds  the  crude  resin  to  melt  at  120"  to 
124".  Btbor  diasolTes  about  60  p.c.  of  the  redo 
(v.  Guareschi,  (jiazz.  chim.  ital.  10.  16). 

The  investigations  of  Poclwyssotzki  have 
thrown  much  new  light  on  the  chemistry  of  podo* 
phvllum  (Arch.  Path.  u.  Pharm.  13,  29  ;  Pharm. 
Zeit.  20,  49,  140,  208,  777;  Ph^im.  J.  jiii.]  12, 
'217.  loll ).  The  auth«jr  r(vic\N;i  cxp<rini<.ntally 
the  literatuxe  of  podophvllum,  and  isolates  a 
eeries  of  definite  crystallhie  and  other  oon- 
stltuents,  the  properties  of  which  he  has  studied, 
and  to  one  of  which  ho  finds  the  medicinal 
activity  to  be  due.  These  comiK>und.s  exist 
both  in  podophyllum  and  in  the  resin,  but  they 
are  more  readily  obtained  from  the  crude  drug. 
The  essential  constituent  is  a  colourless,  atnor- 
phou*,  poiaonous  bitter  eubetanoe,  podophylio- 
foarfa,  wUoh,  by  the  action  of  lime-water,  splits 
into  n  TK'Uf  ral,  (  rystalliiip.  bitter,  poisonous  com- 
pound, ptcrojMMlophylltth  and  the  oaloium  salt 
of  inactive  pirropodapht/Uie  odd.  The  colour  of 
tM>dophylluni  is  due  to  the  coraponnf!  podophi/I- 
loqiiercelin,  which  crystallises  in  yclluvv  uuedk£> 
with  a  inctallic  lustre.  The  other  constituents 
are  inert  podophyllic  acid  and  an  inactive  ruin 
insoluble  in  ether.  The  aetiTe  pui^ative  con- 
stituent is  pier'  ]i  hI  Hin. 

To  obtain  |X)(iophyUot<jxiu  ]k>tlophyUuni  in 
extractetl  with  cobl  chloroform,  which  must  b<; 
free  from  alcohol,  otherwise  poilophylloqucrt  i  f  in 
is  diH.snlved  alwj.  The  chlorulurm  .suluUuii 
concentrated  to  a  syrup  is  poured  into  ether, 
when  inert  podophylUc  acid,  inaohible  in  ether, 
ifl  precipitated.  If  the  clear  liquid  ir  now 
rIio))prHl  into  light  i*(tr'il<-iini  thi'^  s(.!\«Mit  re- 
tams  the  fat.  anci  the  ix>dophyllotoxin  is  pre- 
oipitate<^l  as  a  whit<'  jiowdor.  It  may  be  purifietl 
by  re-.Holution  in  chloroform  and  rcjx-tition  of 
this  proces.s.  Thus  obtauu  d,  podophvlh>toxin  is 
a  very  bitter  white  or  pale-yollow  jvowtler,  and 
dissolves  in  weak  spirit  or  m  hot  water.  It  ie 
readily  soluble  in  chloroform  or  ether,  but  it  is 
inwilub!.  in  light  potn)leuni. 

Picrojiodo^h^llin  is  prepared  from  podophyl- 
otoxin  by  mixing  the  alooholio  Bolution  with 


slaked  lime  and  evaporating  to  dryness  on  a 
water-batii.     The  residue  extracted  with  hot 

absolute  alcohol  yields  silky  crystals  of  picro- 
IKjdophyllin  on  cooling.  The  resinous  com- 
pound, ])icropodophyllio  aoid,  may  be  pvepamd 
from  the  residue,  after  rxtraetion  of  picro- 
podophyllin,  in  which  it  cxi^U  m  combination 
with  calcium.  It  has  no  physiological  activity, 
and  was  not  obtained  in  a  sufficiontlv  pure  state 
for  analysis.  Aft-cr  podophyllum  has  been  treated 
with  chloroform  a<  described,  and  with  light 
I>etroleum  to  remove  fat,  the  podophyllo^uer- 
cctin,  which  is  insoluble  in  these  solventa,  is 
extracted  by  ether.  The  i  fhenal  solution  is 
evaporated,  and  the  podopUylluquercetin  puritieil 
by  convenion  into  » lead  compound,  ana  8ttbse> 
quent  regeneration  and  re-solution  in  ether. 
After  removal  of  the  ether  it  remains  aa  a 
yellow  poutlcr,  Mhich  may  be  obtainc<l  in 
yellow  crystals  by  sublimation.  On  exposure  to 
the  air  it  changes  to  green,  a  fact  which  aoooonts 
for  pomf  of  the  colours  observable  in  the  com- 
nit  rcial  resin.  It  has  no  emetic  or  aperient 
action,  but  is,  perhaijs,  the  cause  of  the  intes- 
tinal pain  which  sometimes  accompanies  the 
administration  ot  ]X)dophyUum.  Poilophylio- 
quercetin  is  the  colouring  aeent  of  podophyllum. 
It  is  insoluble  in  water,  and  forms  witn  alkalis 
bright  yellow  solutions.  Eerric  cfahnide  colours 
it  nark  f:n?en. 

Kiirsten  (^\rch.  Pharm.  229,  220),  by  a 
slightly  moditied  process,  has  obtaini-d  the 
constituents  discovered  by  fh<'  former  chemist 
in  a  crvstalline  condition,  lie  ascril)e<l  to 
podophyilotoxin  the  formula  Cj,Hj40,.2HjO 
and  showed  that  the  pioropodo]>hyliin  obtained 
from  that  compound  by  the  action  of  alkalis  is 
an  isomeride,  and  roncluded  that  the  picropodo- 
phyllic  acifl  of  Podwyssotski  is  an  oxidation 
pniduct  which  can  be  prepared  by  the  action  of 
alkaline  potassium  prrnmnfrnnatc. 

Further  work  by  Duuatan  uiul  Henry  (Chcm. 
Soc.  Trans.  73,  209)  has  proved  that  the  con- 
stituents  of  P.  emo«f*(  Wall  icb)  arc  identical  with 
those  of  P.  peUaium  (Linn.).  Crystalline  podo- 
phyilotoxin has  the  formula  (  ",  ,,H,40,.2HjO  and 
melts  at  117°.  The  anhydrcjus  compound  melta 
at  127*.  When  acted  u\n>n  by  aqueous  alkalis 
it  is  converted  into  tlu-  isotnerie  picropodo- 
jl)\lliu  which  im.it.s  at  227''.  The  acid  pro- 
duced at  the  same  time  is  not  an  oxidation  pro- 
duct  as  Kursten  supposed  but  the  acidCtfH.^Of » 
of  which  picropodophyllin  is  the  anhy«nidc. 
The  \rllij\v  <(ilounn[^  matter  is  conelucU'd  to  hr 
identical  with  the  ijur  rcetin  of  quercitron  bark 
(rf.  Kiirsten). 

The  resin  podophiillo-r>  :<i n  U  ft  after  tlio  r<>. 
movai  of  p<jdophyllol<ixni  nTui  poduphyllo- 
qU'Tcelin  from  podophyilum  resin  is  a  dark 
coloured  powder  jj^ysiologically  active.  After 
purification  it  is  obtained  as  a  transparent 
rc«Mish-brown  substance  softening  and  becoming 
semi-liquid  a  few  degrees  above  the  ortlinary 
temperature.  It  yiehls  a  crystalline  acetjd 
derivative  and  probably  ha<?  the  formula 
C,  2ll,jU4.  The  physioloffical  action  of  podo- 
phyllum is  due  partly  to  tiie  podophvl  to  toxin  it 
contains  and  i»rtly  to  the-  i>odopiiyUo-resin. 
Pieropodophylun,  picro]>odui)hyUio  acid  and 
t \v  queroitrin  have  very  little,  if  any,  porgativo 
actiou. 

The  rhixome  of  P.  tmodi  (Wallicb)  contains 
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from  10  to  I2p.c.ofrMfai,wli«teMtheAiiwrioftn 

drug  contains  aliont  5  p.c. 

krcmcl  (Pharm.  Post,  1889,  lo.-)|  Mvigccsts 
that  podophjUuni  resin  shouM  Ik-  valued  \>y  a 
determination  uf  the  proportiuti  uf  podophyllo- 
toxin  which  it  contains.  About  a  gram  of  the 
rena  is  treated  with  oblotofonu  in  the  wM  as 
long  as  Miythiug  is  dimolwd ;  the  aohitioii  ob- 
tsined  is  eva])orato'l  to  a  small  bulk,  and  then 
poured  into  Iweuty  times  its  volume  of  light 
petcoK-un).  Vhi-  ]K)dophyIlotoxi(i  separates, and 
IS  collected,  dried,  and  wei>^'li<-(l.  Cummeroial 
spocimenH  of  n  siu  yield  20  to  3U  p.c. 

Rhubarb  Resin  (p.  Rhcbarr-boot). 

SMldarafl.  Sandaraea,  {Sandamqiitt  Jft. ; 
Sandarak,  Qet.)  A  pale  jrellow  translttoent 
exudate  from  a  small  evergreen  tree,  Calliln's 
qtiadritfolvU  (Ventenat).  whtioh  inhabits  north- 
ivwtern  Afriea.  It  somewhat  rese  m  bles  mastieh, 
but  i.s  brittle  bet^^'crn  thf»  teeth.  The  invrsti- 
sations  of  Unverdorben  (Scher.  J.  60,  82)  and 
Jblmston  (PhiL  Trann.  1839,  293)  show  that  it 
eontains  three  resins  which  can  be  separated  by 
mrans  of  their  different  behavioar  towards 
alcohol  and  aU-oholie  |M)taj<h. 

Baizer  (Arch.  Pharm.  234,  289)  obtained  two 
nsitt  aoids  from  Mmdarac*  tandaraeeUe  meidt 
nj.p.  140*  and  rnUitroh'c  acid,  m.p.  248". 

Jilmmined  by  Henry  (Chem.  8oe.  Trans.  79, 
1144),  the  essential  oil  of  sandarac  refiin  was 
found  to  contain  a  diterjjene  and  rf-pinene.  Two 
resin  acids  were  isolated,  one  t-pimaric  acid 
Cjon^nOj,  ni.p.  171°.  is  isomeric  %vith  the  d- 
mmaric  acid  isolated  by  Veeterburg  from 
Bordeaux  oolophony,  bat  difiem  from  the  latter 
in  b«'i:iL'  (  ptically  inactive.  The  other  acid 
corTes|M)nti«  to  llrtlwr's  callitTolic  acid  and  has 
the  eommsition  Cgnll^gOj. 

Tschirch  and  Wolff  (.Vn  h.  Pharm.  244.  684) 
have  extracted  amorphous  suiiduracic  acid 
C,,Hj^O,.  m.p.  I80*-188*  (decomp.).  mndara- 
cimflie  acid  Cj4U,«0x.  decomposing  at  m°-276% 
and  a  small  quantity  of  sandbraeopAfuirie  oeul 
(HLiiry'."  I'-jiimarie  acid).  The  non-volatile 
residue  consisted  of  aniorphotts  tandafacortaen 
C,iH„0„  m.p.  57*. 

Australian  sandamc  or  '\\}titc  yiine  resin' 
is  almost  entirely  the  natural  rxu<i.tt  ioti  product 
of  Callitri*  calcarata  (R.  Br.)  and  C.  glauca 
iR.  Bi.)  (Smith,  J.  Soo.  Chem.  Ind.  30,  1358). 
It  differs  from  the  common  sandarao  ehiefly  in 
the  larger  si/e  of  its  '  tears.'  the  name  irlven  to 
the  small  hard  masses  of  resin  formed  on  the 
trees  by  the  evaporation  of  a  portion  of  the 
volatile  matter.  Henry  (I.e.)  found  this  resin 
to  contain  (/-pineue  and  the  two  resin  acids 
already  obtained  from  common  sandarao.  San- 
darac,  which  is  also  kno^^71  in  commerce  aa  '  gum 
juniper.' is  nsed  in  the  preparation  of  varnishes. 

Atiil.ii  al  eonstants  of  sandarao  resin  are 
^iven  by  Diuterich  (Pharm.  Centh.  40,  453)  and 
Its  solubility  in  varioiis  solvents  by  Coffignier 
(Bull.  Soc.  chim.  fiii.l  27.  649). 

Tonquin  Lac  Tree.  The  sap  of  the  Tonquln 
lac  tree,  Rhut  sueeedanm  (Linn.),  which  forms 
tlie  basis  of  various  kinds  of  lacquer  is  a  thick, 
nearly  white  alkaline  cream,  .sujx'rficially  oxi- 
disahle  by  air  to  an  intensely  bhicic  imyn  rx  iou- 
subMtance  inaoinble  in  the  muai  solvents. 
Complete  oxidation  only  takes  place  in  the 
presenee  of  a  diastatic  ferment  lacrofe,  M'hieh 
can  be  separated  from  the  other  eaavatial  con- 


stituents of  the  sap  by  means  of  alcohol,  in 
which  it  is  insoluble.  From  the  portion  of  the 
sap  soluble  in  alcohol,  a  substance  htcctd  can  bo 
preoijMtated  by  lea*J  acetate.  It  is  a  thick  oil, 
intensely  irritating  to  the  skiu.  It  i**  readily 
oxidisable  in  the  air  to  a  nKidish,  viscous  at 
resinous  substance  (Berttand,  Bull.  Soo.  chim. 
[iii.]  11,  717  :  Compt,  rend.  120.  266). 

Wars  or  Waras  Resin.  This  dnifi,  which, 
coming  from  India  or  Arabia,  has  from  time  to 
time  appeared  as  a  substitute  for  kamala.  con- 
sists of  the  glands  and  hairs  of  species  of 
Flcmingia.  The  powdtr  rtij^mbles  kamala,  but 
is  of  a  darker  colour.  It  yields  resin  to  the 
same  extent  as  kamaia.  and  is  closelv  related  to 
that  drug  in  all  its  diaiacters.  V.  Fliickiger 
iriNit  11.  J.  [ii.]  n,  279;  [iii.]  17,  1029;  18,  110), 
KTrkby  (ibid.  13]  14,  897),  Dyer  (ibid,  fiu.]  14, 
917, 909}  and  Hooper  {HHd.  {i&.l  18, 2131. 

An  investigation  of  wara.^  by  A.  G.  Perkin 
indicates  that  it  coutains  hve  distinct  sub- 
stances, fletningin,  homoflemingin,  resins  of  high 
and  low  melting-points,  and  a  icwjr.  There  is  a 
close  analoey  between  these  compounds  and  the 
similar  productti  obtained  from  kamala.  Fl'-min- 
gin  C|tUitOs>  is  a  dull  orange-red,  crvstalline 
powder  melting  at  17I*<-172^  Homoflemingin 
consists  of  ])a]e  yellow  neeilles  melting  at  105**- 
166*.  It  has  the  same  com]H»sit!()u  as  tiemingin 
(Chem.  Soc.  Ti.u:.,  T.'v  A.  8. 

RESINATE  LAKES.  These  lakes  are  pre- 
pared  by  dissolving  100  parts  of  pale-coloured 
resin  in  a  solution  of  33  jiart.s  of  soda  crystals 
in  lOOO  parts  of  water.  The  mixture  is  boiled 
for  an  wmr,  after  which  it  is  cooled  down  to 
about  RO*  by  the  addition  of  1<>00  part.s  of 
cold  water,  and  then  the  filtered  solutions  of 
such  baaio  dyes  as  magenta,  nutliyl-violet, 
brilliant  green,  aiiramine,  &c.,  are  added.  The 
amount  of  d\u  used  depends  on  the  depth  of 
colour  desired,  and  varies  between  5  and  15 
p,o.  on  the  amount  of  resin.  The  resin-eoap 
solntion  mnst  be  of  the  right  tempemtnrs  and 
dert^ree  of  concentratltm  wjicu  the  addition  of 
dye  is  made,  »o  a^  to  avoid  the  separation  of  the 
colour  bases  in  the  form  of  re^nnates.  A  slight 
e.Tc^'s'^  of  A  dilute  .wlution  of  a  metnllic  salt  is 
a<lded  ;  in  the  ua^M,*  of  zinc  hulphute,  35  partes 
dissolved  in  I00(t  parts  of  water  are  used  for 
the  above  quantitiea  of  rssin,  Ac  The  solutions 
of  magnesium  eatts  mnst  lie  very  dilute,  .since 
otherwise  the  lake  ])eeomes  resinous  on  dry- 
ing, 'i'he  lakes  which  are  not  to  be  used  ui  the 
paste  form  are  thoroughly  dried  at  a  tempera- 
ture  (if  40°  to  50°.  or  70°  in  the  case  of  mag- 
ne^ium  lakes.  The  dried  lakes  arc  of  an  ex- 
ceedingly fine  br^ht  colour.  Thev  are  not 
affected  by  air  or  moisture,  and  boiling  water 
fails  to  extract  colouring  matter.  Weak  alkalis 
and  acids  are  also  without  action,  and  strong 
solutions  of  hvpochloritos  act  vcrv  slowly  on 
them,  provided  that  light  is  excluded :  but,  in 
presence  of  light.  oxitHsinfr  n penis*  net  rapidly. 
Their  solubility  in  aiccihoi  tiepends  ujx)n  the 
nature  of  the  combined  metallic  base ;  magne- 
sium lakes  dissolve  easily,  calcium  and  barium 
lakes  fairly  easily,  aluminium  and  iron  lakes 
only  sh^'htly.  J?. nzene,  ether,  ehhiroform.  liuht 
petroleum,  and  other  solvents  dissolve  thvm 
easily.  Some  of  tiie  lakes  those  of  aluminium, 
for  instance — arc  dccomp<»sed  ■when  fhf'ir  solu- 
tions are  kept  for  a  little  time,  the  nu  taliic  ba«e 
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kting,  but  others,  such  as  those  o£  zinc  and 
oalciutn,  keep  indefinitely.  Thoy  resist  light 
(  lirly  w.  il.  Lfikort  mado  with  brilliant  greon 
resiat  badly,  but  thoee  coloured  with  auraraino, 
methyl-violet,  sainaine,  chrysoidinc,  and  par- 
ticuljirly  rhodamine,  risi-st 'vt  ry  avcU.  The 
colours  bleach  more  easily  when  in  combination 
with  ahuniniuiii  and  chromium  than  with  sino 
and  magnesium.  The  action  of  light  renders 
the  lakes  insoluble  in  Ix-nzcne,  liberaliog  the 
toluur-bajie,  which  may  be  extracted  with  hot 
water.  The  aolutioos  of  the  lakes  form  good 
▼amishes,  whose  elasticity  and  power  of  en- 
durance are  increased  by  the  adtlition  of  a  little 
indiarubber  or  guttapercha.  The  following  is 
an  Mnmple  of  such  a  yamiah;  90  |MiTte  of 
magnesium  lake  are  di!<solved  in  SO  parts  of 
benzene  and  20  parts  of  chloroform,  and  the 
solution  obtained  mixed  with  150  parts  of  a 
oiear  solution  of  1|  p.c.  of  indianibbcr  in  chlo- 
roform and  benzene  (A.  Muller-Jacobs,  Dingl, 
poly.  J.  273,  13t) ;  J.  8oo.  Chem.  Ind.  8,  770). 

RESIN  OLU  £enn  spirit.  Common  rcwin  or 
colophony  is  a  substance  which  is  left  in  the 
stills  after  distillation  of  .sjiirits  of  turpentine  (v. 
Bbsiks).  It  is  a  well-known  brittle,  but  fusible 
and  inflammable,  solid  whioh  is  found  In  com 


suitable  only  for  iron  bearings.  In  order  to  pre- 
l»aro  the  grease  a  smooth  cream  of  slaked  limo 
and  water  is  first  prepared,  and  a  small  portion 
of  the  oil  is  mixed  with  this  in  the  proporlioti  of 
about  4  parts  of  oil  lo  3  parts  slaked  lime.  The 
two  soon  unite,  forming  a  greasy  semi-solid 
mass,  with  which  an  adoUtional  quantity  of  oil 
Is  afterwards  incorpoiated  until  the  requifito 
cousistenee  is  obtained.  The  finished  grease  con 
tains  about  1  part  of  lime  to  20-26  parts  of  oil. 
The  fluorescent  bloom  of  tiie  crude  oil  can  be 
removed  by  washing  it  first  with  soda  lye.  and 
then  exposing  it  to  air  in  shallow  iron  vessels 
( Kelbe's  patent,  Ber,  1 3,  2 1 5a ).  It  is  abo  stated 
that  the  oloom  can  be  destroyed  by  treatment 
with  dinitronaphthalene,  with  nitrobenzene,  or 
wnth  hyilroirni  iH-roxide.  Purified  resin  oil  is 
used  to  adulterate  lubricating  oils,  and  is  also 
mixed  sometimes  with  rape  oil  and  with  boiled 
linseed  oil,  and  forms  an  inpredient  in  some 
printing  inks.  The  resin  oils  are  generally  sold 
under  the  name  'pine  oil'  (q.v.),  and  am 
cUssified,  according  to  quality,  as  soft,  medium, 
and  hard. 

The  composition  of  bolli  the  essence  and 
the  oil  has  been  studied  by  many  chemists. 
The  former  oonsists  of  a  complex  mixture  of 


merce  of  various  colours,  from  pale  yellow  to  !  hydrocarl-ions  and  other  volatile  substance-s,  of 


black.  It  consists  of  a  mixture  of  acid#,  the 
exact  composition  of  which,  notwithstwiding 
numerous  researches,  remairn  ui\kno\\ii.  It  is, 
however,  usually  regarded  us  consisting  chiefiv 
of  abietic  acid.  The>e  acids  form  greasy  salts 
with  alkalis,  and  rosin  is  commonly  employed 
as  an  ingredient  in  soap,  as  wdU  as  m  the 
manufacture  of  varnishes. 

The  lower  grades  of  resin  are  submitted  to 
distillation  wita  the  object  of  pnxluoing  an  oil, 
suitable  for  use  as  a  lubricant,  and  a  spirit 
which  is  used  in  varnish-making.  The  distilla- 
tion is  carried  out  in  eaat-iron  stills  of  cimrging 
capacity  varjfiiig  between  3  and  10  tons,  the 
usual  size  being  about  6  tons.  The  head  of 
the  still  is  roun<led  and  provided  with  flanges 
by  which  it  can  bo  bolted  on  to  the  body,  which 
has' a  hemispherioal  bottom.  The  oondonsing 
worm  is  usually  made  of  eopjK'r.  A  consider- 
able quantity  of  gas  is  given  off  during  the 
distillation,  containing  carbon  monoxide  and 
hydrocarbons.  ITjc  most  volatile  portion  of 
the  distillate,  boiling  between  80*  and  250",  con- 
stitutes resin  spirit  or  essence  of  resin,  and  is 
followed  by  the  od,  which  distils  only  between 
800*  and  400".  The  residue  in  the  still  is 
pitch  or  coke,  according  to  the  extent  fo  which 
the  heating  ikcarricd.  From  1  ton  of  resin  the 
yield  amountlk>  §  to  1  cu  t.  of  spirit,  and  17  cwts. 

containing  a  little  acetic  acid 
)ughottt  the  distillation,  and  the 
kvo  a  mill^  appeozanoe  in  conae- 

quence. 

Rosm  spirit  is  chiefly  used  in  vanu'sh-making, 

and  ns  an  adulterant  of  spirit  of  turpentine.  It 
is  relincd  by  agitation  with  caustic  .soda  and 
redistillation,  or  by  r.  .Iistilbtion  only.    (  Vudo  j 
resin  oil  is  »  stronglv  fluorescent  viscid  oil, 
about  one-fourth  of  which  dis.solves  in  solution  i 
of  H(Ma.  the  insoluble  part  eonsisting  of  a  hydro- 
carbon (above  300°).     Resin  oil  has  also  the  i 
property  of  uniting  with  slaked  lime  to  form  a 
grea-!y  mass  which  is  used  na  a  lubricant.    It  is 
employed  chielly  in  collieries,  and  appears  to  be 


which,  when  distilled,  resin  spirit  generally 
yields  more  than  half  its  volume  below  120°. 
The  following  constituents  have  been  isolatetl  : 
A  pentine.  t'jH^  (b.p.  50°)  (Cout-rbe,  J.  pr.  Cheni. 
1S30.  18.  105);  iwbutyl-aldehyde  (Tilden,  Ber. 
13,  1U04);  tsobutyrio,'caproio  and  other  fatty 
adds,  methyl  alcohol  (very  small  quantity,  50 
grms.  from  150  kilos  )  ;  a' hydnjcarbon,  ('^11,^ 
(b.i>.  about  11)0°),  homologue  of  benzene  ; 
ordinary  cymene  and  a  new  cymene  (m- 
propyltolucne) :  m-i.««but vltoluene  (b.p.  186"- 
188") ;  parabutvl.toluene(b.p.  17ti°-17S°)(Kelbe, 
Ber.  13.  888,  1157;  Annalen.  210,  1  ;  Ber.  14, 
1240 ;  ibid.  15, 308) ;  dipentine,  CuUi,  (Tihlen. 
Und.  18,  1604)  together  with  a  relatively  largo 

(\H,,  (103"-10n. 


of  oil.  Wat] 
comes  oven 

crude  nil 


pmjjortion  of  a  heptlne 

which  has  been  showTi  l)V  Morris  (Chem.  Soc. 
Trans.  1882,  167)  to  l>e  probably  methvl-propyl* 
allene  CHj-CH :C:Cn  r,H..  This  liquid  is  cha- 
racterised liy  giving  a  succession  of  colours 
(yellow,  red.  green,  and  deep  blue)  when  agi t  >  t  >  d 
with  strong  ralphttric  or  hydrochlonc  scid.  In 
the  presence  of  ahr  and  water  it  forms  a  glycol, 
C^tIIi 7(011  which  crystallises  with  one  mole- 
cule of  water  in  the  form  of  lon^  slender  prisms, 
which  are  frequently  to  be  seen  m  old  samples  of 
resin  spirit. 

Hesin  oil  consists  of  a  mixture  of  abietic 
acid  <\,Hj,()j  (Easterfield  and  Bagley  •  Alaoh) 
or  CjoHnoOj  (I>evy;  Koritschoner;  Ijahrion ; 
Vaster  berg),  v.  .-Xbietic  acid,  and  *iiall  quantities 
of  phenols  with  a  mixture  of  hydrocarbons 
(^10^1  «)n  'b.p.  above  360"),  including  abietene 
(CisH,„  b.p.  about  260*)  m  tdopkSne,  which 
oonstitutea  about  three-fourths  of  the  whole. 

  W.  A.  T. 

I      BBSOFHTSALDI.  Flvonteein  v,  TsirBXNn. 

METHANE  COT.OUMKO  MATTEBS. 

RESORCIN.   Reaorcinol  v.  Phenol  akd  its 

nOMOLOOUESi. 

i     RESORCIN  BLUE  v.  Ozazime  coLOUBiNa 

I  KATraBS. 

RESORCIN  BROWN.  The  sodium  salt  of 
I  xylidiu-azo-sulphanilic-axo-rcsorciu.     A  brown 
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powder,  soliiVilo  in  water  and  sulphuric  acid, 
lormiog  brouTi  sohition.  DycB  wool  brown  in 
mn  acid  bath. 

RESORGIM  YELLOW      Amo-  oovauaata 

RESORCINOFORM  is  an  amorphous  currant 
rod  powder  prepared  by  dissolving  110  grins,  of 
reeordnol  in  abbot  100  grms.  of  formaldehyde 

solution.  SufTicient  hydrochloric  acid  in  then 
added  to  cause  precipitation,  the  mixlure.  uhich 
tanu  ^nk,  being  kept  w*'ll  stirred.  It  is  then 
drained  on  a  filter  ftiid  dried  at  25°.  lU'sorcino- 
forw  ifi  said  to  it>e  au  active  autiscptic  for  medi- 
cinal use  (Bbntauil,  J.  8oo.  Chenu  Ind.  1909, 
642).   ^ 

RESOROnfOUERZEnf  ff.  AvBor. 

a-  AND      RE80BCTUC  ACIDS  «.  Pbovo- 

CATWaroiC  ACID, 

REBOBBWUiv,  Oxazike  coLouBrKO  matters. 

RETENE  or  8-Methyl-2-woPropylphe- 
nanthrene  C,,IIi,  (Bucher,  J.  Amor.  Chem. 
See.  1910,  32,  374;  Lux,  Monatsh.  1908, 
29,  763:  ibid.  1910,  31,  939;  Ber.  1910,  43, 
688),  occurs  in  high  boiling  tar  oils  derived  from 
rcsinou.-i  pine-wood,  and  t'urnis  a  faintly  yellow, 
glitteriug,  crystalline  powder,  which  melts  to  a 
yellowml  at  Sfrff*,  h.p.  894*.  Ifc can  be  melted 
toeether  with  different  oils,  fats,  and  hydro- 
carbons, and  raises  or  lowers  their  uv«king-point 
seoofdingly.  It  can  also  be  obtained  by  dis- 
tilling resin  oil  or  abieteno  with  sulphur.  Rotene 
reacts  with  sulphur.  >ielding  a  compound,  m.p. 
Ht)"  (E\.'>terlield  and  jiaLdey.  Chem.  Soc.  Trans. 
1804,  1247).  When  heated  with  hydrogen  in 
the  presenoe  of  nioltBY  oxide,  the  dod»o«h3rdrace' 
tene  0,,H:,n.  b.p.  336*,  is  first  obtained,  then  the 
p©rhyarorot«nc  C,  JFj,,  b.p.  SOO^-SIS",  which  is 
notimofcical  with  lielitcUite  as  had  been  formerly 
supposed  (Ipaticflt.  B«r.  1909.  42,  2092 ;  Lieber- 
mann  and  Spiegel,  ibid.  1889,  22,  779). 

Bromo  derivatives  of  rotene  and  of  retcnc 
quinone*  m.p.  197*,  have  been  obtained  (Schellcr 
and  HeidiMohkii,  Areh.  Pharm.  1910,  248,  89). 

The  fosnil  resin  of  tlic  co!  i''  -  rn,  as  found  in 
Switzerland,  Bavaria,  and  J>enniark,  contains 
retene  M  its  princip  il  eonstituent.  It  appears, 
indeed,  very  probable  that  the  hydrocarbon  is 
in  every  case  derived  from  the  coniferse ;  v. 
Elutrand,  Annalen,  1877,  185,76;  E.  T.Boyen, 
J.  Soc.  Chem.  Ind.  1888. 11& 

Further  litertttore  on  tetene  and  it«  deriva- 
tives: Kelho.  Gum.  Zcntr.  1887,  1501;  Ek- 
Btrand,  Bull.  Soc.  chim.  [ii.]  24.  65;  Bamberger 
and  Hooker,  Ber.  1886.  18,  1024.  1750:  Sch- 
witzpr,  Annalen,.  1891,  2CA.  193:  Perrier, 
( Vmipt.  TfTif].  llfi,  1298  ;  Vttkur,  tind.  18!>S.  126. 
1 1  tS ;  Wiedemann,  Ann.  Physik.  189'),  [ii.] 
56.  18;  Bamberger  and  Grob,  Ber.  1901,  34, 
533  :  D.  R.  P. /1 5 1981 :  Hofmann,  Metder  md 
JjH-hfv.  Her.  I'M".  V.h  181. 

RETUf  ASPHALT  v.  Rbsuis. 

RBTmiC  ACID  9.  BosiKS. 

RETINITE  r.  Resfns. 

REXITE.  An  explosive  consist iniz  of  nitro- 
glycerin, 6-5-8-5  parts;  aininonlnm  nitrate, 
64-08  parts;  sodium  nitrate,  13-16  part.*?; 
trinitrotoluene,  6'5-8'5  parts ;  dry  wood  meal, 
3-5  parts. 

BEXOTANv.  SvKiBSTic  d&uos. 

HHAiniBTIir  «.  TmtsiKV'VaaawL, 

RTIAMNINOSE  r.  rvKnonvr) rates. 

RHAMMOSE  v.  Carbohydratss. 


RHATAHY  ROOT.  The  dried  root  of  Km- 
meria  triandra  (Ruiz  ot  Pav.),  Peruvian  rhatany, 
or  K.  UmutrUofa  (St.  Hill.),  Sa vanilla  rhatany. 
The  bark  contains  about  20  p.c.  of  a  kind  of 
tannin.  Is  a  strong  astringent.  Other  species 
of  Kramcria  produce  Para  rhatany  and  Texas 
rhatany,  which  are  aubatituted  for  the  first  two 
kinds.  For  rhatany  red  «.  Grabowdd,  Annalan* 
143,  274. 

RHEADINE  v.  Vegeto -alkaloids. 

RHEONDiE  t'.  ACRIDINB  bYaSTCns. 

RHEOTANNTC  ACID  v.  TannikS. 

RHEUMATI^i.  A  preparation  of  quinine 
used  as  an  anti-rheumatiow  F.  SaUoyuo  ACXS 
and  Synthetic  drugs. 

RHINANTHDf  CmHsjOso.  A  glueoside found 
in  the  .seeds  of  Rhinnnthus  Crista-qalJi (TAim.), or 
yellow  rattle,  and  which  gives  rise  to  the  violet 
colour  oooa«onally  found  in  rye  bread  (Ludwig, 
Zeitflch.  Chem.  fii.l  5,  303;  Arch.  Pharm.  [ii.] 
142,  1991.  It  has  a  nau.«iooudy  bilter-awect 
taf  i  r.  ii  1   r    ■  lUises  in  prisms. 

RHODEINE.  A  l^drocarbon  nC,oH.,  ob- 
tained from  rosewood  oil  (Gladstone,  Chem. 
Soc.  Trar.^,   i!,]  10,  3). 

RHODEOSE  V.  Oarbohtdkatss. 

SHODnOL  C,oH,»0, 

Me,C:CHCHjCH,CHMeC!Ht*CH,OH 
a  priipary  alcohol,  is  the  odorous  conftittient 
of  otto  or  oil  of  roses.  It  is  contained  ui  Tur- 
kish and  (ierrnan  rose  oils,  in  Pelargonium 
odoratissimum  and  is  also  said  to  occur  in  the 
following  essential  oils:  ginger  grass,  lemon, 
Turkish  palmarosa  and  neroli  (Elrdnann  and 
Huth,  J.  pr.  Chem.  1897,  66,  27). 

Preparation.  The  impure  rhodinol  olltained 
by  fraetionatinp  ji;eraniurn  oil  frnm  Prfnrgovinm 
odoratissiumtn  is  converted  into  the  acetyl 
derivative  by  hen  ting  it  •with  acetic  anhvdrido 
for Staouiaat  140O-146^  The prodaetis cooled, 
washed  irifh  aqueous  alkali,  then  vith  pure 
water  and  distilled  in  vacuo.  Tlie  aei  tyl 
ester  distilling  at  127M^2^  is  then  saponiiied 
by  solution  in  alcohol  and  treatment  with  an 
equiniolecular  qnnntity  of  potaph.  It  is  now 
allowed  to  stand  ft>r  an  hour,  after  which  the 
alcohol  is  distilled  off  under  diminishe<l  pressure  ; 
the  re,<)idue  is  washed  with  water,  filtered  and 
distille<l  in  vacud,  the  fraction  coming  over  at 
120»-I25'',  hvmsi  eoll  ;  ■  (D.  J^.  P.  80007; 
Monnct  and  Barbier,  Compt.  rend.  1893,  11 7, 
1092).  Rhodinol  can  also  be  prepared  by 
treatinp  rhodinyl  phthalato  with  sodium  chloride, 
hydrolybuig  the  resulting  sodium  salt  with  au 
alkali  and  distilling  the  rho<linol  formed  in 
steam  (Erdmann,  J.  pr.  Chem.  1897,  [ii.]  56.  1) ; 
or  by  treatinjr  ethyl  rhodinate  (obtained  from 
s\'nthetieal  L'eranic  acid)  with  .'■odiiii-i  ethoxide 
(BouvcaiUt  and  Gourmand,  Compt.  read.  1904, 
138,  1699).  In  the  latter  case,  the  ihodinol 
formc<l  is  raremir,  hut  i.4  otherwise  identical 
with  the  natural  prtxluct. 

Properties.  PdrndiiKd  is  a  colourless,  oily 
liquid.  b.p.  110-.')  lir  10  mm.,8p.  pr.  0-8812  at 
1674*  (Erdmann,  Her.  1898,  31.  356).  b.p. 
126'6716  mm.,  sj.  <:r.  0-8956  at  0»/0"  (Bnrl.ier. 
Oompt.  rend.  1893,^  117,  177),  sp.  gr.  0-^31 
at  0«/0*>  (Barbier  and  Bonveault,  «&til.  1890, 
539),  «p  2*'  34'  at  17°.    It  is  an  i^omerido  of 

licareol  and  {rrruTiiol,  hut  it  ha.-'  nlao  boejj 
regarded  as  identical  with  the  iatt»-r  and  with 
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/•citroncUol  (Bertram  aiul  GiWomeister,  J.  pr. 
Chem.  [u.]  49,285;  t6i<i.  189G,  [ii.]63, 225;  ibid. 
18»7,  [li.]  56,  606;  Ber.  1898,  31,  749;  Poleck, 
thid.  29;  J.  pr.  Chem.  1897.  [ii.]  n^i.  515; 
Enlmann  and  Huth,  ibid.  1896.  [ii.]  53,  42  ; 
Schimmel,  Chom.  Zentr.  1898,  i.  268). 

Rhodinol  is  probably  identical  with  xenniol 
(Hesse,  J.  pr.  Cbenu  1896,  [ii.]  63, 238 ;  EidmHin 
and  lliith,  l^),  Imt  not  vith  genniol  or  {- 
citroncUol. 

Rhodinol  oombincs  with  bromine  to  form  a 

t<»trabromide  and  vritli  cldnrinc  to  form  a  di- 
ohloride  (Monnet  and  liarbit  r.  I.e. ;  ilckart, 
Aveb.  Pbnrm.  1229,  355) ;  from  the  latter,  a 
terpene,  b.p.  177°-178''  has  been  obtained. 
When  one  drop  of  rhodinol  is  diluted  with  6  cc 
(if  ak-oliul  and  10  cc.  of  conc-^'iitrat^-d  sulphuric 
acid  is  then  poured  in,  tbe  acid  sinks  and  b^jomes 
of  an  intense  onuige  oolour.  On  gentle  shakinf  , 
the  surface  of  contact  of  the  two  liquids  asRumrs 


with  so<liura  chloride  and  treated  at  a  dull  r« d 
heat  with  a  current  of  chlorine.  The  product  i» 
taken  up  with  water,  nitric  add  ia  added 
to  transform  the  iridium  sppquichloride  into 
iridium  chloride,  which  is  removed  by  precipita- 
tion with  ninmonium  chloride.  The  solutitin 
contains  the  double  chloride  of  rhodium  and 
amnumium,  which  may  be  purified  by  repeftterl 
reciystalUMtioa  (CSaua,  J,  pr.  CSiem.  1846, 
34,  173). 

Rhodium  may  alao  be  isolated  by  melting 

the  metallic  precipitate  contninirifr  it  •with  !  part 
of  lead  and  2  of  lithargi'.  The  lead  is  then 
removed  ^nth  nitric  acid,  and  the  residue  in 
treated  wth  sodium  chloride  and  chlorine. 
ITie  mass  is  taken  up  with  crater,  and  iridium  in 
removetl  as  above.  The  residue  ii  evaijorated  to 
dryneee  to  remove  excess  of  ammonium  chloride, 
after  whieh  the  nwra  is  warmed  with  3-4  parts 
of  sulphur.    On  cooling  it  is  treated  with  aqua 


a  reddish- violet  colour.  Linalool  gives  a  similar  j  regia  and  concentrated  sulphuric  acid,  which  di.s 
reaction,  but  the  colour  rapidly  toms  brown;  solves  the  rhodium.  The  rhodium  so  obtained  is 
citroncllol  under  the  same  conditions,  ffives  a  again  suhjeefed  (o  the  jirnrf^  as  above  described, 
feeble  colouration  of  a  bluish  tint  (Eramann,  ■  an<l  is  hnall^y  converted  into  chloropentamraine 
J.  pr.  Chem.  1897,  [ii.]  56.  1).    When  oxidised,   rhodium   chloride,   which    may    be  ol>tained 


rhodinol  yields;  (1)  au  aldehyde,  rhodinol 
C,aH,,0.  mixed  with  menthone,  b.p.  of  mixture 
93*-95V10  mm.    Rhodinal  does  not  combine 


pure  by  oonversion  into  its  xantho  salt  or  ita 
nitrate,  and  reooarerting  into  the  chloropentam- 

mine.    The  latter  -when  reduced  wth  livdmLren, 


with  sodium  bisulphite,  but  yieldu  an  oxiiue,  \  j.'ields  pure  rhodium,  which  nhould  be  cooled  iu 

b.p.  13i)°-135"'/10  mm.  and  a  *tcmi-carbazone,  *   ~ 

m  TV  n  5°  ( Barbier  and  Bouveault,  Compt.  rend. 

1 22,  o2U,  737  ;  Bouveaidt,  Bull.  Soc.  chim. 
1900,  [ii.]  23,  468,  463).  (  2)  Dimethyl  acetone  ; 
(3)  /i.metbyl  adipio  acid.    (4)  Rhodinolic  acid  or 


rhoiin^ierhodiiuUe(:^Ji:,^0^,  b.p.  190VI0mm. 

(5)  Valerie  and  possiblv  utiier  aeids  (Barbier 
and  Bouveauit,  (.bmpt."  rend.  1894.  U9.  334  : 
ibid.  1896.  122,  673  ;  Barbier,  I.e.:  Eckart,  I.e.). 

The  rhodinol  (Mcra  formed  the  action  of 
acid  chlorides  on  rhodinol  in  the  presence  of 
anhydrous  pyridine,  are  liquids  the  odours  of 
which  decrease  With  increasing  moleoular  weisht 


a  current  of  carbon  dioxide  (Jorgensen,  Zeitsi^ 

anorgr.  Chem.  1903.  34.  82). 

>(umerou.s  nioditicatiuna  of  these  processes 
have  been  described  (Gibbs.  J.  pr.  Chem.  1865. 
ri.]94,  10  ;  lica,  ibid.  95,  351 ;  Schneider.  Anna- 
len,  1867.  Suppl.  5,  261,  amongst  others). 

Rhodium  a  hard,  whitf  metal,  ductile  and 
malleable  at  a  re<l  heat.  It  has  a  sp.gr.  of  1 2- 1 . 
fuses  at  about  1970^  and,  when  pure,  in  in.solubic 
in  arpta  rfjiria, althoui^h  it  i.t;  attacked  by  chl  iriTf 
and  sulphur.  It  has  the  .same  powr  as  plulniuni 
as  a  catalyst,  hot  hM  not  been  commercially 
appli(Hl  to  t  hat  purpoee.   Its  principal  use  is  in 


(Erdmann,  Ber.  1^8,31.366;  see  also  Charahot  !  the  preparation  of  the  thermo-couples  for  pyW). 
and  Hebert.  Bull.  Soc.  chim.  [31  13.  405).  meters,  but  its  employ  men  1  bir  the  manufacture 

RhodinU  opianatc,  m.p.  48*6''     obtained  by  .  of  crucibles  is  liicely  to  increase  (J.  Ind.  Eng. 


heating  rhodinol  with  optanic  aeld  at  130"-136' 

(Erdtnann). 

JVitxlinul  sunicarbazone  has  m.p.  112",  the 
pyruvaie,  b.p.  I€i^/IQ  mm.  (Bottveaiilt  and 
Gourmand,  l.e.). 

For  other  rhodinol  derivatives  see  Edcart, 
I.e. ;  Enhnann,  I.e. ;  Erdmann  and  Tluth,  I.e. 

Rhodinol  is  chieflv  employed  in  perfumery 
(Pfister,  Chem.  Zeit.  1897,  38). 

RHODIUM.  Sym.  Rh.  At.ut.  in2-9.  rih-ulium 
Li  contained  in  all  native  platinum  and  la  the 
niokeliferoiis  copper  ores  of  Sudbury  and  elne. 
where.  It  is  cBstinguLshed  from  the  other 
members  of  the  platinum  grr)up  by  the  rose-red 
colour  of  its  salts,  and  would  In-  of  j^reat  import- 
ance if  obtainable  in  quantity,  on  account  of 
the  faet  that  omcibles  of  rhodium  have  been 
found  to  Tie  practically  Ti'^^hiMil  in  all  reep  et.>' 
fiA  iriilium,  whilst  having  litUc  more  than  halt  the 
8i)ocific  gravity  of  that  metal  (Croofces,  Proc. 
Roy.  Soc,  1908}.  Rho<Uum  is  obtained  from 
the  »)lntion  from  which  platintim  has  been 
precipitated  as  the  double  anirm  imnti  salt  or  u.s 
chloroplatiuate.  The  mother  Liquon;  are  decom- 
posed with  iron,  and  the  resulting  metallic  pre- 
cipitate U  warmed  with  concentrated  nitric  acid, 
then  with  potash,  after  which  the  residue  is  mixed 


CSiem.    1911.   3,   BS4y.   The  thermo-eleotrio 

properties  of  tin-  rhodium-platinum  element  nro 
dii>cus8ed  by  hu.snian  (Amer.  J.  Sci.  191(».  3ti, 
{);  of  rhodium-indium  bv  ]in>nieuski  and 
HaekspiU  (Compt.  rend.  1911.  153,  814).  Its 
salts  have  not  received  any  technical  application. 

(  (illnidal  rhodium  nuiy  be  obtained  in  the 
same  way  as  colloidal  iridium  (G\itbier  and  Hof* 
meier.  J.  pr.  (Them.  1906.  [ii.]  71,  462).  The 
colloidal  metal  colours  a  borax  bead  brown 
(Donau,  Monatsh.  1904.  25,  913). 

BsoniUM  GoifFOUKM. 

Rhodium  monoxide  llhO  i.s  a  grey  f»owder, 
produced  when  the  finely-divided  metal  i.s 
heated  in  air.  or  by  heatin;,'  the  t rihydn>xide. 
It  in  not  attacked  by  acidi«.  but  is  reduced  by 
hydrogen  wth  evolution  of  light.  A  small 
quantity  of  it  added  to  thoria>cerift  mantles  is 
said  to  eonsiderablv  diminish  the  amount  of 
ceri..  n  I  .ir.  I  M_      ,  ,  Clirrii.  ln<!.  1H97.  37). 

Rhodium  sesquioxide  lUijU,  i^.  iormed  as  a 
grey  iridescent  mass  by  heating  the  nitrate,  or 

as  a  cry^talUne  moss  when  vidium  rhodochloride 
is  heated  in  oxygen.  It  is  insoiu  ble  in  acids.  The 
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corroaponding  hydroxide  Kh(OH),  forms  a  heavy 
dark-broMTi  maas  when  dry.  It  ia  almost  in- 
><)luijlc  in  acids,  and  may  i  n  ItTained  by  heat- 
ing »  flolutioa  of  sodium  rhodocUodde  with 
exoesfl  of  esnstio  poteah.  If  the  potash  is  not 
in  excH-ss,  llic  solution  on  standing  dopoaits  thin 
yellow  crytitttk  of  the  hydrate  Rh(OH),,H,0, 
which  is  soluble  in  aoid.  and,  when  freshly  pre- 
pare^l.  m  alknlis.  If  chlorine  be  passed  throuch 
the  alkttlino  solution  of  the  yellow  salt,  the 
colour  changes  from  yellow  to  red,  then  a  green 
precdpttate  k  formed,  which  diioolvea  to  a  deep- 
Uue  solution,  probably  owing  to  tiie'formRtion 
of  the  frr-rh':<!<!l-  Na.RhO,  (Alvart'7.  ('(ini])t. 
rood.  I90o,  140,  1^1).  Thu  rhodium  a&iXM  are 
deriTsd  from  this  oskw ;  they  are  of  a  datrk  rod 
or  yellow  colour,  and  have  a  bittt-r  tfi'^^tf^. 

Rhodium  dioxide  lliiO»,  wIulIi  closily 
resembles  the  sesquioxide,  is  obtained  by 
repeated  ftuuon  with  oaustio  potash  and  potas- 
frium  nitrate.  The  oorrespondrng  tetnhydroxidc 
Rh(0n)4  ih  formed  by  the  action  of  chlorine  on 
the  trihydroxide.  It  foruui  a  tfreen  powder 
which  yields  a  blue  solution  in  hydrochloric  acid, 
the  colour  gradually  changing  to  red  with  evoiu- 
tion  of  chlorine. 

Rhodium  trichloride  RhCl,  may  be  obUined 
by  igniting  tha  metal  in  chlorine^  or  from  the 
emde  doable  ehloride  ItiiC!l,<3NaCI  (formed  by 
(he  action  of  chlorine-  on  the  metal  in  the 
prescn<»  of  sodium  chloride)  hy  saturating  its 
aqneoiis  solution  vnih  hydrogen  chloride,  thus 
precipitating  the  sodium  chloride,  then  evaporat- 
ing the  residue  in  a  current  of  chlorine  (Leidi^, 
Oompt.  rend.  189ft.  129.  1249).  It  ma^  also  be 
obtamed  by  evaporating  the  tetroxide  with 
hydrochloric  acid  (Gutbier  and  Trenkner,  Zeitsch. 
anorg.  ('hem.  4"),   KU]),  and  l)y  other 

mctlKKls.  Its  colour  and  properties  depend  on 
its  mode  of  preparation.  It  forme  a  large  number 
of  well -crystallised  rhoitochlnridcx  or  chJoro- 
rhodiUs  of  the  type  M,RbCl„a;HjO  and  a,ho 
M,Rha„xHtO  (Gutbier  and  Trenkner.  I.e. ; 
Gutbier  and  Hfittingpr.  £er.  1908.  41,  210). 

The  tribromide  and  iodide  and  their  doubk- 
salts  have  also  been  prepared  («fe  above  refer- 
ences and  Ciokmbkine,  BulL  Soc.  chim.  1910, 
[ii.]  24.  388). 

Rhodium  monosulphida  RhS,  a  blui.sh-white 
mass  with  a  metallic  lui>tre,  is  obtained  by  heat- 
ing the  metal  in  sulphur,  or  by  passing'  sulphur- 
etted hvdrogen  through  a  solution  of  a  rhodium 
salt,  ii  the  latter  process  is  canietl  out  at 
I<M)^  the  hvdroeulphide  Rh(SH),  is  formed 
(Leidi6,  Uompt.  rond.  1888,  106,  lfi33). 

The  sesquisvlphide  RhgS,  forms  black  oryiital- 
line  plates  protluml  by  treating  t)  li;  !il  ri  lr 
with  sulphuretted  hydrogen  at  360".  Rhodium 
nIplHtt  Rh,(804)3  and  the  sulphite  IUi,(SOa)t 
have  also  been  obtaine<1. 

Rhodium  forms  alums  with  tlio  alkali  metals, 
of  the  type  M,S04,Rh,(S04)3,2  tH  ,0  (Piccini  and 
Marino,  Zeitsch.  anorg.  Cbenu  1901,  27,  02). 

Niodhim  forms  several  series  of  anunoniacal 
dstivn* i\-r -.  (if  ',riiir!i  the  three  chi^aie: 

Hexammine  salts  (buteo  salts) 
[RMNH^i.jXj. 

A^inpentammine  (Hoseo  salts) 
[KhH,o(\H,),|X,. 

Pentammine  (rurpureu  .^aUji) 
[RhX(NH,),lX^ 


where  X  is  a  negative  radical.  These 
resemble  the  correspondine  cobalt  f<alts. 

Rhodium  nitrate  Kh(N()3)j.  nitrite  i;h;  X(  • 
and  its  double  salts,  also  poUuium  thodlcyanlde 
K|[Rh(CN),].  axe  faiown  (Lridi6,  Compt.  rend. 
189C).  111.  lOfi;  1900,  130.  R7).  Z.  K 

RUODIZONIC  ACID  v.  Kistones. 
RHODOCHROSITE.     or  Hanganese-spar. 

Native  manganese  carbonate  MnCO^  (47-7  p.e. 
manganese),  orj^stallising  in  the  rhombohedral 
system  and  isomorphoos  with  ealoite.  Ita 
characteristic  colour  is  rose-rtd,  hence  the  name 
rhodochrosite  (not  rbodochruisite),  from  ^6io- 
X/>wi ;  another  name  in  common  use  is  dialogite 
— oft«>n  misspelt  'diallogite.*  Occasionally  the 
colour  is  yelluwish-grey  or  browii,  due  tu  the 
presence  of  iron  ;  calcium,  magnesium,  zinc,  or 
cobalt  may  also  be  present  isomoiphoutly  re* 
placing  manganese.  vVith  these  variatfons  in 
composition  the  .'<p.pr.  range-  fn m  to  3-(l. 
In  appearance,  rhodochrosite  somewhat  re- 
sembles rhodonite  iq.v.),  from  which  it  may  be 
readily  distinguished  by  its  inferior  hardness 
(H.=4)  ami  by  the  fact  that  it  effervc8C€»  in 
warm  hydroohlorio  acid.  The  mineral  usually 
ocours  as  granular  or  sparry  masses  showing  a 
perfsot  rhombohedral  ouavage,  but  oeeasionally 
crystals  are  found.  These  often  have  tlie  form 
of  rhombohcdra  with  ciurvcd  faces,  bmail  clear 
crystals  of  soalenohedial  habit  are  found  in 
cavities  inlimonito  near  Horlmi  i  n  in  Rhenish 
Prussia;  anci  magnifioent  rhomludiedra  asso- 
ciated with  iron-pyrites  come  from  Alicante,  in 
Lake  Co.,  and  other  localities  in  Cblorado. 

Rhodochrosite  occurs  in  mineral-veins,  to- 
gether \u  Vi  ores  of  lend  and  silver;  and  as 
veins  and  be<l8  in  limestone.  The  most  im- 
portant deposit  is  thi^  worked  in  limestone  at 
Ln3  Cabes.ses  mine  (dep.  Ari^gc)  in  the  PjTcnecs, 
the  output  amounting  to  about  (iUOO  tons  per 
annum.  It  is  also  mined  near  Viellc  Aure  (dep. 
Hautes-Pyr^necs),  occurring  here  also  in  lime- 
stone and  intimately  intermixed  with  rhodonite 
and  other  manganese  silicates.  It  is  used  for 
the  manufacture  of  ferromanganese  and  spiegel. 
eisen.  When  oeonrring  with  silver  ores,  m  in 
Colorado,  it  i     f  value  as  a  flux.       L.  J.  S. 

SHODODENDRIM.  A  glucoside  C|^H„0^ 
found  in  the  leaves  of  JSkodoSbidiroiieAtyMiitmicm 

(Pi^ll  V  It  is  soluble  in  water,  haa  a  bitter 
taste,  and  melts  at  187^ 

RHODODBNDROIt  C,oH,  0  ,  a  camphor* 

like  decomposition  prodnet  of  rhododendrin, 
forms  long  colourle."*  needles  meltmg  at  80°  and 
subliming  without  decomposition  (ArolmageldD, 
Chf»m.  Zentr.  1901,  [ii.]  694). 

RHODONITE.  Native  manganese  mota- 
silicate,  MnHiO:,,  crystallising  in  the  anorthic 
system  and  belonuing  to  the  p\Toxenp  group  of 
minerals.  (Another  native  luangancist:  silicate 
is  the  orthosilicatc,  Mn^SiO^,  called  tephroite 
and  belonging  to  the  olivine  group ;  and  several 
other  mineral  silicates  contain  manganese  in 
combination  with  other  metallic  l)ns(  s.) 

Rhorlonite,  so  named  from  ^6iov,  a  rose,  is 
typical  I  s-  of  a  rose-red  colour,  and  usually  forms 
granular  to  compact  ma^jses,  with  .sp.pr.  3"5-3-6 
and  hardne,s.s  t>.  Such  material  is  of  value, 
when  cut  and  polished,  for  ornamental  purpf>ses. 
The  best  quality  ia  that  quarried  in  black  clay- 
alates  at  8aeddiiikova,iiear  Ekaterinburg  on  the 
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cast«m  slopes  of  thu  UruL'.  liouldcrs  of  similar 
material  an  found  noar  Cummiiigton  in  Massa- 
chusetts ;  and  small  blocks  have  been  obtained 
in  the  Treburland  manganese  mine  near  Lauuces- 
ton  in  Cornwall.  The  invariable  presence  of 
veins  and  spUwhes  ol  black  manganese  oxide 
(piodaoed  by  the  twrtial  altei«ti(in  of  the 
material)  form  a  pleasing  OOOteMlt  With  the 
lioh  roae-rod  oolour  of  the  polished  stone. 
Small  brilliant  eryatals  of  rhodonite  arc  found 
in  thf»  manganese  mino?!  af  Filipstad  in  Sui  di  n; 
and  large  rough  cryataU  (ul  a  zmcifcrous  varit  t^ 
called  fowlerite)  arc  known  from  the  zinc  mines 
at  Franklin  Fumaoe  in  New  Jeise^.  In  the 
Pyrenees  compaet  masses  of  rhodonite  intimately 
iiitormixed  with  other  inan^uicst'  silica! cs  and 
with  rhodochrositc  from  beds  in  limestone  •  this 
material  is  mined  (about  6000  tons  per  annum) 
at  Virile  Aurr  ff\op.  Hautes-Pyr^nees)  for  the 
manufaclurc  ot  ft  rtomanganesc  and  spiegcleiscn. 
Rhodonito  is  abo  used  to  a  limited  extent  in 
pottecy  glaiing  and  as  a  flux  in  smelting. 

RHCEADIim,  BHBADm,   «.  Vaono. 

ALKALOIDS. 

RRUBAia,  JOettm  ojgMnak  (BailL),  and 

oHht  H]xci(  s,  A  plant  prn\n^  in  the  East  for 
the  sake  of  its  riiiaxmie,  which  m  used  in  medicine 
(«.  BonBABB  boot),  in  temperate  climates  for 
the  yoTiris  ptemn  which  are  used  for  table  pur- 
poses. Aoconling  to  Kouig,  the  following  figures 
show  the  aversge  composition  of  the  edible 
sterns^ 

Other 

Pro-  N-free  Hrude 

Water  teln  Fat  Sugar  t-ubflt.  iibru  Aih 
Tnrro  sticks  9.5-2  0-5  0  0  0-3  2-2  0  0  0-6 
bmall  sticks  93-8  0-5  0-6  0-1  3-8  0-6  0-7 
Thelar^'c  stic  ki  contained  1-09  p.c.  oxalic  acid  ; 
the  small,  0-5  p.c.  According  to  Castoro  (Landw. 
Versuohs.  Stat.  1902.  66,  A2^),  malio  aoid  is  also 
present  in  the  8toms»  Calcium  oxabte  is  found 
m  the  stems. 

Quantities  of  rhubarb  are  grown  in  the 
neipti'xturlionil  of  hr;re  towns,  finding  a  large 
sale  HS  a  substitut'e  tor  fruit,  especially  in 
the  spring  and  earlv  summer.  Much  of  the 
rhubarb  is  'fcrcpd'  by  being  grown  with  the 
aid  of  heat,  ami  is  partially  etiolated  by  whole 
or  partial  exclusion  of  liL'lit.  Iti  t\u-  o]>cn. 
crops  up  to  40  or  50  tons  per  acre  of 
'snoks,'  can  be  grown  b7  Uberal  nitrogenous 
manurii)2  (r.  Dvcr  and  Shrivell.  Jniir.  Roynl 
Hort.  Soc.  1903,  27,  p^rt  4).  The  quality  of 
the  productf  especially  its  tenderness  and 
succnlf^nce.  is  groatly  enhanced  by  the  use  of 
sodium  nitrate.  When  rhubarb  is  '  forced  '  by 
<ligiring  up  the  roots,  keeping  th<'ni  in  the  cold 
until  about  Christmas  and  then  placing  them  in 
darkened  houses  icept  at  about  60^-05^  much 
earlier  and  larger  growth  can  Ik  sccure<l  by  first 
exposing  the  roots  to  ether  vapour  (10  o.c.  ether 
per  cubic  foot  of  air)  for  48  hours,  before  pl  ic  ing 
m  the  hothou»(>  (Stuart,  Hep,  Vermont.  Agrio. 
Expt.  Stat.  1903-1904,  442). 

Rhubarb  juice  is  iised  in  the  manufacture 
of  a  nine.  Aooonling  to  Otto  (Bied.  Zentr.  iS9&, 
128),  a  sample  of  tiie  latter  contains  in  grams 
per  100  C.C. : 

OxaUc  fp.er. 
Extract  Alcobol   Ai  i<l   GIvrr-nl  ai  id     A'^h     at  l.'i^ 
2-412     3-94  0-74«  0^7  0  0ti7  0  397  10005 

H.  L 


RHUBARB  RESIN  v.  KnuBAnn-EooT. 

RHUBARB-ROOT  {Itheum  ;  Jihubarbe,  Ft.  ; 
Rhiih(irher,QeT.),  The  root  of  Jifuumpalmalum 
(Limi.),  Rheum  officinaU  (li-uilou),  uuJ  fx>t>i!ibly 
other  allied  species,  all  inhabitants  of  Contr&I 
Asia,  for  botanical  characters  v.  Bentl.  a. 
Trim.  213,  214;  Fludt.  a.  Hanb.  491; 
P<  r.  ira  (Mat.  M.d.  1R50,  2,  1343);  also  FlQo- 
kiger  (Ncuos  liep.  Pharm.  25,  1),  and  Baillon 
(Pbarm.  J.  [iii.]  3,  301).  Attempts  ha\i'  U'vn 
iiiaili-  from  time  t<  tiirj  ■  to  cultivate  the  ofllicial 
rhutiailj  plants  in  i-^uiupt'  which  have  been  at- 
tended with  a  certain  amount  of  success.  Other 
allied  siiecies  have  also  been  grown.  These 
have  supplied  the  nwrlmt  with  substitutes  for 
the  Chinese  drut:.  The  most  imp<jrtant  are 
J2.  Jthaponticum  (Linn.),  cultivated  for  a 
oentury  in  the  neighbourhood  of  Banbur\%  and 
the  same  spooies,  tngetlur  with  B.  palinatum 
(Linn.),  M.  undulaium  (Linn.),  and  Ji.  coinpacium 
(Linn.),  iriiioh  are  grown  in  Prance  and  Ger> 
many.  The  comparative  vklue  of  English 
rhubarb  has  been  studied  by  H.  Senier  (Pbarm.* 
J.  [iii.l  S.  444)  and  Klbunie  (i"6('</.  [in.]  1.'),  130}. 

Hhul)arb  has  been  known  from  the  very 
earliest  times  as  a  mild  purgative  and  stomachie. 
Not  only  was  its  value  appreciated  by  Diosoorides 
but  in  China  its  history  goes  back  to  the  reign  of 
the  Emperor  Shcn-Ntang,  B.C.  2700.  With  the 
advent  of  chemical  inquiry  at  the  beginning 
of  this  century  the  composition  of  rhubarb  was 
studied  by  numerous  iiivestipator^.  Of  their 
results  a  summary  is  given  by  Percira  (Mat. 
Med.,  I8S0.  2, 13»K  hut.  with  the  exception  of 
the  idititifk ation  of  constituents  whicli  are 
common  tu  most  plants,  this  early  work  onlv 
resulted  in  the  preparation  of  active  but  oheau- 
oally  indefinite  extractive*. 

The  lirht  chi-mical  investigation  to  give  de. 
finite  results  of  ph>*8iologic<i  1  inifKiriance  M-as 
that  of  Scydssberger  and  Dopping  (Ann&lea, 

213).  These  obeervm  isolated  dtrysi^hafde 
ar.id,  a  yellow  crystalline  colouring  airent  uhich 
had  already  been  foutui  in  the  wall-lichen  by 
Rochleder  and  Hcldt  (ibid.  48,  12),  and  which 
Liebermann  {thid.  1S3.  1451  has  shovm  to  be  a 
dcrivativeof  anthraquuione,  Chrysophanicacid 
has  also  b  eti  obtained  from  Squamaria  deqans 
(Thomson,  ibid.  53.  260),  Humw  obtusiMiu* 
(Linn.)  (Thann,  ibid.  107,  824),  Rumea;  BeUoni' 
anus  (Meissner)  (Tntin  and  CK  wer,  Cheni.  Soc. 
Trans.  97,  1).  and  from  senna,  CVmta  acuit/olia 
(Delile).  and  C.  anguxtifolia  (Vahl).  De  la  Rue 
and  Mfiller  fChera.  Soc.  ilem.  10,298)  discovered 
another  crystalline  colouring  matter  of  a  darker 
r<?d-orange  culour,  tmodin.  This  compound  has 
alxo  been  found  iu  the  barli  of  Bhamntta  Pwshi' 
ana  (De  Cand.),  Cateara  Sagtoda,  and  ot  Sham- 
nu.t  Frarujula  (I.inn.).  Acconling  to  Kublv 
(Pharm.  Zeit.  6.  003  ;  24,  193;  Pharm.  J.  [iii.] 
16.  05)  ohrymphanio  acid  does  not  exist  to  any 
I  [>]>i  I  iiiMi  rxtent  in  rhubarb  root,  but  is  pro- 
duced l<y  Uui  Jermontation,  in  presence  of  water, 
of  a  glucof*i«le  rhn/^ophan.  This  view  is  con- 
firmed by  Drageudorff  {ibid.  [iii. J  8,  826). 

Many  subf?tanee«  hav6  beicn  isolated  from 
rhubarb  by  different  workers.  Mi  t  of  thc-se, 
however,  are  probably  mixtures,  and  different 
names  have  been  given  to  subsUmoes  according 
to  the  state  of  purify  in  whieh  tVirv  hwr  ]»  ,  u 
isolated.  Among  the  more  recent  workers  on 
this  subject  are  Hesse  (Annalen,       191 ;  30». 
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32  ;  J.  pr.  Chem.  [ii.]  77,  32,  383) ;  Tschirch  and 
CO- workers  (Arch.  PbArm.  240,  506  ;  243.  443  ; 
245, 139;  Chem.  Zentr.  11MJ4.  i.  1077 ;  1906.  ii. 
144);  Uiltjon  (Cynii.t.  rend.  I3H,  385). 

Among  other  subatAncos,  Chincije  rhubarb 
ecmtftina  chrywpbanic  acid  aasociatcd  with  a 
oompound  stated  by  Heaae  to  be  methylchxyao- 
phanio  acid,  but  tHiioh  is  now  kno'wn  to  be 
tm^ylin  monwnethyleiher  (Oesterle  and  .Tc^hann, 
Arch.  Pharm.  248, 476) ;  tmodin  which  i»  identical 
with  the  emodin  obtained  from  franguia ;  and 
rUin CjsHioO,.  m.p.  312°-3 1 0°.  B.Ehaponttnun 
contains  rhaponttn  {riuijMiUiein)  C\,H,40,, 
in.pi.  231**,  with  compounds  similar  to  thoae 
fotuid  in  Chinese  rhubarb,  but  rhein  «nd  emodin 
are  not  present.  From  Jt.  patmatvmt  there  have 
been  iM»iiitt'd  emodin,  i'to-rtnudin  (rhabaH>tro}ie), 
and  rhein,  and  from  Jt.  officinale  (Baillon)  the 
•ame  eompounds  with  the  exoeption  of  emodin. 

An  examination  of  Shensi  rhubarb  has 
been  nuule  by  Tutio  and  Clewer  (Cliem. 
jBoe.  Trans.  99,  946).  An  alcoholic  extract  of 
the  drug,  when  distilled  with  steam,  yielded 
small  amounts  of  palmitic  and  chrysopbanic 
acul^  to<i;tthLT  witli  a  hcxoic  acid  and  .some 
essential  oiL  The  portion  of  the  extract  which 
was  solnUe  in  water  yielded  dimanto  and  gallic 
acids,  rhein,  emodin,  aloe-emodin .  rnodin 
monomethyl  ether,  chrysopbanic  acui  and  a 
new  anthvaqninono  derivative  rheinolic  acid 
m.p.  295'*-297*.  It  yielded  also  a 
crystalline  mixture  of  glucosidcs  of  rhein, 
emodin,  aloe-i'ini»din,  L'inodin-mononirtli\  1-ether 
and  chiyaophauic  acid,  dextrose,  Usvulose, 
taanin,  and  an  amorphous  non-f  lueondie  leein. 
The  r<'siii  on  hydrolysis  j^ave  small  quantities  of 
gallic  aiul  cinnamic  acids,  rheiu,  emodin,  aloe* 
emodin,  emodin -roonometliji^tlier  and  chr>'so- 
phanic  acid  witli  a  new  comiwund  C,  Jfj^O,, 
m.p.  2u(>"',  prolxibly  a  irihi/dro.rydih>/droan(hra' 
cent.  The  portion  of  the  extntct  insoluble  in 
water  yielded  a  trace  of  a  hydrocarbon^  m.p.  64"  ; 
a  ph\'tostcrol  (venisterol),  Ct^H^sO-;  a  mixture 
of  fatty  acids;  rhein,  rheinolic  acid,  cnio<Iin 
aloc-cmodin.  emodin- methyl-ether,  chrysopbauic 
acid. 

Clirysci phanic  acid  is  a  ilih\ droxs'nicthyl- 
aatlixdquuiuue,  but  the  ri;luLi\  e  poaitiuud  of  the 
groups  arc  not  kno^vn  with  certainty.  Emodin 
IS  a  hjrdroaq^chiysopluuuo  acid  whilst  emodin 
noDonetbytetheris  the  ooirreepondmir  methoxy- 
chrysopbanic  atid.  Alr)c-cin  liii  (the  rhabar- 
bcrun  of  Heaso  and  the  t^Kieniodiit  of  Tschirch 
and  Eyken)  is  the  primuy  aloobol  (hydroxy- 
mothyldihydroxyanthrnquinone),  corresponding 
with  cbrysophanio  acui,  whilst  rhein  is  the 
ooitesponding  carbo.xyhL-  acid,  and  may  be 
formed  by  the  oxidation  of  aloe  emodin. 

Of  tiM  anthraqoinono  derivatives  only  aloe- 
emodin  and  ckrysophanic  acid  wi  [•  f  to 
have  any  purgative  action,  the  mixture  uf 
ginoosides  being  quite  inert.  The  oliief  purga- 
tive principlo  lA  tht*  non-glucosidio  resin. 

MiiUor  (Chem.  hoc.  Trans.  99,  907)  fimU  that 
itonharb  also  contains  alizarin. 

A  method  for  tho  valuation  of  riiubarb 
based  on  the  amount  of  chr>-sophanic  acid  that 
(  an  b*'  obtained  from  it  lias  Im  ch  (  xa mined  by 
Tschirch  and  Edner  (Arch.  Pharm.  246,  IfiO). 
They  foond  the  following  percenta^  of  acid 
in  the  different  varieties  of  ihTiVmil..  Canton 
round,  3-9;  Shanghai,  3-8;  Canton  ilat,  3  0; 
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Shensi  flat,  3-0  nnd  2-7;  Shanghai  flat,  2-7; 
Canton  IL,  2-5;  English,  2-0;  French,  1-9; 
Austrian,  1-6. 

For  analysts  of  rhubarb  sec  Drarjiiulorff 
(i'liarm.  J. [iii.]  i>2ti),  H.  (i.  (;rccniah(i6i£/. [di.] 
9.  933),  Elbome  {ibid,  [iii.]  15.  137),  iXessaignes 
( J.  Phairm.  Chim.  [iii.]25,  23),  and  for  inorganic 
oonstttnents  Brandes  (J.  1863,  681),  Tip  (J. 
1854,  057), and  Btjni (Pharm.  Post.  1888,51).  Fop 
rhubarb- testing  see  Maisch  (Amor.  J.  Pharm. 
43,  269),  Howie  (Trans.  Brit.  Pharm.  Conf.  1873, 
502),  Hudson  (Union  Pharm.  16,  99).  H.  G. 
CirtH  iiish  (i'liarni.  .J.^iii.]  9, 8i3),and  Jaworowski 
(J.  Pharui.  (  liiru.  [vi.]  8,  303).  A-  S. 

RICE,  ihyza  aativa  (Linn.).  A  swamp  grass 
which  has  Ix^n  cultivated  in  Asia  from  remote 
ages.  It  i  !  »\v  extensively  j_'ro\vn  in  Japan, 
China,  India,  the  West  Indies,  Central  America 
and  the  Sotitham  United  States.  It  lomra  the 
staple  food  of  a  very  largo  i»roportion  of  the 
human  race,  but  in  chietly  used  in  tho  tropics. 

Many  varieties  are  known,  some  of  which 
have  been  claime<l  as  distinct  species,  fjg. 
O.  motUana.  growing  in  dry  soils  at  nltitudee 
up  to  QoOi)  ft.  ;  O.  oluliimMi,  or  viscous  rice, 
and  O.  prawMx,  or  quick-gruuiug  rice,  which 
mataies  in  about  8  months,  as  against  6  or  A 
nionlhs  required  by  of  her  kinds.  Thegrainwith 
its  adhering  husk  is  imown  as  '  paddy  '  but  the 
rice  imported  into  this  oonntry  has  had  its  oater 
brown  husk  rcmorpd. 

ActiurdiiiK  to  Kouig,  the  average  weight  of 
100  gxains  of  the  thiee  idiief  vaiieticfl  is 

Visroosrioe   Month  rice       Hill  rice 
Unhusked  .  2  672         2-500         2-209  grma. 
Husked    .  2*188        S-ISS        1<908  „ 

while  fJie  <K»mpositioil  of  tho  rioo  with  husk  is — 

Pro-  N-free  Crudo 

Water  t«ln  Fat  extract  fibre  Ash 

Viscous  rioe    .  12*6  fi-1  8*0  73-4  4-6  1-3 

Marsh  rice     .   12-6  6*1  2*0  74'!   4>0  1-2 

Hill  rice        .  12-G   7-7  2-3   74-8    1-7  1*0 

In  various  samples  tho  protein  varies  from 
5  to  10*6  p.c. ;  tho  starch  from  72  to  80  p.c. 
The  tioe  depriTed  of  its  hnsk  contains — 

Pro-        N-Ilree  Crude 

Water  tein  Fat  extract  fibre  Ash 

Japanese        .    Ill    8-5  1-9    760    1-0  1-5 

East  Indian    .   13*0   7-9  0-8   76-8   0*6  0-9 

Amerioan      .  12-2  7*8  0-4  78*9  0-8  0-5 

According  to  Wiley  (Bull.  13  (1898)  UJ3. 
Bcpt.  of  Agriculture.  I  tS2),tlie  following  flgnnB 

rcprcsetit  typical  i>ampk-ii  :— 

Wt.  of  80I. 

lOOgrnis.  Pro-      carbohy-  Crude 

(grim.)  Water  tein  Fat  drstef  fibre  Anh 

Unhullcd.  3  00   10-6  7-5  1-6  67-4    9-«  4-0 

HuUod  .  2-60  12  0  8  0  2  0  78-0  PO  1*0 
HulIcciaTid 

polisheti          12-4  7-5  0-4  78-8     0-4  0-5 

A  large  number  of  samples  from  Burmah, 
Carolina,  India,  Japan,  Java,  Piedmont,  and 
Cochin  China,  examined  by  Balland  (Compt. 
rend.  18U5,  121,  601),  yielded  the  following 
figUTsa; — 

rr(/-        6larch,  Cnide 
W  i^er  telu  Fnt    etc.   Itbre  Afh 
Crude,  Max-        .  13-3  9-1  2-5  76-0  2-4  2-2 
„     Min.        .  11-2  6-2  1-9  73-8  0-9  1-2 
Decorticated,  Max.  IGO  8S  0-7  8M  o  i  0-6 
„         Mui.  10-2  6-6  0-2  75-0  0-2  0*4 

2  P 
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RICE. 


BaiUad  found  the  Midiiy  to  lie  betwaen 
(HKI  and  0*06  in  the  refined  rioe,  between  OCM 

and  0*09  in  the  cnido  rice,  whil.'  the  sugars  Wi-rv. 
O-i^-U-dU  in  the  lormor  and  trura  0*50  to  0-90 
in  the  latter.  Decortioation  greatly  reduces  the 
fat.  nitrogenous  matter,  and  ash,  while  polishing 
still  further  diminisheii  theao  constituents. 

Theproteids  of  rice  (7  p.c)  contain  a  clutonin, 
crtfzentn,  soluble  only  in  dilute  alkau,  about 
0*14  p.c.  of  a  globulin  and  0*04  p.c.  of  an  albumin 
(Rosenheim  and  Kajiura,  IVoc.  physio).  Soc. 
1008,  54).  Aooording  to  Suzuki,  Yoehimura^ 
and  Fuji  (J.  Goll.  Afnc.  Tokyo^  1909,  I,  77)  the 
dry  matter  of  rice,  frcetl  from  husks,  contained 
total  nitrogen  1-200  p.c.,  of  which  1*165  p.c. 
exuted  as  true  pioteids.  The  cleavage  produota 
of  the  protcids  were  examined  and  estimated. 
They  consisted  largely  of  glutamic  acid,  14-5 
p.c;  Uuciiu',  1 p.c.  ;  alaninf,  3-7  p.c. ;  proline, 
3*3  p.c;  argiaino,  1*6  p.c.;  phcnyialMiinc,  2*0 
1^0.;  ammonia,  2-38  p.is.,  with  smaller  qnanti- 
ties  of  ly.^inc,  histidinc,  and  tyrosine. 

Rosenheim  and  Kajtura  atUibuto  the  uu- 
suitability  of  rioe  for  making  dough  and  bread 
to  the  almost  complete  absence  of  an  alcohol- 
soluble  prot^iin  (gliadin).  The  prolonged  use  of 
an  exclusive  rice  diet  tends  u>  the  outbreak 
of  the  disease,  beri-ben ;  but  this  tendency  can 
be  destroyed  by  the  addition  to  the  diet  of 
barlc}-  meal.  They  suggest  that  the  increased 
supply  uf  glutamic  aciuin  hordein  (from  35  to 
41  p.c.)  may  partly  explain  this. 

The  oil  OI  rice  %vns  examined  by  Brown  (J. 
Amcr.Chem.  ^k)c.  1903,  25,  d4&),  who  fouiid  mdi. 
cations  of  the  presence  of  a  fat  •splitting  cnKyme 
in  rioe  bran,  to  which  he  attributes  the  nigh  pro> 
portion  of  hee  fatty  acids,  often  found  in  oil  uom 
old  rioe*  The  germ  and  gluten  layer  of  rioe  were 

fonrvl  t')  contain  about  15  p.c.  of  oil  of  sp.gr. 

0*8i>07,  m.p.  24**.  acid  value,  166*2:  saponification 
value,  93-5 ;  iodine  value,  91*6 ;  Beichert-lfeissl 

value,  1-1;  mol.  equiv.  of  insoluble  fatty  acids 
280*3.  and  m.p.  of  insoluble  fatty  acids  36°. 
The  ash  of  rioe  is  rich  in  phosphoric  acid  and 

potash;  analyses  of  the  n?fi  of  Jipaneso  rice 
by  KcUtier  (I.e.)  gave  the  fuHowuig  ligurea  ; — 


&  t  I   §   t         §*  I  8 

Marsh  rice  22-0  4*9  3*2  10*5  1*0  61-4  1*9  3  1  1-0 
HUl  rice  .  21*7  1*6  2*1  0*6  1*7  52-0  2*1  9*6  4*5 

Rough  rice,  as  produced  by  the  planter,  when 
sent  to  the  mdld,  yiekls  alxjut  18  p.c.  chaff  and 
waste,  18  p.c  rioe  bran,  5  p.c.  'rioe  |ioiisli,'  and 
89  p.e.  of  clean  rice. 

Rico  straw  has  some  value  as  a  fodder. 
Analytius  of  straw  (1)  from  a  good  harvest  and 
(2)  from  a  poor  harvest  were  made  by  Takeuoht 
(Bull.  CoU.  Agr.  Tokyo  1908,  7,  619)— 

Dr>*  Dex-  Sue-  Penfo- 

in;itti'r  N    Fot  trose  ii>*e  stjinii  k;iii.  Fibre  A fh 

1  .  ii  '.l7  1-36  li-2o  0  7y  M--<r,  U  ij-i  ;il  IB  5*39 

2  .  »irlO  1-  l.H  1-65  3-2»  o '.IG  is  ::.  I'V.,:,  i;s-72  6-13 

Rice  bran  and  rir(  [xjli.sh  are  valued  as  cattle 
foods.    '  Rice   meal '  or   '  ncc  feeding  meal ' 
con»iBt,s  of  ground  rice  bran  or  a  mixture  of  the 
bran  and  'polish,'  or  sometimes  laigeiv  of  much  1 
less  valuable  ground  chaff.   Both  bran  uid  ' 

p(jll.<li  ait  i  ll  ii  ill  oil  alLumiiioid>. 

The  loUowmg  are  analyses  of  various  milling  i 
producta  of  rioe  ^— •  | 


Pro-         N'free  Crude 
Water  t«ln   Fat  extract  fibre  Ash 
Hui'k'i    .       .  10*0  3-7   1*4   32*3   38- 1  14-5 
Bi&n  (Rangoon)  9-1  18*8  16*6  47'0     «-2  10*1 
Polish   .      .  9*5  11-6  lO^l  M    0-6  4-5 

For  ro.Hults  of  recent  analyses  of  159  samples 
of  various  Indian  rice,  v.  Hooper  (Agric.  Ledger, 
1908-1909,  5,  03). 

Rico  is  used  in  the  production  of  an  alcoholic 
beverage,  mhK  in  Japan,  and  in  the  preparation 
of  starch.  The  starch  grannies  of  rice  resemble 
those  of  the  oat,  but  are  smaller  (the  average 
diameter  of  the  simple  grains  being  about  5^, 
whilst  those  of  tlw  oat  are  al;<nU  lU^)  and  more 
angular.  Compound  grains  made  up  of  aggre> 
gations  of  the  simple  grains  ooonr  in  the  seed, 
but  are  very  rcaddy  Droken  up  on  treatment 
with  water,  and  occur  very  rarely  in  conum  rcial 
nee  stareh.  1)  1. 

RICINELAIDIC  ACID,  RICUIOLEIC  ACID  vl 
Oils.  Fixed,  and  Fats. 

RICINUS  OIL  V.  CasvoB  OILS  also OiLS, 
FixxD,  AKD  Fats. 

mNHAHN ORBEN  v.  Cobalt. 

RIONITE.  A  bismuth  fahloie  ioimd  at 
Cremenz,  in  the  Canton  Wailis. 

ROBINIA  PSEUD-ACAOIA  (Linn.)  AcaceHn 
C,,lli,0,.  the  colourit^L'  matter  of  the  leaves 
of  the  R.  Patud-acacui  ^vununon  or  falsw;  acacia. 
North  American  locust ),  forms  almost  colourless 
needles,  soluble  in  alkalis  with  <^  P<de  yellow 
oolottration  (Perkfai,  Ghem.  8oc.  'mns.  1900, 
71,  430). 

A  boiling  aqueous  decoction  of  the  leaves  is 
treated  writh  basic  lead  acetate  solution,  and 
the  pale  yellow  precipitate  i.s  suspended  in  wat^-r 
and  decomposed  with  boilmg  dilute  sulphuric 
acid.  From  the  clear  liquid  the  colouring 
matter  is  removed  by  extraetion  with  ether 
and  purified  by  crystallisation  from  dilate 
alcohol. 

Acaoetin  form»  a  diacdyl  <lerivative 
<-..H,,(),i(;,H30), 
colourles.s  needles,  m.p.  195*-198",  and  when 
fused  with  alkali  mves  phlonglndtioi  and  p* 
hydroxybentoie  aeia.  Digested  with  boiling 
hyiiriLidic  aeid  it  yielda  api^'cnin  and  one  niolo- 
oulc  of  methyl  iodide,  and  i.-^  consequcully  an 
apigenin  monomethyleihcr.  Acacctin  is  very 
]jrnl)aiilv  identical  with  von  CUriehten's apigenin 
metliyl  ether  (litr.  lUW,  33,  2yOS) 


on 


OCH, 


the  ftcpt  vl  derivative  u£  which  melts  at  19a»°-20O'^. 

Q.  P. 

ROBIMIN  V.  Gluoosidxs. 
ROBURITE  X.  ExPLOSivBS. 

ROCCELLA  r.  Archil  and  Lichens. 

ROCC£LLIN  V.  Azo-  coluubing  matters. 

ROCELUO  AOm  C,  sHM(CX>tH )..  Obtained 
from  variou-i  lichens,  from  Itoc^Ua  Jucijormis 
and  IL  iimiuna  (Hesse,  J.  pr.  Chem.  [ii.]  57. 
201),  Lecanora  9ordida  (Hesse,  ibid.  58,  497).  L. 
cenisea  and  Leprmria  kMHtrum  (Zopf,  Annals, 
296.  264.  and  298) ;  white  silky  plates,  m.p. 
127*'-128«'.  The  anhydride  is  an  oil  (cf.  Schunok, 
Chem.  Soo.  Trans.  1841},  3, 153),  v.  Lioassa. 

BOCaiLLB  BALT  v.  TuoiSKi  aow. 
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ROCK,  ALUM.  Aluiiite  v.  AluHS. 
BOOK-CBYSTAL  v.  Quakts. 
SOCK  OIL  V.  FBtsouemt. 
ROCK  IKALT  V.  Sodium  chloridk. 
ROCK  PHOSPHATE  v.  Phosphorite. 

RODAGEN  V.  «YNTHBT1C  DRUGS. 

RODIN AL.   A  5<)Iution  of  p-aminopbenol, 
Qscd  afl  a  photographic  developer. 
ROMAN  ALUM  v.  Alums. 
ROMAN  OBMBIIT  «^  Csmskt. 
ROIIAll  LAnC  Crimgon  lake  v.  Tmaam. 

ROMAN  OCHRE.  A  variety  of  nrgillaceous 
ferric  oxide  of  an  arangc-yeliuw  colour,  used  as 
ft  fMBrucnt. 

ROMITE  V.  Explosives. 

RONGALITE.    Trade    name    for  Bodium 

form  iMi'lj\.lr  r-ulphoxylnte. 
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vary  unataUe 


I  as  7n(itujan€a€  gruiiM    It  is  a 
j  pigment; 

1      ROSEWOOD,  OIL  OF.  A  volatile  ofl  ob- 

'  tainod  from  the  wood  of  Convolmln.<t  scoparin^i 
I)y  distilling  with  water.    A  iight-yeliuw  oil  con- 
sisting mainly  of  a  terpeno  CigH^,  :  b.p.  249** 
U.si-d  occasionally  for  adultemting  oil  of  rowv* «. 
i  Oils,  kssbntial. 

ROSHYDRAZINE.  The  colour  and  Icuco- 
baaes  of  tripheaylmethAae,  when  diazotised  aud 
tvaated  witn  SnOI|,  are  readily  oonTerted  into 
hj'drazincs.  For  exuniplo  :  Rosanilinc  (5  prtns.) 
is  diiisolved  ui  30  c.c.  of  hydruchlurio  acid  and 
I  70  CO.  of  water,  and  the  iced  solution  is  diaao- 
I  Used  by  H'lding  21  grms.  NaKO^  in  10  c.c.  of 
water.  On  mixing  the  solution  of  tho  diazo 
I  compound  with  a  well-cooled  solution  of  12 


BOSANIUIIE  aod  ROBANIUNB  DYB8  «.  grms.  of  tin  in  30  0.0.  of  bydtooUorio  aoid,  the 

  rwhydrtmne  hydroehkride  sepaiateB  in  green, 

shimoicring  crystals.    The  salt  is  easily  soluble 


TBiPBSimjraniAm  coLouniro  mattkhs, 

ROSCOEUTE  or  Vanadium-mica.    A  mem- 
ber of  the  mica  group  of  minerals  {q.v.)  similar  in  water,  nearly  insoluble  iu  hydrochloric  acid, 

to  niusco^ito  in  compoeition  but  with  alnndna  '  

largely  replaced  by  vanadous  oxide  (VjOj 
reaching  28-85  p.o.).  It  occurs  in  ^me  abun- 
dance ad  sage-green  scaly  masses,  intimately 
aasooiatcd  with  native  ffold  and  gold  tellurides, 
in  Eldorado  Co.  in  Oaliromia,  in  the  Magnolia 
and  Cripple  Creek  di.strict.'i  in  Colorado,  and  at 
Kaigoorl^  in  Western  Australia.  In  larger 
qaantitiee  it  oooub,  together  witb  oamonte 
f7.t'.),  as  an  impregnation  in  Jurassic  sandstone 
near  i'laotTvill©  in  San  Miguel  Co..  Colorado. 
Tho  roscoelite  forms  up  to  20  p.c.  of  the  mass  of 
the  sandstone  in  a  bed  varying  from  a  few 
inches  to  6  or  6  ft.  in  thickness.  Analyses  bv 
VV.  F.  lliUebrand  fAmer.  J.  Sci.  1899,  7,  461*; 
1800,  10,  120):  L  from  Granite  Creek,  Mdo- 
lado  Oo.,  OftUfoniiai  IL  from  PlacerviUe, 
Colorado. 


SO, 

TiO, 

v.o, 

Al.O, 
Fe,0, 
FeO 
CaO 

liaO 

K30 

Na.O 

H,0  (105-) 
H.0OMW*) 


I. 
46- 17 
0-78 
24  01 
11*64 


II. 
4606 

12*84 
S2>ft6 

—  0-73 
1-00  — 

—  0-44 

—  1-35 
ll>4  0-92 

10-37  8-84 
0-06  0-22 
0*40  1*08 
4-29        4  07 


90-86  100^ 

Attempts  have  been  made  at  Newmire, 
Ooknado,  to  utilise  this  roeooelite-besziog  sand- 
atone  as  a  Bonree  of  raiiadiain. 

L.  J.  a 

ROSE  ATTAR  v.  Oils,  bssbntial. 
ROSE  OIL  V.  Oils,  ■soDarauL. 

ROSE  PINK.  A  p'.Tuient  X)reparrd  by  dyeing 
whiting  with  iirazil  wood.  It  is  too  fugitive  for 
artistic  vse^  bnt  is  ameh  «m|doyed.in  paper- 
staining;. 

R(^£ilNE.  A  synonym  for  fuchaino  or 
aniline-red:  TBinDUmiORBAia  OOLOVBINO 
MaTXBBS. 

R08BNARY  OIL  v.  Oils,  kssxktial. 
ROSENTHIEL'S     GREEN     or  CASSEL 
(SBEBM.   Barium  manganalt*  It  is  also  knonii 


Its  solution  has  a  bluer  diade  than  roeaniline ; 

it  is  a  strong  colouring  matter,  and  dye.s  tatinined 
cotton  a  deep  brownish-red.  Liku  other  hydra- 
zines, it  rodnoee  Fehling's  solution,  and  forms 
condensation  products  with  aldehydes  and 
ketones.  The  latter  compounds  are  sparingly 
soluble  dyestuffs  ;  thus  acetone,  aldehyde,  pyr- 
uvic acid,  benzophenonc,  &c.,  give  reddish  to 
Unish-violet  colours;  acctoacctic  ester  and 
benzaldehyde  give  blues  ;  whilst  glucose  gives  a 
grey iidi  -  blue.  Benzalduhydu  sulphonic  acid 
yields  a  blue  soluble  in  water.  Theee  condensa- 
tion products  can  also  be  formed  upon  the  fUne. 
Tho  reduction  of  the  diazo  compound  of  acid, 
raagentji  gives  rise  to  ea.'^ily-Holuble  hulphonic 
acids  of  rtwhydrazine,  the  condensation  products 
of  wbaeh  are  soluble  ookmring  matters.  Ssf  ra* 
nine,  when  treated  in  tho  same  way,  does  not 
frive  a  hydrazine,  but  evolves  nitrogen  (J.  H. 
Zieglcr,  Ber.  1887,  90, 1057;  J.  Soo.  Ghem.  Lid. 

6, 6'.y\). 

ROSIN  OIL,  ROSIN  SPIRIT  v.  Rssnr  oil. 
ROSINDULIME  NH:Cj,H,<JJ^>C,H4  is 

prepared  by  heating  benseneacon-napbthyl- 

amine  hydrochloride  (1  {wrt)\vitli  aniline  (2  parts) 
and  alcohol  (4  parts)  under  pn  ^-snre  at  1 00°-170* 
for  6-8  bount.  The  alcohol  is  then  evajjorated 
and  tho  CZCCSS  of  aniline  is  distilled  olT  with 
bteam.  The  residue  Ls  tillered  uiid  then  extracted 
several  times  with  boiling  water.  The  i;oml)in(  d 
filtrates  are  allowed  to  stand  for  a  few  days^ 
then  decanted  from  the  nsinoiis  iMXMhurt^  uw 
solution  acidified  with  hydrochloric  acid  and 
precipitated  with  sodium  chloride,  when  tho 
hydrochbrido  separates  in  Ions  red  needles, 
from  which  the  nase  may  be  obtained  by  de- 
com]x;siiig  with  soda  and  extracting  with  ether 
(Fischer  and  Hepp,  Annalen,  1890.  256,  233; 
1).  R.  P.  71296).  It  may  also  be  obtained  by 
passing  a  stream  of  air  through,  and  wanning 
an  alcoholic  solution  of  phenylnaphthaphen- 
azonium  suiphonic  aoid  to  which  ammonia  han 
been  added  (Ketiamenn  and  Locber,  Bi  r.  1898, 
31,  2430;  Kehrmann  and  SehajKi.vclinikoff,  ibid. 
1897,  30.  2627).  For  other  methoil;*  of  pre- 
paration, s-  e  Kehrmann  and  Messinger,  ibid. 
1891,  24.  687,  2167;  Fischer  and  Hepp,  ibid, 
1896,  29,  2760;  Annalen.  1895,  288,  227; 
Kehrmann,  ibid.  1896,  200.  2GS). 

Kosinduliue  forms  xeddish-btottu  plates. 
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ROSINDULINE. 


m.p.  198*-199',  readily  soluble  in  other,  benzene 
or  alcohol ;  insoluble  in  water  :  readily  absorbs 
carbon  dioxide  from  the  air  and  is  decunip)^'0(l 
by  ooooentrated  hydroohiorio  aoid  iotmma : 
ftmmooia  and  iMindone.  It  fomu  aalts  wito  I 
the   mintTrtl  ■.n'ldn,    ami   yields   the  hydrate 
Ci,H,,N3,H,0.   lu.p.   IBS^-IS?'.     When  ihi- 
ba»e   IS   dia7X)tii«ed   in   strung  actd  solution, 
and   then    tnatcd    with    alcohol,    it  forms 
naphlhiiplu-imzuiuuin.    Unlike  ijorosinduliiio,  it 
docs   not  ctiuibino  with  tctramcthyldiamino- 
beuzhydrol.   According  to  K«bnnanii  {Bet. , 
1894,  27,  3348;  ihii.  1806.  29,  2319.  29(17;! 
Annalcn,  1890.  2W,  247),  n',-iii<luline8  are  o-  ' 
quinuidal  azoniurn  roiii]>uuiid.H,  but  Firicher  and 
Hepp  regard  them  u.i  iltrivatives  of  a  )8-naphtha- 
phi  nazinc  (Annalea,  1^92, 272,  300;  fier.  1890, 
361,  2752). 

The  effect  of  introducing  the  amino  group 
into  iQoinduline  in  difltotent  poutions  haa  be«n  i 
atadied  bv  Kehrmann,  Radsmadier  and  Feder 

(Ber.  1898,  31,  3076).  who  have  foun.I.  that 
representing  the  scheme  ol  numbering  thu«,  , 
10  1  ' 

the  intioduotion  of  an  amino  group  into  the  ' 
para  position  (2)  with  rfsprct  to  the  nzonium 
nitrogen  gives  a  bluish- \iukt  Uycstutf  with 
scarcely  any  Huun'^cence.  On  the  other  hand, 
an  amino  group  at  13  or  in  any  position  of  this 
phenyl  group  catUMM  hardly  any  inoreaae  in  the  j 
ue]itli  ut  sIiikIc,  the  diamine  :  13,  .scarct'Iy 
diiiermg  in  colour  from  rosinduhne  which  has 
an  amino  group  at  0,  whilst  the  trianiines,  | 

2  :  6  :  13,  2:0:12.  nrc  bluish- violet  and  differ 
little  from  the  diajumi;  2  :  0.  The  introduction 
of  an  amino  group  para  to  the  azine  nitrogen  at  ' 

3  oaoMs  little  altexatioii  in  shade,  but  increaMs  > 
the  tinotofial  valne  of  the  colour  and  the  t 
fluorescence.  Thi  ft-  facts  arc;  aiialoj^ous  to  those 
known  for  the  oHtrauiuce  of  the  benzene  series. 

A  number  of  iiitio>  and  amino-rounduline 
chloridin  have  been  prf parti!  (.see  also  Kelir« 
maiiii,  Uhem.  Zentr.  I1KK>,  ii.  bl3). 

EthyWosindvline  may  be  obtained  kk  the 
same  way  as  rosindoline  by  using  benzeneazo- 
a-ethyl  naphthylamine.  It  ha«  m.p.  184^  gives 
a  prvtii  Molutioii  in  sulphuric  auid,  whicli  turns 
red  on  addition  of  water  and  like  rosinduliae  it 
ia  a  good  dye. 

Mtthylrosi nduU nt  is  obtained  by  boiling  the 
anhydride  of  phtnynaphthaphenazonium  sul- 
phonic  acid  with  lu- th\ laniino  in  alcohol 
(Kehrmann  and  Lochcr,  (.c).  It  forms  gold 
coloured  leaflets,  m.p,  180*-181*,  and  behaves 
like  tht  <  thyl  <ii.ri vniive  with  sulphuric  acid. 

FhenyiroaindvUine  may  be  ^:«pare<l  by 
heating  S'Sgrms.  9^>nitrobenzeneaso*a-naphthyl* 
amino  with  15  prms.  of  nnilino  at  lOO^-lOS"  for 
2  hours  (i'aul,  Chnii.  Zriitr.  1897,  i.  1168);  by 
heating  a-nitroiiaplithal. no  with  aniline  and 
aiiihno  salts  (I>.  K.  PP.  67339,  4637U)  and  bv 
many  other  methods  (Kehrmann  and  I»cher, 
I.e.;  JIFIscher  and  Hepp,  B<  r.  lsS8,  21.  2621  ; 
1897,  30,  1829 ;  Aunaku,  I89U.  250,  233).  It 
femis  dark'ied  needles,  iii.pk  234*,  almost  in> 


soluble  in  water  and  sparingly  .solublt-  in  "r/nnic 
.solvents.  Its  neutral  salu  iir<;  red,  whiUi  ihts 
acid  salts  are  gjreen,  the  dyeing  properties  of 
the  hydrochloride  being  anafogooa  to  the 
fuehsine  dyes.  Vfith  eonceotrafed  sulphurio 
at  id  it  forms  an  almost  insoluble  tnonosulphonic 
iicid,  whibt  with  luming  sulphuric  acid  it  gives 
a  di-sulphonic  acid  known  as  azoearmintf  a 
tri^snlphonic  acid  readily  soluble  in  water 
kuuwu  ikH  rosinduline  2B  has  abo  been  obtained 
(D.  R.  PP.  62922,  7i)i)o.3.  niUSO,  64898,  67108, 
72343;  Eng.  Pat.  8184,  1894). 

Sydroxyphenylroriiimdina,  ham  which  sul- 
phide dyes  have  been  preparctl,  are  obtained  by 
heating  p-amino-o-cresol  with  buu>eneaao««* 
naphthylamine  in  n-ater  or  alcohol  (D.  R,  P. 
158077 ;  J.  Soc.  Ch«-m.  Ind.  1906,  175). 

TrihydroxypheHyirfHiittdtdiHe  may  be  pre- 
pared from  substances  such  as  the  dycbtuff.s 
obtained  by  combining  diazo-  compounds  with 
d-naphthylamine  by  heating  with  p-amino 
phenol  and  hydrochloric  acid  or  by  tn  atmg  1  :  4 
naphthalene  diamine  similarly  and  oxidisiDg 
the  product  with  an  aromatic  nitro  compound  : 
also  by  heating  a-nitronaphthalcno  mth  p- 
aminuphcaul  and  hydrochlonc  acid  (i>.  R.  PP. 
158077,  168100,  160760). 

When  benzencazomonoaryl  -a-  naphthyl- 
ammee  or  monoaryl-l  :  4-diaminonaphthalene 
replaces  the  benzencazo-a-naphthylannne,  the 
resulting  dyestuflb  are  said  to  produce  purer  and 
bluer  shades  <D.  R.  P.  160816). 

Halii£jrn  and  other  d<TivativcH  of  ])hinvl- 
rosiimiuluie  iiave  lieen  prepared,  many  ut  which 
are  also  used  in  dvcing. 

o-Tdylrosinduline  can  bo  obtained  by 
hoatuig  rosindone  with  o-toluidine  and  iid 
liv.ln^chlorido  at  150*-170"  (D.  R.  PP.  15894, 
07115).  It  forms  roadil;^  soluble  sulphonio 
acids  nith  fuming  sulphuric  acid  :  p  tolj^ntin- 
duline  (D.  R.  P.  V>:,s<M  ;  Fischer  and  Hepp.  I.e.), 
naphthylrosindtdme  {D.  R.  P.  71296 ;  .J^ischer 
and  Hepp,  Lc),  have  also  been  prepoed* 

Phatanlhraroaind  uline 

(',!f,('NPhf;l:C€H^  * 
is  prepared  by  the  action  of  ammonia  and  air 
on  naphthaflavindulino  chloride.   It  crjrstaUisee 
in  dark  red  prif-ms  with  a  bronzo-liko  lustxe 
(Kehrmann  and  Kichier,  Ber.  1901,  34,  1210). 

Ph€nylphenanthraro$ii»duline  is  prepared  by 
the  action  of  aniUne  on  naphthaftaviuduline  and 
forms  largo  dark  violet  crystals  with  a  copper- 
like lustre  (K<  hrraaim  and  Eichler,  Lc). 

Chloxo-  substituted  rosindulines  of  general 


formula  \_/'"^\..'^ 


CI 


have  heon  fomed 


by  condensing  chloro-  derivativea  of  snhetituted 
O-diamiaes  of  th<«  f^-^neral  formula 

(J,HjUti\ll,)MlH(l:4;2) 

(R=aromntic  or  aliphatic  radicle)  with  4-an)ino 

and  4-anilino  /S-naphthnqtiinone.  The^i/  dye- 
stufls  give  blue  .sliaUed  uiui  whun  tie^iliU  with 
amines  are  coiiV(rU<l  into  tjafranino  dvestuffs 
(Eng.  Pat.  14238,  1899;  J.  Soo.  Uhem.  Ind. 
1900.  530). 
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iMkJRMlMlvltiic*.  This  ti»me  wm  origkiAlly 

applied  to  thf  rosinJuliiics  hantig  the  NH  (.'roup 
in  the  pheuyl  portion  of  the  moiecula  an<i  the 
J-NH  derivative,  Cj.H.NNPhC^HjNH  (see 
abcivtl.  \vi~  firn  prrpan-ci  liy  Nictzki  and  Otto 
(Bcr.  18H?>.  Ji.  by  warming  an  alcuhoLc 

solntion  of  phciiyl-3-naphthylAraine  (1  mol.) 
witii  qoioonediohlohmide.  It  is  a  hliiiBh«Tiolet 
powder  forming  violet  eolntfona  in  aloohol  and 
ether. 

rhen>jl\iioro9indidine  ia-  obtained  by  the 
action  of  nitrosodiphenylaniinc  and  phenyl-^ 
inji'i  rl  \  1  iinino  (Fischer  and  Hepp,  B*t.  ISOfi. 
2".f.  275.ij  or  by  allowing  an  alcoholic  solution  of 
ohlorophcnylnaphthazoniumohlorido  nnd  aniline 
to  Bland  for  several  hours  {itid.  1898,  31.  304  : 
ihid,  1900,  33,  149<3).  It  forms  copper  coloured 
crystftl.s.  in. p.  It)9°-171°,  ^rivea  a  blue  .solution  in 
benzene  and  aloohol  and  is  oonTerted  into  mo- 
rosindone  when  heated  nith  gladal  aoetie  and 
hydrochloric  acids  at  235". 

itfonmnduline  chloride  reacts  with  tctra- 
methjIdiaminodiphenyliMnBhydiol,  forming  a 
lonoatiramino, 

Ci  C.Hj 

from  which  dyosiuffi  ean  he  obtained  giving 

rod  yellow  i-li  i  !'  on  cotton  mordanted  with 
tannin  (Mohiau  nud  Schaposchnikoff,  Ber.  1900, 
83,  799). 


N- 


K  C,H, 

may  he  obtained  by  boiling  an  alcoholic  solution 

of  j8-o-mf't}iyIchl(;ro])lieiiyrnaphtliupheim7.onium 
chlorido  with  2  niolecuhir  prui»orlionh  ul  aniline 
for  .'•evernl  hour-i.  It  forms  coppery  crystals 
which  give  a  blue  solution  in  aolphuric  acid.  The 
oorrcsponding  tolyl  roeindiitine,  m.p.  226'*,  and 
the  /B-nnphthyl  conip<inn(l,  which  is  a  n-ddish- 
violet  dyostoiOf,  are  prepared  similarly  (Fi.schcr, 
Ber.  1901,  MO). 

Kehrmann  has,  howover»  applied  the  term 
»«orosiaduUne  to  the  baAc. 


the  NH^  jn'"'i'P  orcnpyin^  nny  one  of  the  15 
positions  in  the  uaphth>  1,  or  eilher  of  thu  phenyl 

Sronpfl,  and  ho  has  prepared  15  such  ohloro- 
crivativcs  of  tsoKoeinduUne  (eminopbenyliso* 
naphthaphenawninm  ohlortdes),  of  whioh  two 
or  thn  e  may  he  nu  ntioned  Si.^  example.-:.  Their 
number  refer*  to  the  order  in  which  they  were 
prepared,  not  to  the  position  of  the  NH«  group. 

)Mt- Itosindnliiir,  No.  H  (2.aniinophonyl 
napbtbaphenazonium  eliiurulc),  cxiiitA  in  two 
modifications.  The  labile  form  is  obtained  by  re- 
ducing 2-nitruphi-nylnaphthaphenazonium  chlo- 
ride with  tin  chloride  and  hydrochloric  acid  at  0°. 
It  gives  n  ddi-h-vloli  I  .^"liuion.s  in  alcohol  and 
in  water.  On  ndditiou  of  dimethylaniine  to  the 
fonnor  tolvtion  it  tvroa  green,  then  passes  into 
Una  and  finally  beeomcs  fncheino  red.  The 


I  stahle  form  is  prejtared  by  carrying  ont  the 

above  reduction  witlumt  any  artificial  cooling. 
'  It  forms  a  dirty  violet  aqueoiis  solution  and  a 
blue  alcoholic  solution  which  becomes  fuduine 
red  on  addition  of  dimelhylamine  (Kehrwann 
and  Valoncien,  Bur.  IIKX),  33,  409). 

ieo- Roainduline,  No,  12,  the  8  amino-deriva- 
tive  ia  obtained  ikiu;  phenylMonaphthaphen- 
asonfaim  nitrate  is  treated  with  cone,  nitrie 
acid,  and  the  two-mononitro  deri  vat  ires  thu.s 
obtained  are  extracted  with  alcohol,  precipitated 
with  ether  and  reduced  with  tin  eUoriae  and 
hydrochloric  acid.  The  tin  double  compound  is 
oxidised  in  alcoholic  solution  with  ferric  chloride, 
the  preeiiritate  dlBBoIved  in  troter,  treated  with 
sodium  acetate  and  then  vith  sodium  bromide. 
The  bromide  of  No.  10  Moroainduline  is  re- 
moved liy  solution  in  a  little  hot  water  and 
a  saturated  solution  of  sodium  bromide  is 
then  added,  when  the  bromide  of  No.  IS 
separates  as  steel}'  almost  black  prisms  sparingly 
soluble  iu  cold,  readily  so  in  hot  water 
and  giving  a  brown^ved  aohition  in  enlphnrie 
acid  which  turns  orangO'yellow  on  dilution  and 
dirtv  greenish-blue  on  neutralisation  (Kehrmann 
and  .Steiner.  Ber.  1900.  33,  3276). 

iao-Bonndtdine.  No,  15  (IS^minophenyl- 
naphtha«mivm  ohbride)  is  formed  By  the 
interaction  of  4  :  1  :  2-ttniinonaphtha(jtiinone  and 
2  :  3'diaminodiphenylamme  iu  the  prestaicc  of 
a  drop  of  dilute  hydrochloric  acid.  The  product 
is  converted  into  the  diacetyl  derivative  which, 
on  boiling  wiili  hydrochloric  acid  in  alcoholic 
solution,  yields  6 :  12-diamiTiophenylnaphtha- 
phenasoniam  obkinde.  The  latter  is  oonvertod 
into  ^e  aoetylderivatiye,  diaiotiaed, treated  with 
sodium  l)r<")mide  and  then  hydroly.sed  with  sul- 
phuric acid  when  the  desired  compound  sepa- 
rates in  dark,  yellow  lnown  greenish  metallic 
irramiles,  sparin^^ly  .'«<luble  in  water  and  ^'ivintr 
a  violet  solution  iu  ijul|)huric  acid.  'J'he  solu- 
tions  are  non-fluorescent  and  have  a  hitter 
taste  (Kehrmann  and  K&eaobf  Ber.  1901,  34, 
3099).  The  dichromate  forms  hwtrous  golden* 
yellow  laniin.T. 

AcetiAiaoroaittduline  exists  in  two  modifica> 
tioiu :  the  ■•eompovnd, 

KH(C,0,H)C,oH8<J5>C,H, 

A- 

C,H,  OH 

forms  red  needles,  Trith^a  neen  metallic  lustre 
which  deoompoeo  at  290^.   It  forms  a  yellowish* 

red  nuorcsomt  solution  in  aleohol  and  when 
boikd  with  hydrochloric  acid  it  yields  rosindu* 
luie  salts. 

The  /9-oomponnd 

OH  C,H, 


NH(C,0,H)C„H,<5j>C«H4 


forms  dark  brown-red  plates  with  a  metalllo 

lii'^tri"  Mhii  h  dt  compose  at  2<)0°,  more  readily 
soluble  in  alcohol  lhaii  tin  a-coinpounil,  tho 
solutions  being  dark  n-d  and  non-Huon-Hcent. 
When  boiled  with  bydrochlocio  acid  it  yields  an 
t>aroeindttline  salt  (Kehrmann  and  Herts, 
Annalen.  IHiMi.  2!>0,  262;  Kehrmann  and  Aebi, 
Ber.  lblH>,  32.  932). 

For  the  other  tsoroeiDduIines,  see  Kehrmann 
and  Bavinson  (Ber.  1809,  32»  987)}  K.  and 
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iniatoiT.  ibid.  2C27) ;  K.  and  Levy  {ibid.  1898, 
81,  mUK.  and  Dmk  {ibid,  1900.  33,  3296) ; 
K.  and  WoW  {iML  1643) ;  K.  tod  Klbmleiii, 

3300);^  K.  AtKl  Misslin  (ibUL  1901,  84,  1S34); 

K.  and  Ott  (ibui.  :m2}. 

For  other  litcratuns  on  nMmduIiiu-  and  ito- 
rosindidino  and  llinr  il<'ri\ atirrs,  f.  Fiachcr  and 
Hepp  (Annalen,  18UU,  262.  237  ;  Btr.  1900,  33, 
1483) ;  Kohrmann  and  Schaposchnikoff  (ibid. 
1686, 29, 2967 ;  ibid.  1897,  3(».  1565);  Schraube 
•nd  Romie  {ibid.  1893, 26.  575) ;  Kchrmaiui  and 
Hiby  [ibid.  IWl.  ;n.  MSj);  Kehrmann  and 
8ilb«r8tem  (tbtd.  im),  33,  3280.  3285).  Also 
the  references  already  given. 

ROSIMS  r.  RKsi?fs. 

ROSOCYANIN  v.  Turmekic. 

ROSOUC  ACID  t.  AinuNK 

ROSOPHENJNE  10  B.  v.  tsuMVUxm  avx> 
ITS  Dkrivattvks. 

ROTTENSTONE.  A  disintoL'rnf  ed  ruck  \\  hicli, 
when  washed  and  ground,  is  uaed  aa  a  polishing 
material  lor  metal.  mnrUe,  Ao.  It  it  nraally 
repardfd  ub  the  rfsidual  matter  left  on  the 
n:itural  decompoMit  ions  of  impure  limestone.  If 
thf  limeatone  be  silicious,  thu  Eilica  may  he 
Ii  ft  in  a  very  fint'ly-divided  condition  ;  but  old 
utiiiiysu^  of  i)erbyfe]uro  rottenatone  show  a  very 
large  proportion  of  alumina.  The  rottonstonf 
of 'Derimiiire  oconn  in  ircMndar  oaTitiea  in  the 
earboninnms  limeatone.  sna  the  tM«t  kinds  are 
said  to  bo  obtained  from  a  blnrk  bituminous 
limestone  near  Ashford,  and  on  Bakewcll  Moor. 
It  has  also  been  worked  in  South  Wales, 
especially  in  the  coontiee  of  Brecon,  Carmar- 
then, and  (jiamorjian.  The  term  '  rottenstono  ' 
is  sometimes  applied  to  Uifclite,  a  material  con- 
sisting of  higniy-comminated  aiUoa,  which  is 
mostly  deriv^  from  the  fmstoles  or  lilioHMU 
coses  of  the  unifclluhir  a]f!<-e  known  as  diatoms. 
It  is  therefore  similar  to  diatomaceoua  earth  or 
hieeelguhr  (q.v.). 

ROTTLERIN  r  Rksins. 

ROUGE  V.  Iron  oxides,  art.  Irok. 

R 0  U I L L E  :■.  Loa  oxides,  art.  IboH. 

ROYAL  BLUE.  8maU  t>.  CoBAur;  alM 
Pigments. 

RUBBER  {India-rubber,  Caouichouc)  is  a  sub- 
atance  posseesing  peculiar  and  valaahle  phy  sical, 
meohanioal  (ten.>«ile),  and  ohemioal  ]jrn|iertieB, 

by  virtue  nf  which  it  is  \ndcly  (  iiiiiJuvcd  in 
numerous  industries  and  artd  and  jor  many 
domestio  purposes.  The  main  conntitneot  of 
the  commercial  article  is  a  hydrocarlx>n  possess- 
ing the  empirical  formula  (CgH.)!}  or  (C,pH,,)n. 
Rubber  is  generall}'  derived  uy  a  process  of 
coagulation  from  a  fluid  {latex)  contained  in  a 
spoeia!  cell  system  {UiHeiftrou*  »y^i«m)  of  various 
tri  r.s,  cri  i  jii  Ts.  !iiid  f-hrnbs.  It  nl-n  in<'Urs 
uooaitiunany  iii  ihu  tiolid  state,  in  the  form  ot  a 
deposit  in  the  woody  fibre  of  certain  species, 
for  instance  in  Parthenium  arffenlatum  {pnayulc). 
The  laticiferous  system,  which  is  distinct  from 
t  he  sa  p-lx'aring  coll  system,  penerally  liesbetween 
the  outer  bark  and  the  camDium.  and  by  cutting 
through  the  former  and  into  the  latex  cells, 
the  latex  is  obtained  in  the  form  csf  i  uhifc  (o 
cream  eoloumi,  more  or  lens  viffcou?*  liuid. 
This  operation  is  ternnMl  '  tapping.'  The  rublx  r 
is  oontuin(<l  in  X\\c  latex  in  tiie  shajie  of  .small 
particles  (varying  according  to  Bpeties  fn^ni 
roughly  0-.'>  to  4^  in  <liamoter),  which  arc  gene- 
rally suspended  in  the  serum  in  the  form  of  a 


negative  emulsion.  The  rubber  is  separated 
from  the  latex  either  by  evaporating  a  part  of 
the  water  or  by  a  process  of  coagulation  which 

varies  according  to  the  species,  district,  &c. 
After  the  coagulum  has  been  separated  from  the 
sernm  it  is  generally  puritied  and  dried  to  a 
greater  or  less  extent,  and  is  then  exported  in 
the  form  of  balls,  loaves  {fine  Para),  sheets, 
crepe,  block  (plantation  species),  stobe,  inegnlar 
lumps,  'sausages,'  'thimbles,'  &c. 

Jtvtber-bearing  species.  The  chief  orders, 
genera,  and  species  arc  shown  on  j)apc  oSS. 

Collection  of  latex  and  coagulation.  In  the 
Amanm  distriet  inm  which  the  *fine  Para' 
brands  of  commerce  are  obtained,  the  methods 
employed  are  briefly  as  follows :  Tiic  tret*  are 
tapped  with  a  small  asn  (maohadinha),  the 
incisions  taking  the  form,  generally,  of  V  cuts 
or  obhque  lines.  The  first  tappings  are  made 
at  a  height  of  6-7  ft.,  subsequent  inci.-icn.s  at 
intervals  of  roughly  1^2  ins.  beneath  tho 
first  one,  until  the  baee  of  the  tree  is  reached. 
This  process  is  then  r'  ri  ited,  the  next  tapping 
line  (arra^ao)  commencing  at  a  hurizoatal 
distance  of  alx)ut  18  ins.  from  the  first  one. 
The  latex  is  collected  in  small  tin  or  earthenware 
( n])s  fixed  to  the  tree  by  means  of  moist  clay, 
riic  daily  yield  of  latex  from  a  mature  tree  is 
at«te<l  to  oe  about  U  oc,  which  corresponds 
roughly  to  6  lbs.  of  rubber  per  tree  per  season, 
but  it  j-i  donlttfid  whether  any  lar^/e  j)r' p]x>rtioti 
of  the  forest  itvm  show  as  high  a  yield  as  this 
over  a  succcKsion  of  seasons.  After  the  seriih. 
gneiro  fas  thf>  rublKT  worker  is  termed)  has 
cumplfclcd  Ins  ta])ping  round,  he  covers  the  same- 
ground  again  in  order  to  collect  the  latex.  From 
the  cups  the  latter  is  transferred  to  pails,  thenoa 
to  flat  basins,  and  hi  sttbseqvently  cured  fay  a 
smoking  process  triiich  is  canied  out  In  the 
following  manner : — 

In  a  small  brarier  a  fire  is  made,  oonnstinff 
largely  of  material  giving  a  denpe  smoke  rich 
in  Mie  products  of  dry  distillation  of  woody  matter 
(creosote.  tJirry  matter,  acetic  add).  For  this 
purpose  the  fruit  (nuts)  of  the  wrucwri  palm 
{Attalea  exctUa  [Mart.])  are  considered  par- 
ticularly suitable.  A  mandril,  consisting  of  a 
long  wooden  rod  or  paddle  is  so  disposed,  one  end 
on  a  oross  piece,  theother  on  theoperator's  knees, 
that  it  can  be  roHed  either  over  the  top  (tf  the 
chimney — and  ho  be  exposed  to  tho  full  volume 
of  smoke — orover  the  basin  Containing  the  latex. 
The  operator  then  pours  a  small  quantity  of 
latex  over  the  wooden  paddle  or  rod,  thus 
forming  a  thin  fdni  of  liquid.  Thin  i.s  rotated 
in  tho  smoke  until  it  sets.  A  freah  quantity  of 
latex  is  then  ponred  on  to  the  frst  film,  smofce 
i-i  ML^'dii  ;i]i]i1ird,  and  so  on,  until  a  biscuit  or 
ball  ot  rubU-r  of  tho  required  size  (20-100  lbs. 
is  the  general  average  weipht)  consi.sting  of 
innumeraitle  thin  layers  tightly  adhering  to  ono 
anotlu  r,  luinicd.  The  ball  is  then  removed 
from  the  mandril  and  is  ready  for  export,  forming 
the  '  line  Para  '  of  commerce. 

*  Up-river  *  (t.e.  above  Ifanaoe)  *  flue  Para  * 
is  eencT  dl'.  nf  the  type  termed  liard  cure., 
'  Tsluntbs '  rui»ber  {i.r.  that  from  the  mouth  of 
the  Amazon)  generally  as  fofi  cure.  The  main 
difference  in  that  indicated  by  the  names. 
lm)M  rfectiy  cured  loaves  are  known  as  cntrc-fine. 
The  scrappy  rubber  formed  by  premature 
coagulation  on  the  tree  or  in  the  collecting  or 
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6ti8 


Older 


Genus 


EuphorbiactcB 


Muiihot 


SKpiniii 


Ltadolphift 


GUtMidia 


I 


Urtieaeem 


Dyem 


8i»eoiM 


Ulaztovii  (Muell.  Arg.) ; 
diohotomft 


TolimenBe;  Ywam,  fto. 


(Stopf) 


owaricnuia  (Boauv.); 
Htiidelotii  DC. 
Thollonii  ( Dew. ) ; 
sphaerocarpa  (Ju- 
melie);  Picffrei 


spcciosa  (Gomes) 
(HoeU.  Arg.) 


OQttnlAto  (Hook./.) 
eIa«tiM  (Rozb.) 


Ooeaneoee,  etc. 


btaiiilicm)Ui(Mui-li.  Arg.)  South     America,  partieuUrly 

Brazil ;  employed  practically 
to  Mnducioii  of  aU  other  tree* 
on  Eavtem  idaatations.  Foniw 

Para  rubber  of  comirifrec. 
Ceard  (Brazil) ;  plantoci  to  some 
extent  in  Africa  and  tropical 
America.    Forms  the  Ceara  or 
Manitoba  rubber  of  commerce. 
Central     and     South  Amrrica 
(Colon^ia  Virgen  ;  Carihagtna 
Scraps,  &c,  of  oommeroe). 
Tropical   Africa  ;    forms  Gold 
Coatl  Lump»^    Ivory  Coatt 
lmmp§,  ttBd  wfama  ^niggen,' 
&c.  of  commcrcf.    Phntod  in 
mime  paita  of  Africa. 
Creepers  occtirring  in  enormous 
quantities  in  Tropical  Africa. 
forming  many  of  the  '  Couko' 
varieties,  '  Maiagatean,*  so. 
of  oomineroe. 

Nnmbera  d  tpedes  of  this  gnvs  we  dittrilnited  in  mMiy 
parts  of  fngkd,  Afrtea,  pcmdpaUy  Gold  Oout  and 

Congo 

Brazil  (Bolivia  and  Pcmambuco) 
yicld.H  the  '  ^fanijah'  ird,'  B<ihia, 
and    JtlalloH/rosso    sli^xU  o| 
commerce. 
Malay  Penin»vla;  yielda  Veiii- 

Umg  *  of  commerce. 
Asia   (Burmah.   ilalaya.  Juvn, 
India).  Yields  the  *  Hambong ' 
of  oommeroe.  Has  been  planted 
to  Komc  extent  in  the  Dotoh 
and  Gorman  colonies. 
Mexico  ;  CeninlAnurica  ;  Peru. 
Planted   to  pome  extent  in 
Mexico  and  German  colon ies, 
&c.        Yield  the  '  Coucho,' 
*  Mexiean  tlript,*  *C«ntnila,* 
&e.  of 

Mexico;     Texa$    (Auyiifa  of 
oommeroe). 


daslica  (CVffT.)s 
<Wach.) 


Vki 


•igentattuii  (A,  Gr^y) 


coagulating  vee-stli  in  corapre^ixl  (unsmoked) 
into  in^inuar  ronsijc?,  and  goes  by  the  name  of 
Negro-heads.  Tho  Amazon  territory  at  the 
present  time  supplies  about  one-half  of  the 
world's  total  output. 

FlantaHon  ruo&er.  The  tree  which  haa  been 
•Imoflt  uniTersally  adopted  on  the  eastern 
plantation.^  (Malaya,  Ceylon,  S.  India,  Java, 
Stimatra,  Borneo)  is  the  Hevea  brasilienMs,  but 
tlie  meihoda  of  ooUeotion  and  coagulation,  tec, 
arp  markedly  different  from  those  cmjiloycd  on 
the  ^Vmazou.  TLo  trees  are  tapped  mostly  on 
tho  (half)  herringbone  system,  which  consiflts 
of  a  Mtiee  of  oblique' cuts  running  into  a 
oentral  ehaanel.  The  latex  is  oollected  in 
a  cup  connected  with  the  central  chanin  1 
at  tlie  liaso  of  the  tree.  Tappings  take 
place  daily  or  on  alternate  days  over  certain 
poriod.H,  the  tnppin^  cniiji-^fnitr  in  ii  jmrinp 
away  of  a  Btrip  of  Imtk  ot  abuut  '  th  to  ^'-,(h  of 
an  inch  wide  along  each  oblique  iiu  i  -  r;.  This 
j«  repeated  until  a  certain  area  of  bark  has  been 


removed.  The  portion  of  the  tree  so  operated 
on  is  then  allowed  a  period  of  rest  nnffioient 
for  bark  renewal,  for  which  3  to  4  years  appears 
to  bo  an  appropriate  period.  Plantation  latex 
IS  u'l  IK  TJiIly  coagulated  by  the  addition  of  a  sninll 
qu&ntity  of  acetio  ackl.  After  the  ooagulum  is 
formed  It  is  removed  from  the  serum  and 
parsed  thrrnijrh  wanliin^  rolls,  which  squeezo 
out  much  of  the  remanent  mother  liquor  and 
wash  out  the  excess  of  non- rubber  latex  eon* 
stituentp.  These  rolls  are  of  much  the  same 
construction  as  those  used  in  the  factory  for 
washing  (see  below).  The  rubl)cr  is  sulwequently 
hung  up  to  dry  in  the  form  of  a  sheet  or  crepe, 
and  is  frequently  'smoked*  during  the  drjmg 
li<  riod,  coco-nut  hu.'^k.s  ami  hard  v;(  M/d  In  ing 
employed  for  thi.s  purixii>c.  Pbuitatii  u  rubber 
is  invariably  sbipped  Umo-drj'  an<l  i»  of  a 
(rar  lti"  )it  ii^dit  iriani  tt»  amlj<r  colour  for 
onliiuu y  varn  lies  to  a  <lark  amlxT  in  the  ea«ie 
of  the  f<m<>ketl  jjoods.  Dryness  ami  rli-anliM  ~s 
arc  the  characteristics  of  plantation  rubbers 
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which  (liCFerentiatc  them  fhnrply  from  *  wild  * 
detitiriptions.  The  production  of  plantation 
robber  in  1018  WM  about  25.000-30,000  tons  ; 
in  1910  it  was  approximately  8000  tons ;  ten 
years  aco  the  quantity  produoe<l  was  altogether 
nciglun^e. 

Wlule  pUntAtion  rubber  it  pnoiioally  dry 
And  eleui,  other  enide  rabbeni  of 

rontain  varying  quantities  of  iiii)isttire  nnd 
nii'tihaiuciil  impurities,  suci)  as  sand,  Btonce, 
bark,  Af.,  and  frequently  an  exoeiwive  amount 
of  chemical  '  impuritii  ^.'  such  as  n  sin.  proteid, 
decomposing  animal  and  vegetable  matter,  &c. 
These  rubbers  must  untlergo  a  thorough  process 
of  cinanaing  before  they  can  be  naed  in  the 
factory,  and  this  prooees  oonaiKtfl  sabstantially 
in  jMi-sing  tho  nibixT,  nfter  it  has  Iwi  n  cut  up 
and  steeped  in  warm  water,  through  waahinff 
iollfl>  when  by  it  is  subjected  to  a  oomUned 
procesf!  (,f  wftshinc  and  disintegration.  After 
washing  '  the  rubber  is  dried,  and  the  loss  of 
wei^t  which  reaolts  from  the  washing  and 
drying  operation!  is  termed  *  \\7Mhing  loss.' 

The  following  table  shows  t  he  average  '  wash- 
in?  loss  '  of  a  number  of  the  more  important 
commercial  vanVtipf  - 


Commorciai  Name. 
Fine  Para  (hard  and  aoft  enre) 
N^gro-hcada 
Matto  Giomo  . 
Manirnha  .... 
Manga  bcira 


12-20  p.c. 
20-40  „ 
15-30  „ 
28  -30  „ 
30^  „ 


Congo  wtrieHe*,  better  claai.  sueh  aa 

Tapper  f'onjrn,  Red  and  Black 

Kiittsai,  Kqualeur,  Ae.    .        .  6-12  n 

African  nigfjers  (Soudan.  ("«.nakrv 
Niger)and  Gold  Coast '  Lumps, ' 

*o.   15-40  „ 

Aaaani   UMO  „ 

Nature  of  crude  rubber.  Washed  oomnier  i  il 
crude  or  raw  rubber  consists  of  '  caoutchouc  '  or 
rubber  proper  plu»  var3ring  quantitiea  of  *lni> 
purities,'  of  which  flie  more  important  are  the 
rtAiru  (substances  Nolubie  in  acetone  or  alcobul, 
and,  so  far  as  they  have  been  inTOStigated, 
OODtaiuing  oxygen  in  varying  proportions) ; 
nitrogen  (partly  as  proteid), 'mineral  constituents 
(prineipally  lime,  potn.vh,  and  ma^Miesinra  com- 
pounds), and  insoluUe  maUer,  The  latter  in  the 
eaae  of  jliM  Pars  (Spenoe)  is  of  a  fibrotiB  oharaeter 
and  contains  a  hiLrh  proportion  of  nitrogen, 
possibly  in  tho  shap^  of  a  p!veo. protein.  It 
was  formerly  believetl  that  nililxr  consisted 
tmbiitaotialiy  of  two  isomeric  lK«Ii<  s.  the 
*  adhesive'  and  the  *  nervous'  principles 
re8|K.'ctivcIy,  and  tliat  the  uifloluble  matter  was 
the  '  nervous  '  moietv.  but  thi«  certainly  is  not 
the  oase.  Many  well-prepared  mbbeia  dissolve 


practically  completely  in  nnl-nnry  rtibbcr 
solvcnta,  and,  as  Wtber  showc<i,  tbo  average 
proportion  of  'insoluble'  matter  in  dry  line 
Para  is  no  more  than  3-4  p.c.  With  regard  to 
tho  quantities  of  resin,  nitrogen,  ash.  Ac.,  con- 
lamoil  in  euniinereial  rubbers,  there  i.s  a  wido 
variation  according  to  the  method  of  coUection. 
ooagnlation,  and  snbaeanent  treatment,  many 
of  the  '  native  '  or  '  wild  'rubbers  being  prepare<l 
in  a  very  primitive  manner,  and  arriving  in  a 
wet,  sticky  or  dirty  oondition ;  but  it  may  be 
stateil  that  properly  prepared  j)Iantatinn  nibbera 
(Hei^a)  need  not  contain  more  than  2-3  p.c.  of 
resin,  0'2-<i-4  p.c.  of  nitrogen,  very  little  insoluble 
matter  (1-2  p.c),  and  iindex^  1  p.o.  of  ash.  Fine 
Para  grades  generally  oontam  slightly  more 
nitrogen  arxl  insohible  matter  than  plantation 
grades,  oalenlated  in  both  cases  to  'dry  sub- 
stance.' CastiUoa  and  Manihot  may  be  pre- 
pare<l  to  contain  not  more  than  3-5  p.c.  of 
rosin,  and  suitable  Ficu*,  Funtumia,  and 
Landclphia  species  abo  yield  rubbers  not 
showing  more  than  5-7  pwo.  All  the  rubbers 
referred  to  may  be  prepared  to  naeh  the  market 
in  a  dry,  clean  condition,  and  containing  ronghly 
not  more  than  li-5  p.c.  jointly  of  ash.  proteid, 
and  other  non-rubber  and  non-resin  constitnentst. 

Thr  nthhi'rhyilrocarbon.  On  higlily  |>nrifving 
coraniereial  rublx  r  a  material  is  obtaini  d  w  bich 
approaches  very  closely  to  the  eornjK)si(ioii 
demanded  by  the  formula  (CsH,);!  or  (C,oH,,)h. 
The  balance  of  opinion  appears  to  be  favourable 
to  the  latter.  ^^'it)l  repard  to  the  constitution 
of  tho  molecule.  Harries,  on  tho  basis  of  work  on 
the  fission  pKodnota  of  rubber  otonides,  regards 
itaa  I'ffdimet^yl-oyclo  octjwlicn 

[CHg— CV-OHg— CHr-CH  -. 
CH— <:Sg— GHs-Jt— GHt  J  n. 

The  rubbers  obtaincfl  from  difTi  rcnt  genera  ara 
not,  apparently,  all  identical  in  structure. 
Harries  found  that  whereas  the  oaonides  ol>tain- 
able  from  pnrifle<!  Ihvea  gave  on  hydrolysis 
mainly  lajvulic  aldehyde,  with  la?\ulic  acid  an 
a  secondary  product,  the  reverse  wtM  the  case 
with  ozonides  obtained  from  KUtt»>peroba  and 
from  certain  African  [Landolphia  or  Ftmhunia) 
species.  "The  explanation  offertd  h  that  tho 
ozonide  complex  occupies  a  different  position 
relatively  to  the  pluie  of  the  dlght-rin(^  in  spaea, 
a  ri'i!.  posit  ion  in  the  one.  a  <rn»w- position  in  tho 
oilier  case.  Pickles  has  suggested  that  the 
admitted  chemical  data  rcgartling  the  behaviour 
of  the  nibb<T  molecule  may  be  l>cst  explained 
by  as^uimng  that  it  docs  not  consist  of  a  number 
of  C,oH,,  rings  pulynicrised  to  a  complex 
molecalCi  but  of  a  single  riti  g  containing  a  number 
of  unsaturatod  CJBg  nuclei,  e.g. : 


Cii,  CH,  CH, 

.  .  .  CH,>imCU-(CHt)t~<l«CH-.(CH,)2-.<!;«*CH-(0H,)«^CH, 

c 

If  rnblK-r  i.'<  submitted  to  dry  diHlilktiou  a  ;  the  bttcr  product  a  material  which  appi  urs  i  o  bo 
niind>erol  isomeric  hydrocarbons  of  the  formula  j  identical  with  robber  has  been  svnthr  M -  d  by 
C^H^  are  <ibtaine«l. among  these  iH'ing  Diptntenc  nunierouH  observers  starting  ^vith  Bon  hardat 
(b.p.  171°)  and /«oi)rc«e(b.p.  37-5*)  (g.t).).  From  ;  (1875)  aud  Tildcn  (1882).    J  he  pulymeriwng 
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agents  wliich  have  from  lime  to  time  boon 
empioyeti  hy  different  workers  include  hydro- 
chloric aci<l,  acetic  acid  and  acetic  anhjdridc. 
alkalis,  metallic  sodium  and  potaanum,  and 
▼arious  neutral  salte.   The  operation  oiP  the 

Solymerisiiip  Agent  has  general!;.  ?if  en  assist^nl 
y  boat  and  preasuie.  The  mcchamsm  of  the 
oondeaiatioii  of  iaopffene  to  rubber  my  be 
ezplaiaed  m  foJIom  i— 

CH,  CIT,  , 


I 

C 


CHa 

II 

CH  CH^ 


CH, 


in, 


SublermKtotia. 

commercial  synthetic 


CH, 
S  mdla  laopraw. 

The  manufaclare  of 
rvSiher  will  only  lie  possible  if  a  suitable  low- 
priced  raw  material,  capable  of  transformation 
at  a  low  cost  and  with  a  hifrh  \  icld,  can  Ix'  found. 
80  iar  ibese  oonditions  do  not  appear  to  have 
been  fnlfilled. 

Frnpfrties  of  crude  rubber.  Among  the 
derivatives  of  rubber  which  are  apparently  of 
definite  chemical  composition  may  be  mentioned 
the  ozonide  C,,Hi,(0,),,  oxyprn  dorivntivos 
Cj„H,,0 and  C,oHi,0„  the  broiuidcs  C.jH.jBr* 
ami  C,oH,,Brj.  the  nitrositcs  C,„H,,NjO„ 
{C,,H„N,0,UC„H„N,0,),.andC,„H.,N,„0„ 
and  the  niCroantee  C,oH,  ,N,0«  and  C,,!! ,  «N,0<. 
1 '  t  II  Iphnr  derivntiTee  e/.  below  mulcr  r  nfeaiit* 

Physical  pnperti$$.  Like  most  colloids 
niblior  id  not  (as  was  frfnorally  iH'lit^vcd  formt'rly) 
a  structureless  ma.'vs.  but  possscsscs  a  certain 
atruoture  \'arying  with  the  method  of  propara- 
tifm  and  treatment,  fleshly  ooagulated  rubber 
shows  reticular  stmctOK,  the  *net*  being 
composed  of  the  clobules  originally  jin  smt  in 
the  latex.  The  ffU>bular  particles  persist  even 
after  the  rubber  has  been  dried  and  are  visible 
in  rubbor  solutions  made  from  dried  rubber. 
Films  propan-d  from  solutitins  no  longer  display 
retioalar  structure  nnder  ordinary  circum- 
stances, but  a  pronounced  network  is  formed  if 
such  films  are  subjecttfd  to  the  action  of  diluted 
sulpbur  chloride  (cold  Dt'nrr'lsed).  The  specific 
fmwUyot  dean  commercial  rubber  is  about  0-91 . 
On  warming  the  material,  the  specific  gravity 
jjradnaUy  decreases  and  the  material  becomes 
soft,  then  sticky,  and  finally  '  melu.'  If  crude 
robber  is  cooled  it  hardens  appreciably  at  tcm- 
pemtures  below  (about)  50**F.,  and  at  (about) 
3IS*-40**F.  becomes  quit4t  hanl  and  entirely  loses 
its  elaatieity.  Rubber  that  has  been  stretcho*! 
contract  s  on  warming,  and  heat  is  absorbed.  At 
ordinnrv  t^mporatnreB  fnwhly-ent  BUrfaoee  of 
crude  rubber  a»l!i<  re  f  o  one  another.  Vtilmniscd 
rubber  docs  not  appreciably  harden  or  fjoftcu  on 
I'xpofuro  to  mod»Tale  cold  or  heat,  and  ifl  not 
adhesive.  Vulcanisation  al^o  improvrs  the 
Qteobam<»l   properties   of   rubber  (strength. 


elasticity,  resilience).  The  physical  prfiperties 
u£  crude  rubber  are  indeed  such  that,  but  for 
the  discovery  of  the  process  of  vulcanisation,  the 
indostiy  oonld  never  have  attained  to  more 
than  very  moderate  proportione.  Like  SMtet 
organic  pels  crude  nibW  absorbs  wafer  freely, 
increasing  thereby  mtme  25  p.c.  in  weight  and 
15  P.O.  in  vohuna.  With  petroleum  and  ooal-tar 
hyorooarbons,  carbon  disulphide,  \\-ith  many 
chlorine  derivatives  of  methane,  ethane,  and 
ethylene,  and  with  essential  oils  it  forms  typical 
colloidal  eolations.  The  moet  impottaat  teofani- 
eal  aolvemte  are  *  sol-vent  naphtha  *  (ooal  tar  and 
shale)  and  carl)  11  dl  uli  lii  li  .  Rublxr  solutions 
are  extremely  viscous,  but  the  degree  of  viscosity 
depends  hi^|;dy  on  the  nature  of  the  rabber  and 
on  its  treatment  previouR  to  exposure  to  the 
solvent.  Mechanical  working  greatly  increases 
the  solubility  but  decreases  the  viscosity  of 
crude  rubber.  For  manufacturing  *  solution  ' 
required  for  spiciiding,  partionhirly  where  great 
strength  and  covering  power  arc  rcquin  1,  il  o 
less  the  material  is  worked,  therefore,  the  better. 
Where  a  sohition  is  required  for  cementing  and 
sticking  objects  together,  a  certain  amount  of 
'  working  '  is  desirable,  &»  adhesion  is  thereby, 
up  to  a  certain  point,  increased.  There  appears 
to  be  a  distinct  connect ionjbet ween  the  viscosity 
of  a  rubber  solution  and  the  strength  of  the 
niat^-rial,  and  this  relationship  may  he  utilised 
in  comparing  different  samples  of  rubber  of  the 
same  speeies.  Dry  erude  mbber  is  a  fairly  good 
non  '  I  I'luctor  of  electricity  and  is  u>ed  to  a 
considerable  extent  as  au  iiuier  lapping  (next  to 
the  wires)  in  conjunction  with  an  out<^r  lapping 
of  vulcanised  rubber,  in  electric  hght  and  power 
cables  and  '  llcxibles.* 

Vulcanisation.  The  application  of  heat  to  a 
mixture  of  rubber  and  sulphur  eSeata  a  profound 
change  in  the  oharaeter  of  tiie  raw  material  (see 
alK)vel.  The  proce,-;^  of  vidc4ini  at  1  ii  1-  tins 
process  is  termed,  is  aut  accuni)>aiii(ii  i>y  the 
evolution  of  any  appreciable  quantity  of  su|- 
phurrtte<l  hydrogen,  and  the  reaction,  therefore, 
must  bo  cither  physical  (i.e.  adsorption),  or,  if 
chemical,  of  a  purely  a<lditi  vc  character.  Recent 
research  by  Spencc,  which  to  some  extent  is 
confirmed  by  the  work  of  the  author,  supports 
the  view  that  the  ^moccsh  is  mainly  a  chemical 
one,  and  only  in  a  very  minor  degn^e  of  an 
adsorpti^  oharaeter.  Acoording  to  Weber  the 
effects  of  vnleaniFfltion  are  not  distinctive  until 
the  vulcaniseti  nmtcrial  contains  2-2  t>  p.c.  of 
combined  sulphur  (i.e.  sulphur  not  removable  by 
solvents  or  other  physical  means);  this  would 
correspond  roughly  to  (f ',„Hi9)ioSt.  and  speci- 
mens of  ebonite  (the  pi'  ili.  t  obtained  if  vidcani- 
satiou  is  carrie<l  to  tlte  ultimate  praotioal  limit 
by  means  of  large  quantities  of  sulphur,  pro- 
longed time  and  hi;.di  f emperntures)  prepared 
with  50,  75,  and  lUU  p.c.  ut  sulphur  respectively 
all  3riaided  products  eonUining  approximately 
32  p.c.  of  combined  sulphur,  corresponding 
roughly  to  C,oH,,Sj.  WeWr  concluded  that 
there  is  a  series  of  pro<lucts  betwcn  these 
extremes,  but  later  work  casts  serious  doubts 
on  the  aoeuraey  of  these  deductions.*  Jt  is. 
however,  the  fact  that  the  amount  of  oofn- 
binc"*!  sulphur  stands  in  some  direct  relation- 
ship, if  not  ratio,  to  the  amount  of  sulphur 
emp!ove<l  and  to  th>  time  and  temperatur*; 
of  the  operation.     With  mcreusiug  sulphur. 
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tinra  md  temperature,  the  material  alFter  a 
oertain  period  becomes  gradually  harder  (i.e. 

iiicrrftscs  in  tensile  strength)  and  (irereasos  in 
elasticity.  Broadly  speakine.  normal  soft  rubbers 
eontoin  3-4  p.c.  of  oomraied  sulphur,  hard 
ruhhcT  or  ebonite  20-^0  p.c.  An  cfTeet  .similnr 
iij  that  prfxluced  by  the  combintti  action  of 
sulphur  and  heat  on  rubber  {i.e.  the  hot  cure)  ia 
obtained  by  allowing  a  diluted  (3-5  p.C.)  of 
SjCJ^  in  OSj  to  act  on  the  material.  This 
process,  whieh,  owing  to  the  extremely  active 
nature  of  the  reagent  employed,  can  only  be 
employed  for  ▼nloMiitfng  •wry  thin  fooda — ^for 
if  applied  to  massive  articles  the  exterior  would 
be  much  over-cured  by  the  time  the  solution 
had  penetrated  to  and  adequately  vulcanised 
the  interior — is  called  cold  curing  or  cold  vulcanis- 
ing;, and  i&  accompanied  by  thu  binding  of 
t^ulplmr  and  chlorine,  apparently  in  the  same 
relativeproportioiiB  M  th^  elementa  exist  in 
Sfilt-  «nd  pndtiot  of  the  reaetJon  ienot  im- 
pn>fa«bl7(P|,H,,)— S-S— (C,aHi«).  HiiuciohaeKi 

advances  the  theory  that  ordinary  *  cold -cured  * 
goods  consist  of  solid  or  semi-soud  solutions  of 
this  'end  piodaot'  in  rubber,  jihu  VMjing 
quantitiee  of  adsoi^bed  *  free  *  ralphnr. 

The  rubber  industrtj  ]iroj>er  is  of  compara- 
tively recent  origin.  In  183^0  no  more  than  23 
tons  of  the  crude  material  were  imported 
into  the  United  Kingdom  ;  in  1850,  381  tons ; 
in  187U,  TGoO  ions.  In  1910  the  figure  reached 
w&a  as  high  as  43.848  tons.  The  writer 
estimates  the  total  production  of  raw  rubber  in 
1911  to  be  between  86,000-93,000  tons,  of 
which  rather  less  than  one-hnlf  will  come  from 
the  Amazon  districts,  15,000  tons  from  the 
Eastern  pUmtatibns,  18,0(M>-17.000  tons  from 
Africa,  and  a  similar  quantity  from  Mexico, 
Central  America,  &c.  The  United  iStatcd  con- 
sume about  one-half  of  the  world's  output,  the 
United  Kingdom  and  Germany  each  about  one- 
sixth,  and  other  countries  the  remaining  one- 
sixth.  Production,  principally  owing  to  the 
development  of  the  Eastern  plantations,  is 
rapidly  increasini^,  and  ft  Is  estimated  thftt  in 

1915-1910  the  total  niv  r  : Mxtf  OtttpUt  Will  ttOt 

be  far  short  o£  150,000  tony. 

While,  as  stated,  the  rubber  indnstry  |ttoper 
is  of  recent  ori<;in.  the  first  knowTi  referenw  to 
the  raw  material  in  Euruptan  literature  date^ 
back  to  1525,  in  which  year  r.  Martyr  d'Anghiora 
Pttbliahed  a  description  of  some  robber  ]>Uying 
balls  seen  by  hltn  in  Mexieo.  It  is  clear  from 
the  rocords.principallyof  Spanishand  PorttiLines*- 
writers,  that  the  natives  of  rubber-bearinc 
distriets  have  for  many  oenturiea  past  reoognised 
the  v.nhmble  properties  of  raw  nibb(r.  and 
have  made  theretruui  articles  suth  tta  piayiug 
balls,  pouches,  boots,  and  '  waterproof  *  gar- 
ments. About  1770  friestley  (the  djscoveror  of 
oxvKon)  recommended  the  use  of  the  material 
(wlinh  at  that  time  was  obviously  imported 
from  the  \Ve.-»t  ladies)  for  erasing  pencil  marks, 
hence  the  name  '  India>rubbor,  and  in  1763 
Ifi  ri^sant  and  Macquer  "^'-nt  a  memoir  dealing 
Willi  .the  behaviour  of  the  iiialenal  towards 
variouis  solvents  to  the  I'ari.s  Academy  of 
Sciences.  Tlic  latter  appears  to  be  the  «  a"rliest 
scientifir  j  iper  on  mober  on  record.  Serious 
nflrinjits  tw  [i»,ikr  u>r  (.f  rul>bi  r  iiiduHtriftlly  do 
not  appear  to  have  been  made  until  the  beginning 


of  the  19th  century.  A  process,  patented  by 
Samuel  Peal  in  1791  for  waterproofing  cloth  by 
spreading  it  (hy  hand)  did  not  meet  with  much 
success,  but  about  1825,  Charles  Macintosh  of 
Manehester,  having  diseovered  that  rubber  is 
soluble  in  coal  tar  naphtha,  produced  *  proofed  * 
garmenta  bv  a  practicable  process,  and  this  may 
be  regardedf  as  the  starting-point  of  the  modem 
rubber  industry.  Nevertheless,  it  was  not  until 
after  the  process  of  vulcanisation  was  discovered 
by  Charles  Goodyear  of  Newhaven,  U.S.A-,  in 
1839,  and  independently  by  Thomas  Hanoock  of 
London  In  that  it  dmwvd  rigns  of  becoming 
of  first-rate  importance.  Goodyear  ni  ix' d  n  la^ti- 
cated  crude  rubber  with  finely  divided  sulphur, 
and  on  heating  the  mass  oheerved  the  character- 
istio  n  nd  f^ration  of  the  proporties  of  the  raw 
material  mentioned  above.  Hancock  (who  was 
unaware  of  Goodyear's  work)  observed  that 
similar  results  were  obtained  by  dipping  crude 
rubbear  into  melted  sulphur.  In  IwW  Parkes 
discovered  the  pTnci  s  of  cold  vulcanisation. 
Among  the  earlier  inventions  may  be  mentioned 
that  of  a  masticating  machine  Mid  jwooess  by 
Hancock,  which  nrulf  f  ho  manufacture  of  rubber 
sheet  a  practicable  uj^xTation  and  much  facilitated 
the  produotion  of  *  Mlution.' 

Manufactvrc  of  rubber  goods.  Raw  rulil>er,  if 
we  except  the  best  plantation  grades,  always 
contains  more  or  lees  foreign  matter  (sand, 
dirt,  bark,  moisture,  soluble  proteids,  &c.) 
which  must  be  eliminated  before  it  can  be  used 
for  manufacturing  purposes.  The  process  of 
removing  the  impurities  referred  to  is  termed 
*  washing  J*  The  rubber  having  been  cut  into 
lumps  or  slabs  is  fir.st  steeped  for  some  hours 
in  warm  water  to  render  it  pliable  and  to  remove 
some  of  the  sohtble  imtmrities,  and  is  tben 
passed  through  the  wa.qning  rollers  (^^g.  1). 
The  rolls  arc  corrugated,  diamond  out  or  fluted, 
and  run  at  a  differential  speed  varying  from  0  x  4 
to  one  to<jfh  difference.  While  many  wa.ehing 
machines  are  still  Ix'lt  driven,  modern  practice 
favours  direct  electric  drive  uherover  this  is 
possible.  Fig.  1  shows  a  modem  machine  of 
this  type  by  David  Bridge  &  Go.  A  stream  of 
water  is  kept  running  upon  the  rubber  during 
the  whole  of  I  he  operation.  The  pieces  of  ru  bber 
passing  through  the  rollers  are  converted  by 
the  Cfjmbineo  squeezing  and  disintegrating 
action  of  the  latter  into  a  ruufjh  corrugated 
sheet.  This  sheet,  M-hich  is  of  a  crepe- like 
texture,  is  rejwatedJy  passed  through  the  rolls 
until  it  is  considered  to  be  sufilctendy  dean  and 
thin.  It  is  then  taken  to  the  drying-room, 
where  it  is  hung  on  racks  until  the  moisture 
content  has  been  reduced  to  approximately 
0  25-0-5  p.c.  Very  low  grade,  resinous  rubbers 
cannot  be  dried  tin  racks,  but  are  laid  on  canvas- 
covered  frames,  beneath  and  tfarOVgh  which  the 
air  can  circulate.  Drying  rooms  are  generally 
heated  by  means  of  steam  pipes,  but  the  best 
system  is  that  (tf  jmssinrr  a  current  of  warm  air 
in  a  systematic  manner  through  a  series  of 
drying  ehambem.  The  cooler  (relatively)  and 
drier  the  air  the  bel  t*  r.  for  the  lower  the  tempera- 
ture the  legs!  ihe  rubber  i-n  inclined  1o  Ixconie 
foft  or  '  tacky.'  At  a  temperature  of  about 
StlT.  moni  factory-washed  rubber  can  be  drietl 
in  about  W-A  days  if  the  conditions  of  ventilation 
are  suitabl'  .  A\  hen  dry  the  rubber  is  ready  for 
tncMftcoiion  (if  to  be  osied  for  out  sheet,  certain 
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pradcs  of  thread  or  'solution  ')  or  for  mixing,  '  he  broadly  classified — there  is  necessarily  much 

if  it  is  to  be  manufactured  into  other  classes  of  overlapping — as  follows  : — 
poods.    As  the  latter  constitute  by  far  the  most        (1)    Fillers  '  or  *  cheapeiurs  *  pvre  and  simple, 

important  branch  of  rubber  manufacture  they  comprising  such  substances  as  powdered  chalk, 

will  be  considered  first.  barytea,  ground  rubber  waste,  '  oil  substitute,' 

Miring  is  the  term  applied  to  the  o|>cration  *  reclaimed  '  rubber,  zinc  oxide,  &c. 
by  which  sulphur  and  other  materials  are        (2)  MaUrials  used  for  specific  purposes,  (a) 

incorporated  with  the  rubber.    Very  few  articles  For   increasing  mechanical  strength,    i.e.  for 

arc  made  from  rubber  and  sulphur  only,  firstly,  hardening  or  toughening  goods,  zinc  oxide, 

(xM^auso  of  the  prohibitive  price;  and  secondly,  lithopone,  magnesia  (oxide  and  carbonate)  lime, 

because  *  pure  '  rubber  mixings,  on  account  of  litharge,  ground  glass,  balata,  &c. 
their  softness  and  great  elasticity,    &c.,  are        (b)  For  obtaining  dense,  non-porous  mixings 

unsuitable   for   the   majority   of   commercial  (i.e.  resistance  to  water,  improvement  of  di- 

goods.    The  materials,  other  than  rubber  and  electric  properties),   asphalt,   bitumen,  pitch, 

sulphur,  employed  in  commercial  mixings  may  ozokerite,  &c. 
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(c)  For  improving  vulcanising  conditions, 
litharge,  magnesia,  quicklime,  antimony  sulphide 
(c/.  below  under  Vulcnnidation). 

(3)  Pigments,  such  as  zinc  oxide,  lithopone, 
zinc  sulphide,  antimony  sulphide  ('  golden  and 

*  crimson  sulphide  *),  mercuric  sulphide  (ver- 
milion, cinnabar),  cadmium  yellow,  chrome 
yellow,  chrome  green,  prussian  blue.  Ac,  and 
various  metallic  powders  used  as  '  lustres '  or 

*  bronzes.' 

*  Oil  substitutes,*  obtained  by  the  action  of 
either  S^Cl^  in  the  cold  (white  substitute)  or  of 
sulphur  and  heat  (brown  substitute)  on  colza. 
ra|>e,  maize,  and  other  vegetable  oils,  arc 
generally  employed  with  a  view  to  reducing  the 
specific  gravity  of  low  grade  goods. 

Reclaimed  rubber  (cf.  be-low  under  Waste 
rubber)  is  very  useful  in  the  production  of 
moderate  priced  mixings,  particularly  in  those 
oases  in  which  large  quantities  of  '  minerals ' 
cannot  b>c  employed. 

Fig.  2  shows  a  mixing  machine,  wliich, 
in   general  construction,    is  similar   to  the 

*  washer.'  The  smooth  rolls,  which  run  at 
clifTorcnt  spee<ls,  are  hollow  and  fitted  with 
the  necessary  connections  for  heating  by  steam 


or  cooling  with  water.  Any  material  falling 
through  the  rolls  during  mixing  is  caught  in 
A  metal  tray  sustained  by  appropriate  stays. 
For  the  purpose  of  facilitating  the  removal  of 
sticky  mixings  from  the  rolls  a '  doctor '  (actuated, 
cf.  illustration,  by  gearB)  is  fitted  to  the  rearrf>ll. 
The  first  operation  in  mixing  is  that  of  '  breaking 
down,'  i.e.  of  plastieising  the  rubber,  which  is 

I  achieved  by  passing  the  material  repeatedly 
through  the  hot  rolls,  and  gra<iually  tightening 

I  up  the  latter.  When  the  rubber  is  in  a  thoroughly 
plastic  condition  the  other  materials  (reclaimed 
rubber,  ground  waste, '  substitute,'  other  organic 
fillers,  and  finally  minerals  and  sulphur)  of  the 
mixing  are  gradually  added.  The  aim  of  the 
mixer  should  be  to  obtain  a  thoroughly  homo- 
geneous dough  without  overworking  or  *  tiring  ' 
the  rubber.  In  the  case  of  the  manufacture  of 
the  vast  majority  of '  mechanicals,'  the  dough  or 
comp*)und,  while  still  warm  from  the  mixing 
operations,  is  |>aR'*c<l  through  a  ralenfler  with  a 
view  t<»  obtaining  the  ninli-rial  in  honiogi-neous 

I  sheet  form  of  a  given  thickness.  Most  calenders 
consist  of  a  s«-t  of  three  HUiM-rimiHised.  steam- 

I  hfate<l,  very  heavy  rolls,  generally  fitted  with 

'  tt  change  gcor  bo  that  they  may  operote  either 
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at  even  or  friction  spcecls  (the  latter  for  coating  rubber  dough,  K,  passes  between  the  bowls 
fabrics,  the  former  for  producing  ordinary  sheet),  a  and  B,  and  thence  between  B  and  c,  as  indicated. 
Fig.  3  demonstrates  in  diagrammatic  form  the  The  homogeneous  sheet  so  formed  is  carried 
operations    of    a    thrcc-bowi    calender.    The  ,  forward  by  a  coarse  cloth  unwound  from  roller 


B .  The  calonderetl  sheet  together  with  the 
canvas  is  n)IIod  upcjn  roller  D.  The  object  of 
UHing  the  cloth  is  to  prevent  the  various  layers 
of  rubber  from  sticking  to  one  another.  Calen- 
dered sheet  or  rough  '  compound  '  should  be 
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ftnowe<l  A  period  <*f  re.st  before  it  is  vulcanised, 
BO  that  it  may  recover  from  the  somewhat 
atreniiouM  mixing  operation. 

Vulcnniwlion.  A.  //o<  jrmceMn. — Aceonling 
to  the  cla.HH  of  gocnls  U>  Ix^  nia<le,  the  '  curing  ' 
tJikeH  place  either  in  live  Hteani  (ojnn  or  Mtum 
cure),  in  the  vulcanising  (geuerally  hydraulic) 
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;  press  or  in  hot  air  {dry  heat  cure).  In  the  live 
steam  cure  the  articles  are  either  cxired  in  moulds 
{r.g.  valves,  liuffors,  tyre  covers,  &c.),  or  tightly 
wTapped  with  canvas  {e.g.  hose  of  various  kuids) 
or  simplv  imbedded  in  a  thick  layer  of  French 
chalk.  Fig.  4  is  a  representation  of  a  live  steam 
vulcaniser.  These  vessels  are  made  of  very 
largo  size,  up  to  80  ft.  in  length  and  6  ft.  in 
breatlth.  In  modem  practice  it  is  very  usual 
to  have  a  steam  jacket  fitted  to  the  live  ciire 
vessel,  a  very  material  equalisation  of  tempera- 
ture being  brought  about  in  this  'way.  For  all 
practical  purposes,  then,  the  live  cure  vessel  is  a 
large  autoclave,  wx)rking  with  steam  and  with 
the  usual  fittings  for  control  of  temperature 
and  pressure.  &c.  The  ordinary  vulcanising 
heats  lie  lictween  136*  and  145°C. 

Press  curing.  Fig.  0  is  an  illustration  of  a 
mo<leni  hydraulic  vulcanising  press  by  Messrs. 
D.  Bridge  &  Co.  The  goods,  either  in  moulds, 
or  in  the  case  of  sheet  built  up  in  a  frame,  are 
plaoe<i  between  the  hollow  steam-heated  plates 
of  the  press,  and  pressure  is  then  applied. 
There  is  no  doubt  that  the  greater  the  pressure 
during  curing,  the  better  the  re.sults,  and  in  this 
respect  the  press  has  a  great  advantage  over 
the  live  cure.  Other  advantages  of  the  press  are 
that  relatively  large  articles  of  a  homogeneous 
charact<'r  {e.g.  sheet)  may  be  economically 
tunie<l  out,  and  that  the  pressure  can  be 
regulate<l  inde|H'ndentIy  of  the  temperature.  On 
the  other  han<l.  cceleris  paribus,  goods  cure  much 
more  rapidly  in  live  steam  than  in  the  press, 
and  it  is  a  .somewhat  difficult  task  to  maintain 
the  different  plates  of  the  press  at  the  same 
tempcrattiro.  some  unevonnejjs  between  the 
lower  and  upjxT  surfaces  of  the  gowLs  frequently 
resulting.  It  is  possible  to  combine  the  advan- 
tagcij  of  the  live  steam  c\irc  with  those  of  the 
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press  euro  by  means  of  the  autoclave  press  ^  enclosed  in  an  air-tight  jacket  or  chamber  to 
{pan-press).  This,  in  principle,  conHista  of  an  which  steam  is  admittc(].  For  certain  cIjumm-s 
hydraulic  press,  the  working  parts  of  which  arc   of  goods,  e.g.  tyro  covers,  the  pan  press  is 
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used  to  a  very  considerable  extent  in  modem 
practice. 

Hot-air  {dry  heai)  cure.  This,  aliso  knoun  as 
the  Waddington  process,  is  frequently  employed, 
inter  alia,  for  curing  proofed  textiles  which  were 
formerly  '  cold  cured.'  The  cloth,  on  to  which 
an  appropriate  dough  of  rubber,  sulphur,  &c. 
has  hecQ  frictioned  or  spread  {see  below),  passes 
over  a  series  of  rollers  containetl  in  a  closed 
chamber  heated  by  means  of  a  stt^ani  jacket  or 
cuils.  The  time  and  heat  are  regulated  so  that 
the  material  may  be  perfectly  cured  during  the 
passage  through  the  '  stove.*  The  dry  heat  cure 
IS  particularly  useful  for  vulcaniaing  goods  the 
appearance  or  properties  of  which  {e.g.  goloshes 
or  shoes)  would  be  damaged  by  steam. 

B.  Cold  process.  *  Cold  curing '  consists, 
substantially,  in  exposing  a  thin  layer  of  rubber 
(either  as  such,  e.g.  in  the  case  of  *  cut  sheet,* 
or  frictioned  or  spread  on  a  fabric)  to  the  action 
of  a  2  to  3  p.c.  solutions  of  S,C1,  in  CS,.  With 
the  exception  of  the  types  of  goods  cured  by 

*  dry-heat,'  practically  all  proofed  garments  and 
fabrics  are  cold  cured.  The  first  operation  of 
cold  curing  consists  in  the  manufacture  of  the 
dough,  ior  this  purpose  a  mixing  consisting  of 
rubberonly.orof  rubber  with  minerals,  pigments, 
ftc.,  but  tpiViout  sulphur,  ia  made  in  the  ordinary 
way  on  the  mixing  rolls,  and  after  rolling  out 
to  a  thin  sheet,  is  exjposed  to  the  act  ion  of  solvent 
naphtha  in  a  zinc-lined  vessel.  In  some  cases 
the  dough  and  solvent  are  worked  together  by 
means  of  rollers.    According  to  the  tyj)0  of 

*  dough  *  required  more  or  less  of  the  solvent  is 
employed.    After    the    immersed    sheet  has 


absorbed  sufficient  solvent,  it  is  pas8e<l  through 
the  '  dough  rollers  *  which  run  at  equal  speed 
and  have  as  their  object  the  production  of  a 
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mass  thoroughly  homogeneous  in  composition. 
When  the  solvent  and  mixing  have  been 
thoroughly  incori)orat<«l  the  dough  is  ready  for 
the  next  operation,        that  of  '  spreading  '  (c/. 
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Fia.  6).  The  fabrio  to  be  coated  ia  placed  on  under  the  knife  or  '  doctor  *  o,  over  table  K, 
roUcr  A,  attached  to  a  pioco  of  calico  or  other  and  then  wrapped  round  roller  R.  The  dough 
cloth,  and  the  latter  carried  over  the  roller  B,  |  is  placed  in  the  shape  of  a  thick  roll  or  masjj 


Fro.  0. 


upon  the  fabric  between  the  guides  and  resting 
upon  the  roller  u,  and  against  the  '  doctor  * 
o.  The  lioight,  or  rather  pressure,  of  the  latter 
(repuliited  by  means  of  K,  p')  alxjvo  the  cloth 
dcttTinines  the  thickii&w  of  the  layer  of  dough 
spread  on  the  cloth  as  it  passes  beneath  o.  After 
the  cloth  has  had  a  layur  of  dough  spread  upon 
it  in  the  manner  indicated  it  paaaes  along  the 
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steam-hoated  chest  or  table  K,  the  result  being 
that  by  the  time  it  roaches  the  '  taking-up  ' 
roller  H,  the  solvent  has  evaporated  off.  In 
the  majority  of  oases  a  number  of  coats  of 
'  dough '  are  applied  successively,  even  very 
thinly  spread  textures  frequently  having  15-20 
coats  applied.    The  fabrics  employed  vary  a 


good  deal  according  to  the  prevailing  fashions 
and  are  generally  specially  made  for  the  proofing 
industry.  Fabrics  with  rubber  on  one  side  and 
cloth  on  the  other  are  termed  '  single  texture  ' ; 
where  a  layer  of  rubber  is  contained  between 
two  surfaces  of  fabric,  the  term  '  double  texture  ' 
is  employed.  After  '  spreading '  has  taken 
place  the  goods  are  cured  (i.e.  vulcanised),  the 
sulphur  chloride  solution  being  contained  in 
a  lead  lined  wooden  trough.  Fig.  7  show's 
diagrammatically  the  method  of  procedure.  The 
goods  travel  from  roller  1  to  2  as  indicated,  the 
vulcanising  solution  in  c  being  applied  by  means 
of  roller  b.  By  the  time  toe  goods  arrive  at 
roller  2  they  are  suflBcientlv  cured  and  dry  to 
roll  up.  For  making  '  double  textures  *  the  two 
cloths  travel  towards  one  another,  and  after 
being  cured  in  separate  baths  pass  through  the 
doubling  rollers  together  before  vulcanisation 
has  completely  taken  place.  The  method  of 
attaining  this  result  is  evident  from  Fig.  8,  in 
\^ich  E  and  i>  are  the  doubling  rollers  diagram* 
matically  presented.  The  latter  it  may  be  a<ldc<l 
are  also  used  for  uniting  fabrics  spread  with 
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doughs.  contAining  sulphur,  which  arc  subse-  I  or  should  be.  mado  from  the  highest  grado  of 
quently  cured  in  Ht«am  or  by  dry  boat  and  also  '  materials  only.  Tho  washcnl  rub(H;r  is  iirst 
for  doubling  calendered  sheet.  |  masticated  in  a  machine  such  as  in  sliOAm  in 

'  Fig.  9,  tho  ess<>ntial  feature  of  which  (Fig.  10) 
Manufacture  or  Vahious  Classes  of  Goods,   ig  a  tiutod  roller  b,  whereby  the  rubber  (c)  is 
Cut  aheet,  which  is  employed  for  tobacco-  converted   into   a    homogeneous,  masticated 
pouches,  surgical  goods,  and  similar  articles  is,  dough.    The  hot  mass  is  then  compn-ssed  by 


A    X    A  A 


hydraulic  power  into  cylindrical  or  oblong  block 
moulds,  and  after  the  solid  blocks  of  rubber 
have  boon  removed  from  the  moulds  they  are 
frozen  until  quite  hard.  As  a  rule  refrigerating 
chambers  are  employed  for  this  purpose  nowa- 
dftys.  The  frojwn  blocks  are  now  cut  either  into 
sheets  or  to  a  continuous  band  by  means  of 


Fio.  10. 


rapidly  osoillating  knives.  Fig.  11  illustrates  a 
cutting  machine  for  making  rectangular  sbect«. 
The  carriage  travebi  to  and  fro,  and  after  a 
sheet  has  been  cut  off,  the  block  is  raised  through 
a  height  equal  to  the  thickne».s  of  tho  sheet, 
preparatory  to  cutting  tho  next  section.  Cut 
sheet  goods  are  generally  cold  cured,  but  certain 
articles,  for  instance,  feeding  teats,  are  vulcanised 
by  immersion  in  a  sulphur-oath.  Tho  cut-sheet 
tra<le,  partly  owing  to  the  exix?nsc  of  Inanu- 
facturo  and  partly  to  the  improved  quality  of 
*  rolled  '  sheet  obtainable  by  modem  calender 
work,  appears  to  be  a  declining  one. 


a.  9. 

Elastic  thread  is  mainly  employed  in  tho 
manufacture  of  '  webbings '  (braces,  garters, 
'  spring-side  '  boots,  surgical  appliances,  &c.) 
and  for  winding  the  cores  of  golf  balls.  ^  It  is 
made  either  by  spreading  or  bv  calendering.  In 
the  manufacture  of  *  spread-thread  '  a  number 
of  coatmgs  of  a  dough  consisting  (in  the  caae  of 
j  tho  best  qualities)  substantially  of  rubber, 
sulphur,  and  naphtha  are  spread  or  frictioned  on 
to  sizcHl  calico  or  on  to  cloth  having  a  coating  of 
vulcanised  rubber  as  a  foundation.  Tho  rublx;r 
layer  is  then  dusted  with  French  chalk  (to 
prevent  adhesion  after  stripping),  stripped  from 
the  cloth,  made  true  at  the  edges,  interlined  with 
cloth,  and  wound  upon  a  drum.  Tho  whole  is 
tightly  wrapped  in  cloth  and  then  vulcanised 
in  live  steam.  When  the  cure  is  finished  the 
rubber  sheet  is  removed  from  the  drum,  pasted 
over  with  a  strong  solution  of  shellac  in  methyl- 
ated spirit,  and  whilo  still  wet  wound  upon  a 
roller  (which  has  a  foundation  of  rubber  about  a 
quarter  of  an  inch  thick  to  preserve  the  thread 
cutting  knife  from  damage)  so  as  to  form 
a  cylinder,  which  dries  to  a  com{)act 
block.  The  rubber  is  then  placed  in  a  cutting 
latho  and  tho  thread  cut  to  tho  desired  gauge. 
The  final  oiHTation  consists  in  removing  excess 
of  sulphur  and  shellac  by  boiling  in  a  solution  of 
caustic  soda.  '  Calendered-thread  '  is  made  in 
a  mamier  very  similar  to  '  spread-thread,'  llio 
ess<-ntial  difference  l>eing  that  the  manufacturer 
starts  with  calendered  instead  of  Mprcud 
sheet. 
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Tyres.  Solid  t  if  res  (cab  tyres,  omnibus  tyros, 
riclubaw  tyros.  Sci.)  aro  geiieraily  made  by 
*  squirting  '  aa  appropriate  mixing  through  a 
die  in  the  forcing  m%ohinc,  of  which  Fig.  12  iH  a 
diagrammitic  representation.  The  dough  b 
fed  through  hcn)iNT  A  into  a  8U>-am -jacketed 
chamber  in  which  it  is  carried  forward  to  the  nose- 
piece  c  (in  which  the  die  is  fitted)  by  means  of  j 


the  screw  B.  As  the  t\Te  emerges  from  the 
machine  it  is  coiled  on  a  tray  containing  French 
chalk,  and  is  bubuequently  vulcanise*!  in  open 
steam  or  hot  air.  SixM'ial  kinds  of  solid  tyres 
aro  also  cured  in  moulds,  but  this  method  is 
relatively  exix?nsive. 

Pneutnatie  tyres.  Inner  tubes  are  generally 
made  from  calendered  sheet,  although  very  good 


results  are  obtainc<l  by  some  makers  by  '  squirt- 
ing.' When  calendered  sheet  is  employed  it  is 
cut  to  the  desired  length  and  lapiied  round  a 
mandril,  the  join  being  made  by  means  of  a  slip 
of  rubber  and  ruuber  solution.  Another 
method  consists  in  building  up  from  two  pieces, 


the  joint  of  the  one  being  opposite  to  that  of  the 
other,  or  a^ain  the  calenuerod  sheet  may  be 
wound  flpirally  on  the  mandrU  and  back  again, 
a  practically  jointlcss  tube  resulting.  After 
♦making  up'  the  tulie  is  WTappe<i  tightly  on 
the  maiulril  with  cloth  and  vulcanised  in  live 
steam.  Subsequently  the  tube  is  removed  from 
the  mandril  and  the  ends  joined  up  by  means  of 
'  solution,'  and  a  cold  curing  process,  or  by  some 


equally  appropriate  method.  Occasionally  tubes 
are  cureil  in  moulds,  the  collapse  of  the  tube 
biding  prevente<l  by  the  introduction,  prior  tu 
curing,  of  an  adequate  amount  of  ammonia  or 
ammonium-carbonate  between  the  walls.  This 
principle  is  also  employed  iii  the  manufacture 
of  playing  balls  and  other  hollow  articles. 
Pneumatic  tyre  covers  are  built  upon  the  mandril, 
mostly  by  hand,  from  layers  of  proofed  canvas 
and  calendered  sheet.  \'ulcanisation  of  covers 
is  generally  carried  out  in  moulds,  but  occasion- 
ally they  are  mechanically  '  wrapped  '  and  then 
cureii  in  0])en  steam. 

Hose  of  better  grades  such  as  pressure  hose 
{e.g.  for  liquids  :  lire- brigade  hose,  for  pumping, 
for  brewers'  use,  &c.  ;  for  sUam :  railway 
couplings  and  breaks,  &c.)  and  vacuum  hoso 
(e.y.  for  vacuum  brakes,  for  mining  work,  &c.) 
are  generally  built  up  from  calenden-d  sheet, 
proofed  canvas,  and  other  fabrics,  with  and 
without  metallic  strengtheninz  insertions  such 
as  wire,  metal  bands,  &c.  Most  varieties  aro 
made  in  considerable  lengths — the  usual 
*  standard  '  size  is  (K)  ft. — but  s{>ecial  kutds,  such 
as  railway  vacuum  hose,  are  made  up  in  short 
lengths,  generally  by  hand.  A  number  of 
mechanical  a})pliancc8  arc  used  in  making  up 
various  grades.  Thus  ortlinary  '  friction  '  hoso 
may  \*o  made  (a)  by  lapping  alternate  layers  of 
calendered  sheet  and  canvas  round  a  hmg  mandril 
horizontally  disposed  in  a  hose-making  or 
vrrapping  machine;  (6)  by  drawing  a  seamless 
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inner  tube  over  the  manflril  and  then  lajiping 
or  wrJipping  on  canvas  ;  (c)  by  tirawiag  a  seam-  i 
leu  (*  aquirled ')  tubo  simultaneously  with  a  I 
cinvas  atrip  thr0U;^h  a  machiiu-  which  fold-!  tho 
latter  over  tho  tubu ;  {d}  by  ^pmmng  n  yum  on  to 
Iftpped  aheet  or  seamloas  tube. 

Buffert^  vaivttf  6ic.  Simple  buffers  ('  buffer- 
springii ')  an  made  by  vuloanisiug  in  moulds 
calendered  sheet  which  lias  hcvii  lai)|X'(l  round  a 
maodril  until  the  requisite  thickaess  is  obtained. 
Lt  some  omm  the  goods  mn  wpwately  fuhkmed 
prior  to  curing,  in  others  tho  finished  article  ia 
obuined  by  cutting  a  section  of  the  required 
thickness  from  the  vulcani.scd  cylinder. 

Bdlin//.  A  suitable  dough  is  sprfrtd  or 
frictionod  ou  to  both  sides  of  strong  proofed 
canvas,  and  after  the  latter  has  been  cut  into 
strips,  »  nombsr  of  the  Utter  «re  built  qp  until 
the  requisite  tUokness  is  obtsined.  Saen  belts 
ftre  vtilcanir^cd  in  long  hydraulic  prcs-ios. 

HuU  and  heel  pads  and  many  other  small 
artiolsa  sro  stamped  from  calend^ed  sheet  aad  |  gnwles,  however,  are  gradually  affected  by  tho 


designed  to  remove  all  dirl,  fibre,  metal  particles, 
&o.,  from  the  material,  followed  by  treatment 
under  ▼uying  eonditionB  with  chemical  agents 
such  as  alkilis,  acids,  snlphitos,  t^c,  with  a  view 
to  removal  of  as  much  a<i  |>0!ssiblo  of  tlic  free 
sulphur  and  other  non-rubber  constituents* 
While  it  has  been  recently  stated  that  '  ie> 
claimed  '  from  which  substantially  tho  whole  of 
the  combine<l — a.s  well  aa  the  free — sulphur  has 
been  removed,  in  being  maau£aottired«  the  writer 
hss  not  yet  oome  sommb  sn  artiole  of  this  nstnre. 
Gt'od.s  of  excellent  quality  arc  also  produce<l  by 
the  su-oallcd  rtjorming  process,  which  consists 
broadly,  in  the  application  of  heat  and  pressVM 
to  powdflced  or  flacod  scrap  in  »  mouUL 

PuurEUTlES  OF  VULCAKISBD  RUBBEK. 

It  will  be  obvious  that  vulcanised  rubbers 
must  vary  enonunisly  itOet  «e  m  their  properties, 

acconii:  ;'  t  o  tho  nature  of  the  niixing.s  emploj'ed, 
the  methods  of  'curing,'   kc.    I^actically  all 


subsequently  vulcanised  in  moulds. 


'■  action  of  air  and  light,  becoming  hard,  and  finally- 


HitigM  are  either  made  by  '  solutioning  '  i  brittle,  but  tho  effect  is  particularly  rapid  (a) 
together  tape  or  oord,  or  by  eutting  fimm  •  tnbe  in  improperly  owed  goods,  piutiottbwly  if  there 


in  the  lathe 

Tubing  ia  either  *  squirted  '  or  built  up  by 
pressing  together  the  bevelled  edges  cfoalenderMl 
sheet  out  to  the  requisite  width. 

j^oncle,  valooiufe,  or  hard  rubber  b  tho 
product  obtained  by  vulcanising  for  a  prolonged 
period  (e.^.  fur  6  hours  as  against  2  hotirs  for 
soft  goods)  a  mixing  containing  a  high  propor- 
tion {e.g.  25-40  p.c.  as  agauist  5-10  p.e.  for  soft 
goods)  of  sulphur.  Except  whan  mixed  with 
pigments  *  hard  rubber '  is  a  material  of  an 
el^ny-black  colour,  relatively  hard  aiui  inelastic 


is  an  excess  of  free  sulphur ;  \b)  in  ^oods  contain' 
ing  a  large  quantity  of  mineral  iulers  and  *  re- 
claimed '  or  waste  rubber.  This  hartlening  may 
be  due  either  to  (a)  *  after  vulcanisation/  or  to 
(6)  oxidation,  or  both,  but  herons  'after* 
vulc  ajiination  *  is  favoured  by  storage  in  a  warm, 
dry  atraoyphere,  exposure  to  light  causes, 
particularly  at  higher  temperatures,  rapid  oxida- 
tion. The  oxidation  of  rijt>f"r  r*  it!'-  in  the 
foriuatiou  of  resinous  eoinjjuun*!.,  tyi  ■i,  Jiich 
certainly  one  is  soluble  in  resin  bolvent.n, .sue  has 
acetone  or  alcohol  (filler's  resin),  the  other 


and  yet — if  of  good  qtiality — capable  of  bdmg  (Burghardt*s  Rsin)  insoinble.  Besides  light,  air, 
bont  to  a  consideraljle  degree  witnout  breaking. 
It  will  take  a  high  polish  and  may  be  turutni, 
and,  after  softening  by  heat,  moulded  and 
pressed .  The  better  grades  [i.f.  those  made 
from  rubl>er,  sulphur,  and  high-class  ebonite 
dust  only)  are  very  indifferent  to\vards  chemical 
reagents  such  as  acids  and  alkalis,  and  on  this 
account  they  are  largely  employed  in  chemical 
factories  (pumps,  pipes,  acid  (  (x  kx,  acid  resisting 
coverings,  &o.},  for  accumulator  oases,  &c. 
The  ebmite  *  nuxing '  is  prepared  in  substantially 
the  -same  way  as  that  used  for  soft  rubber  goods, 
but  great  caro  must  be  takm  to  use  materials 
mbsonitely  free  from  mnd,  grit,  and  similar 
impnritiej!,  and  the  mixing  must  be  of  a  very 
thorough  nature.  Sheet  clwnit-u  i&  gcuuraliy, 
with  a  view  to  obtaining  a.good  surface,  covered 
with  tinfoil  prior  to  curing,  the  latter  operation 
taking  plaoe  in  the  wst^-toth  between  oast-iron 
jilat'  s.  Moulded  ebonite  good>i  of  higli  grade 
are  cured  either  in  glass  or  in  metal  covered  with 
some  material  possessing  an  absolutely  smooth 
surface. 

WaMc  Tuhbcr.  ilany  thousands  of  tons  of 
waste  rubber  are  collected  annually,  tho  better 
grades  (e.^.  motor  inner  tubes  and  good  *  oold- 
cure<l '  scrap)  fetching  relatively  high  prices. 
The  bulk  of  it  is  employed,  (a)  after  washing  and 


and  (particularly  dry)  heat,  rubber  is  also 
seriously  affected  by  even  slight  traces  of  copper 
and  by  vegetable  tad  mineral  oils.  The  eSeot 
of  these  agents  appears  to  be  chiefly  that  of 
hastening  oxidation,  but  oils  have  a  solvent 
action  as  welL  According  to  Bing  the  hardening 
of  rubber  is  always  accompanied  by  the  forma- 
tion of  traces  of  free  sulphuric  acid.  Strong 
sulphurio  and  nitric  acids  rapidly  attack  i'wn 
high  grade  soft  mbben,  but  towards  dilute  acids 
they  are  relativdy  stable ;  but,  natuially,  mixings 
containing  soluble  substnn<  -  such  as  zinc 
oxide,  magnesia,  calcium  carbonate,  &c.,  will  be 
affected  according  to  Uie  quantity  of  these 
and  tho  nature,  strength,  and  t^'mjieraturc  of 
the  acid  in  question.  High-grado  mixlDgii  uru 
very  sUUe  towards  alkalis,  but  in  this  case  also 
the  presence  of  8ul»tanoes  soluble  in  or  chemically 
mouifUble  bv  the  reagent  {e.g.  zino  oxide, 
antimony  sulphide,  .samni liable  matter,  Ao.) 
will  cause  the  goods  to  be  affected. 

Physical  properUe*.  Compared  with  crude 
rubb<'r,  vulcaniseil  nibber  is  relatively  insensi- 
tive to  changes  of  teuipcrature.  It  is  relatively 
impermeable  to  Avater  and  gases,  and  on  this 
account,  as  is  well  known,  is  largely  used  in 
waterproofing,  electrical,  and  balloon  industries. 
Mixings  composed  of  rubber  and  sulphur  only 
grinding,  as  »  filler  in  medium  to  low  grade  mix-  j  are  not  the  most  suitable  for  resisting  water, 
togft,  (6)  as  a  basis  for  the  manuf^ture  of  '  re*  |  snmll  quantities  of  such  materials  as  bitumen. 


claimed  *  rubber,  (c)  for  the  purpose  of  makiii 
*  reformed  '  articles.  Tho  varioug  processes  useii 
in  the  manufacture  of  reclaimed  mbber  consist 
«u  h~t  nntiall  v  of  a  series  of  pcoliminaxy  operations 
Vol.  IV.— T. 


)it<  h,  ozokerite,  &o.,  caiising  an  improvement 
from  this  point  of  view.  '  i*uro  '  mixings  ( v. 
Henri)  aro  also  mote  snsoeptiUe  to  attack  by 
the  aotinio  rays  than  articles  prepared  with 
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miitftble  mineral  fiUen,  and  in  the  mudm  wbj 
ortide  rubber  ia  more  muoeptible  thMi  tha  Taf* 

catiisctl  article  Rubht-r  ia  ati  oxt  rllcnt  electrical 
insulaU>r,  ami  in  the  soil  turm  m  largely  lued  for 
lighting  and  power  cables  and  'fleziblos,*  «nd 
as  i-l)ouitf'  for  switch -hoards,  tran^iformcr  tubes, 
and  so  on.  High -class  cables  and  tlexiblcs  are 
geneimny  nude  with  »  lapping  of  erode  rubber 
next  to  the  wire,  and  this  is  covered  with 
vulcanised  strip,  the  object  being  to  prevent  the 
action  of  the  sulphur  in  the  latt«r  on  the  con 
uotor.  For  aubmanne  oahiee  rubber  ia  very 
ttle  nsed  (ezoepting  for  shore  end  oonneotions 
ranning  thnmgh  verj'  sliallow  water),  the 
main  reaMJUH  being  (a)  the  diifioulty  of  making 
Mtisfactory  joints  (6)  th«  xd*tively— aa  com- 
])are(i  with  the  best  f^itta-pcrcha — unsatis- 
factory resiutanoe  to  water  at  lii^  prctuiure,  (c) 
the  dUBoiilty  of  entirely  prevenung  «ay  wrtion 
of  the  sulphur  on  the  oouduot^/ 

Mechanical  properties.  BtfCoer  w  an  Indus* 
trial  iiiatt  riHl  is  chii  fly  valued  on  account  of  its 
meohaoical  properties.  These  will,  naturally, 
vary  with  the  nature  of  the  mixing  and  eure,  but 
v.i'hin  reasonable  limits  high-grade  soft  rubbers 
cuiiitjrm  to  certain  general  laws  in  a  manner 
indicating  the  predominant  and  specific  influence 
of  the  baitis  uiateriaL  Those  laws — so  far  as 
they  apply  to  tensile  properties— formed  the 
subject  of  a  lucid  research  by  St^vart,  and 
brietiy  stated  are  as  follows :  (a)  the  efieot  of 
the  load  is  inversely  pn>iortional  to  the  crow* 
sectional  arfa  ;  (6)  the  total  fxlcnsiliil  t f..  . 
elongation  at  bre^ik)  i^*  independent  of  the  urOi^^- 
eeetional  area ;  (c)  extensibility  ia  not  direetly 
proportional  to  the  load,  but  incrrnses  vith  >>oual 
increments  of  load  to  a  maximum  and  then 
decreaaes*  .This  maximum  is  independent  of 
the  crosd-sectional  ama,  and  for  high-grade  soft 
rubbers  lies  very  oloee  to  the  pomt  at  which  the 
material  has  hrm  extended  to  double  its  orj;.'iiinl 
length ;  (J)  tho  relation  bet\i'een  extension  and 
Imq  is  of  a  complioated  nature,  the  curve  by 
which  it  may  bo  expre*!S»ed  being  probably  of  a 
higher  order  thtm  the  third  jjowctr  ;  (e)  the  load 
neoeesary  to  produoe  a  specific  exteoaioii  is  pro- 
Ijortiunal  to  the  cross-sectional  area;  (/)  the 
modulus  of  elasticity  of  rubber  is  a  varying,  and 
not  (as  with  metals)  a  constant  quantity  ;  (g) 
the  maximum  distonsibility  is  accurate!}'  rpprp- 

sented  by  the  formula  ^  — ^j<^<  where  x  in  a 

constant  dcpuudont  on  tho  quality  of  the  rubber, 
to  the  orignud  length  of  the  test  strip,  E  the 

mean  value  of  the  moduhiH  of  rlnstieity,  and  S 
the  cross-sectional  area.  Perhaps  tho  most 
oharacteristic  feature  of  soft  ivhber  eurves  is  the 
inversion  of  sine  at  a  point  corresponding  roughly 
to  an  extension  of  the  material  to  twice  it« 
original  length.  It  is  also  bii;hly  i  haracteri.'<tic 
of  gou<l  soft  rubbers  that  as  the  brcaldng-point 
is  approached  the  mistanoe  to  extension  rapidly 
iner<">si'^,  or.  in  irth>  r  wurds-.  the  ciir\e  flattrns 
rapidly,  and  the  exunision  lor  an  equal  increment 
of  load  rapidly  diminishes.  Poor  rubbers,  i.e. 
those  containing  large  quantities  mineral  or 
other  hllers,  do  not  display  iheiic  ehiiracieristic 
features  ;  on  the  contrary,  they  behave  much  as 
do  metals  or  other  rigid  materials ;  there  is  no 
reversal  of  sine  and  tiie  resistanoe  to  tdnsion 
<lecrcasr^  r  ijiidlv  ,1-  tie-  lireakiii'_'-]'oiiit  iiiared. 
Rubbers  uhich  havo  beeu  undcrcurcd  exhibit  a 


relatively  high  estensihility  and  low  breaking; 
I  strain,  over-oured  rubbers  {eoderi»  par9nui)  the 

I  reverse.    When  I>-)th  exten.sil)ility  and  breaking 
strain  are  low,  tho  presence  of  a  considerable 
j  proportion  of  low-grade  rubber  or  of  non-mineral 
tillers  (i.e.  waste  or  reclaimed  nibbcr.   &c.)  ia 
indicated.    Where  the  extensibility  and  *  oum- 
I  bined '  sulphur  content  aro  high,  but  the 
.  strength  poor,  the  cause  may  be  the  ovcrAvorking 
■  of  the  rul>her  »m  tho  roLU.    Soft  rubbers  of  good 
t  i  '         I  I  -   houlfl  ])osseR.s  a  breaking'  stram  e>f 
.  i01KI-2dOU  lbs.  per  square  inch,  and  an  elongation 
I  at  break  (taking  the  original  length  as=sl)  of 
8-10.    Medium  soft  to  hardisli  rubbers  of  the 
same  grades  should  break  at  1200-3000 lbs., and 
j  exhibit  an  elongation  of  t.>-8. 
I      Compression.    Rubber  is  practically  incom- 
I  pressibic,  the   figured   obtained   by  different 
authorities  being  substantially  of  the  same  ordt  r 
i  as  those  for  water.  Ihe  volume  of  »  mass  of 
I  rubber,  therefore,  remains  oonstuit,  whatever 
'  deformation  it  may  undergo. 
I      liysUreJiis.    If  a  strip  of  rubber  is  stressed 
!  to  a  point  short  of  the  break  and  the  load  ia 
;  then  removed,  it  will  not  return  absolutely  to 
its  original  length,  but,  according  to  the  nature 
of  the  mixing  and  load  applied,  will  show  a 
certain  amount  of  '  set.'   That  is  to  say,  the 
retraction  curve  will  not  comcide  with  tho  elon- 
gation curve,  the  two  formiiiL;  a  loop.  Thi.s 
effect  has  been  termed  hyeUrtsU  on  account  of 
its  analogy  to  the  phenomenon  associated  with 
the  demagnetisation  of  iron.    Tlio  nature  and 
,  area  of  tl  lose  hysUrtsia  loops  (Schwartz  and 
others )  afford  valuaUa  data  ragaiding  tha  quality 
of  a  rubber. 

I  Tbchxical  Examination  of  Kubbee  Goods. 

Crude  niblier  and  vulcanised  g<KMl.s  are  fre- 
(luently  (on  the  part  of  the  seller  maml^'  with  a 
view  to  control  and  improvement  of  manu- 
I  facture,  on  the  part  of  the  buyer  from  the  stand- 
j  point  of  aaoerh&iing  value  or  quality  or  9I  ooii> 
trolling'  contracts)  submiited  to  ohemioal, 
physical,  and  mechanical  tests. 

Crude  rtiMer.  Substantially,  the  vahie  of  a 
crude  rubber  depends  (a)  on  tho  quantity  of 
actual  rubber  contained  ;  (6)  on  the  quality  of 
the  latter  ;  (c)  on  tho  nature  of  su<dl  ol  the  SUb- 
stances  other  than  rubber  which  axe  noo-remov- 
able  by  the  ordinary  works  methods  of  purifica- 

tiun  (sleeping  and  Wiishing).    The  quantity  e'f 

I  rubber  is  generally  estimated  by  difiercnoe, 
I  determinations  of  moisture,  tcaiii,  asli,  tdtrogan* 

'  and  of  insoluble  matter  giving  the  necessary' 
data.  There  is  a  certain  amount  of  oveir- 
lapping  between  tho  '  ash,'  *  nitroL-en  '  firenerally 
calculate<l  as  proteid),  and  'insoluble'  matter, 
which  must  be  taken  into  consideration.  'I'he 
I  estimations  refernxl  to  arc,  if  iK>ssil)]e,  carried 
I  out  on  vnahtd  goods,  and,  naturally,  when  work- 
i  ing  in  this  way,  *  washing  loss '  must  be  allowed 
for.  With  regard  to  tin  quality  of  the  rultber. 
Botnc  h<isi.s  of  compan.son  lK?tween  ditlereut 
samples  of  the  mmt  «pccie«  is  affonlcd  by  a  deter* 
mination  of  the  risen^ity  of  < heir  f-olu(i<iiis,  but 
the  best  method  uiidonlitedly  is  thatof  vulcanisa- 
tion. In  onlinarv  vul<  ani.-inr;  expraimcnta  the 
aim  should  be  to  obtain  tho  besi  cure,  and,  as 
this  varies  oonsideraWy  for  different  rubbers,  it 
is  apparent  that  it  is  dinKuH  to  enunciate  any 
simple  standard  vulcanisation  test.  Vulcanised 
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samples  should  Ihj  tested  certainly  in  regard  to 
their  meobaaioal  propertiea,  smd,  also,  where 
pcMsibK  in  tepuA  to  twlttTkNir  on  ttofU^  Li 
H{K>ciaI  cAses,  of  course,  chemiOftl  Mid  j^jrioal 

UtstA  {cj.  below)  will  be  useful,  .  uame  u£  H.  khastana.    This  form^  accorUing  also 

Vvlcanmd  goods.    C.'hemioal  analyBW  and  '  to  Watt,  is  the  richest  in  madder  dyo  principle. 

7)h\  .sir'il  ar.d  mechanical  teste  aro  omployed  by  It  is  occasionally  met  vnth.  in  Sikkim,  but 
ihti  manutacturer  with  a  view  to  matching   attains  its  greatest  developnu>nt  eu.stward  in 


RUBIA  KHASIANA.  According  to  Watt 
(Diotioni^  oi  the  fksonoinio  fzoducta  ol  India, 
v«L  tL  fnl),  there  esdeta  »  Tuielgr  of  the  R. 

Cf"-dif:ilia  (Lijin.  I  t  )  ^vhich  ho  has  assigned  the 


samples  and  for  controlling,  improving,  and 
inveetigating  defects  in  maaulactuie.  The 
Imjrer,  as  a  rule,  tests  the  goods  in  order  to 
ascertain  whether  they  conform  to  •  sample, 
oontiaot  or  speoifioation. 

Chemb^  OMf^tfiis  is  employed  with  a  view 
to  dct  Tiriini;  inter  alta  (a)  the  state  of  vulcanisa- 
tion [sulphur  combined  icith  rubber  and  free 
sulphur) ;    (6)  substant'cs  .soluble  in  acetone  < 
(rubber  resins,  oily,  imraftin,  &c.)  ;  (c)  substances 


such  as  bitumtn,  pitch,  aiid  tar ;  {d}  isajxjmliablc 
matter  ('  svb^itutes '  made  from  vegetable  oils, 

4>G.) ;  (e)  other  '  fiUen  *  (ohie^  numnU  matter,  thick  powdeiy  layer  of  a  giej  pith 
oooMionally  fibres,  fret  amm,  «lareft) ;  and  ( / )  stance,  and  looks  altogether  different 


the  Kh&sia  and  Naga  Hilk.  It  BeemB  nowhere 
to  be  met  with  to  the  west  of  Sikkim.  This 
dyestuff,  according  to  Ferkin  and  Hummel, 
yields  colours  precisely  eimilar  to  those  given 
by  R.  cord^olia  and  M,  tikkimensM  (Kurz),  but 
it  possesses  a  Bomewhat  greater  oolooring  power 
than  dtlur  (J.  Soe.  Chem.  Ind.  1804, 13,  348). 

A.  G.  P. 

RUBIA  SIKKIMENSIS  (Kurz).  This  Indian 

dyc-?tutf  is  closely  allied  botanically  to  Pnhiti. 
cordi folia  (Liuu.)  ;  the  dried  root,  which  h^a 
a  rough  fluted  appearance,  is  covered  with  a 

'  dike  sab* 
from  the 


rublx-r.  the  presence  of  old  (scrap)  niM  ■  r  or  round,  smooth,  straight  roots  of  /?.  cordifolia. 
*  reclaimed.'  *  Rubber  '  is  generally  determined  It  occurs  along  with  the  allied  species  above 
by  difletenee^  the  presence  of  *  reclaimed '  or  i  mentioned  in  Sikkim  and  eastward  to  the 
waste  rubber  may  generally  be  inferred  with  I  Kh&sia  and  Nai;,i  hills  where  it  is  perhaps  the 
considerable  certainty  if  the  combined  '  sulphur  ;  most  common  m  it  in  certainly  the  largest  and 
is  high,  the  acetone  extract  abnormal,  ana  the  i  most  handsome  species.  Although  the  root 
tensuo  tests  show  poor  results.  has  long  been  ooUeoted  and  sold  in  the  bazaars 

Physical  and  physico-chemical  tests  which  ,  at  Darjoeling,  the  plant  was  not  named  or  even 
have  practical  value  include  (n)  the  dcterniina-  known  to  exist  prior  to  1H74,  having  escaped 
tion  of  the  effects  of  various  reagents  such  as  i  the  attention  oi  botanists^  who  appear  to  have 
aeids,  alfaUis,  oils,  fto.,  on  the  weight,  volume,  I  mistaken  it  for  R.  cordifolia.  The  Lepehas  of 


and  mechanical  properties  of  the  niat<  riiil ; 
(6)  steam  and  dry  neat  tests  ;  (c)  electrical  tests 
■noh  as  speeifio  resistivity,  surface  resistanoe, 
and  dielectric  strength ;  (d)  specific  gravity, 
]K)rosity,  permeability,  bursting  tests,  &c. 

Mcc)ianical  ItM-n  comprise  %rUcr  alia  general 
tensile  testa  (frraointiy  «<ra»nj  don^a^ton  at  break, 
luanre  of  ewvu  ol  tiilsrmeiiiole  loads,  elongation 
at  constant  Ifxid  and  vice  versa,  rrptnted  stretch' 
ings,  hysUretis  tests,  &c.),  compression  tests 
(eoMfMnessioM  eorret^ponding  to  specif  loads, 
rfpentcd  compression,  hammrr  tfM,  recovery  after 
compression  for  specific  time,  &c.),  abrasion 
tests,  hardness  tests,  and  elasticity  tests. 

The  following  is  a  list  of  a  few  of  the  more 
important  works  dealing  with  subjects  referred 
to  in  the  above  article. 

BtbUoara^y,  (a)  General  Rubber  (P. 
Sohidrowite,]ietfaaen,  1911).  India-Rabber  and 
It  :  ^^Hnufacture  (H.  L.  Terry.  Constahle.  lfK»7). 
Rubber,  Gutta-Percha,  and  Balata  (F.  (  lout  h). 

(6)  Ovilltral  and  botanical.  The  Pliysiology 
and  Diseawp  of  Hevoa  Brasiliensis  (T.  Pctcli. 
IhUau.  1911).  Hevoa  BraRiliensis  or  Para 
Rubber  (H.  Wright,  Machiren.  1!M2). 

(c)  Manufacture.   Crude  Rubber  and  Cbm- 
pounding  Ingredients  (H.  C.  Feanon,  India*  I 
Rubber  Publishing  Co.,  lOlO).    Tli.-  Manufacture 
of  Rabbet  Goods  (Heil  &  Esch ;  English  ed., 
OrilBn.  1909).  > 

(d)  Chemistry,  analysis,  and  hstinf/.  T)vr 
Kautschuk  u.  Seine  Prlifung  f Hinriclisen  it 
Mcmmlcr,  Hirzel,  1910).  Ihc  Analyse  des 
Kautschuk^.  Sec.  (Ditnmr.  Hartlebon,  1909). 
The  Chemistry  of  India-Rubber  (C.  O.  Wilier, 
Griffin,  1902).  T  S 


Sikkim  do  not  appear  to  know  that  It. 
sikkimensis  yiuldd  the  madder  dye.  but  in 
the  Naga  hills  and  in  Manipur  thia  species 
alono  suppliea  the  brilliant  red  dye  used  by 
the  hill  tribca  (sec  Dyes  and  Tans  of  India, 
154 ;  Special  Catalogue  of  Exhibits  by  the 
GoTecnment  of  India,  Colonial  and  Indian 
Exhibition,  1886). 

The  examination  of  this  root,  by  an  identical 

Erocess  to  that  detailed  in  connection  with 
[unjeet  {B.  cord^feUa),  has  tadieated  that  the 
phenolic  constituents  are  purpurin,  mvngi^Hn 
and  purpurojcaidlun.  A  trace  of  a  red  colouring 
matter  approximating  to  C,jH^Ua  in  formula 
was  also  isolated,  but  the  individuaii^  of  this 
compound  has  not  been  definitely  established. 

Ih/rivg  projMrtit/i.  Tlu!  ai)plication  of  R, 
*ikkimcnsi4  root  in  dveing  presents  no  difficulty. 

Oslieo  printed  with  iron  and  alumina  mor> 
danfs  may  be  dyed  without  any  addition  of 
calcium  carbonate  or  acetate-  to  the  bath  since 
there  is  a  sufficiency  naturally  present  in  the 
root.  Generally  speaking,  the  colours  with  the 
cUllercnt  mordantii  aro  similar  to  those  obtained 
from  madder,  but  the  reds  and  chocolates  are 
much  blner  being  devoid  oi  vellow,  and  the 
lilacs  are  deddedly  greyer.  The  oolonm,  how. 
I'ver,  are  precisely  similar  to  those  obtained 
from  if.  cordifolia,  the  latter  possessing  nearly 
a  half  more  dyeing  power. 

Comparing  the  colours  en  r  ;<ljnary  stripe 
mordanted  calico  given  by  pure  purpurin  and 
R.  sikkimaims,  a  may  marked  difference  is 
noticeable  ;  the  former  gives  very  yellowish-reds 
and  chocolates,  full  pinks  and  purplish  lilacs, 
while  the  latter  yields  very  bluish-reds  and 


R0BER¥THBIO    AGIO,  or  Rubeiythiinic  ^  chooolatos,  bare  pinka  and  g^epTsh  liiaca. 
Mid  «.  AusABtK  AKn  AUZSD  ooLOVBiHa  VAT*  (     The  dyeing  power  of  JL  stMimeiMis  is  equiva- 
(;  also  OtucosiSBS.  'lent  to  ita  containing  0'37^)'5  p.c.  pntpnrin 
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(Perkin  uid  Hummel,  Chi»m.  800.  Tcmm.  1883, 
63,  1157).  A.  G.  P. 

RUBIACIC  ACID.  RUBIAOUI,  RUBIADni. 

habianin  v.  Maddek. 

RUBIADIN  6LUC0SIDE  v.  Glucosidbs. 
RUBIADIPIN,  RUBIAFIN  v.  Madder. 
RUBIANIC  ACID  v.  Glucosidbs;  Auzakin 

AND   ALLIED  COLOUKIXO  MATTEKS. 

BUBIDEHYDRAM  v.  Maudbb.  i 

BUBIDINB  V.  Azo-  ooloubtno  matters.  ' 

RUBIDIUM.  Rb.  At.wt.  84-78  was  ..lis- 
oovered  by  Bimaea  aud  Kirohoii  by  meaas  oi 
the  s^eotfOMope  io  1861.  la  imaU  qiuuititiM» 
rubiflium  is  very  widely  distributed  in  iiiituro  ; 
it  uccurs  in  many  niiuerabi  suclx  Icucitt, 
tr^i>hMUt  porphyrile,  mica,  orthodaae,  carnal- 
lite  (Feit  and  Kubierschky,  Chem.  Zeit.  1892. 
16, 335) ;  in  nearly  all  iron  ores,  in  some  aluminous 
minerals  and  in  many  meteorites  (Hartley  and 
Bftmage,  Chem.  Soo.  Trans.  1897,  533,  547). 
It  is  also  pwent  la  many  mineral  springs,  in 
B€a  wator,  seaweed,  beetroot,  t^jbaccD.  in 
various  kinds  of  cofiee  and  tea,  in  crude  cream 
of  tartar,  in  potashes  from  various  sources  and 
in  the  iish  of  the  oak  and  of  some  iH  trh  trees, 
but  rubidium  cannot  replace  potatihium  as  a 
plant  food.  For  modes  of  eeparatlon  from  its 
minerals  and  from  caesium,  v.  Muthmann  (Ber. 
1994,  2«.  1019.  1425) ;  Formdnek  (Oe.<?terr,  Chera. 
Zyit.  isyy,  2,  3</J)  ;  Feit  ,ui<l  Kubier.-,chky  (I.e.) ; 
Lemoine  (BulL  Auoo.  bdgo  dm  Cbim.  [9]  12, 
344);  WeUs  (Amer.  Chem.  J.  1961.  86,  966); 
Archibald  (Chem.  Scx'.  Trans.  1901,  77f)).  The 
metal  can  be  obtained  by  heating  u  mixture  of 
sugar  charcoal,  ignited  aoid  rubidium  tartrate 
and  calcium  carbonato  at  a  while  heat,  or  by 
distilling  the  hydroxide  with  magnesium  (Erd- 
mann  and  Kuthner,  Annalen.  189(i,  294,  55). 

Uackspiil  prepared  metallio  rubidium  •  by 
heating  the  ohioride  with  metaUfo  oaldiim  in  an 
iron  bnat  in  a  vacuum  and  th<-n  distilling  off  the 
metal  (Oompt.  rend.  1905,  141,  lOG). 

Rubidium  is  a  sflver  white  readilv  volatile 
metol  of  f^p  ._'r.  1  ."2,  m.p.  38-5''  and  b.p.  096°. 
Like  potassium,  ii  iorm^  amalgams  with  mer- 
cury, an  explotivie  oompouno  with  ttubon 
monozideb  oxidises  rapidly  in  air  and  bmnii  in 
water  with  liberation  of  hydrogen.  Muiy  of 
the  minerals  in  which  it  occurs  and  its  salts  are 
radioactive  (Campbell,  Proo.  Cambs.  Philos.  Soa 
1000, 15,  11 ;  Stiong,  Amer.  Ohem.  X.  1909, 4S; 
147 ;  Biichncr,  Proc.  K.  Akad.  Wetenaoh, 
Amsterdam,  1909,  12,  154). 

The  salts  of  rubidium  are  iacnnorphous  with, 
and  vrry  similar  to,  the  corresponding  potas* 
sium.  ainniiinium.  and  caesium  salts. 

The  i/ri'lr   RbjO  (Rengade.  Compt.  rend. 

1906.  143,  1152),  also  the  oxides,  Kb,0„ 
RbjO,,  RbjO,  (Rengade,  ibid.  1906,  142.  1533 ; 

1907,  144,  92U).  and  the  hydroxide  Kb(OH),  a 
greyish-white  deliq^uescent  mass  (Forcrand, 
Oompt.  rend.  1006,  142,  1262)  have  been  pre- 
pared. 

JiiOjiditnn  'peroxide  hydrate  RbO-OH.HjO,, 
forms  snow  white  dUiqiiesoent  crystals,  stable- 
below  O'',  but  deeompont  violently  at  the 
ordinary  temperature  with  evolution  of  oxygen 
niid  1 1<  position  of  a  hvdratcd  f(jrin  of  the  OXide 
KbjU,  (Pcltner,  Ber.  1909,  42,  1777). 

Rtibtdium  hydride  RbH,  is  formed  when  the 
metal  in  heated  in  a  curn-nt  of  hydro),'en  at  3(X)*'. 
It  forms  colourless  prismatic  needles  and  is 


readily  attacked  by  the  halogens,  oxygen  and 
sidphur.  With  phosphorus  it  yields  phos- 
pliine  ;  with  nitrogen,  a  mixture  of  the 
nitride  and  amide  is  formed.  When  heated 
with  oarbon  dioxide  it  yields  the  formate,  utd 
with  .^iilphur  dioxide,  it  fMrnin  a  mixture  oi 
sulpliidu  and  sulphiite  at  oulmary  pressure,  and 
a  hyposulphite,  lib28204  at  diminished  preMUrfc 

I  With  ammonia,  the  hydride  reacts  thna 

EbH+NH,=KbNU,+H, 
(MoiBsao,  Compt.  rend.  1008,  136,  587). 

Rubidium  cldoride  RbCl,  forming  glittering 
ouiies  and  tiie  corresponding  bromuiea  and 
iodides  readily  unite  with  thehalides  of  a  large 
number  of  metals  forming  rrystalline  double 
salts  ;  similar  double  salts  are  al£o  formed  by 
many  other  rubidium  compounds  (Bilz  and 
Henns.  Ikr.  1W7.  40,  974  ;  Weinland  and 
Dinkclacker,  Zeitch,  anorg  Chem.  1908,60, 173; 
Gutbier  and  Riess,  Ber.  1909,  42,  3006.  Bubi. 

,  dium  also  forms  compounds  oontainii^p »  1*£Bbc 
number  of  halogen  atoms,  aneh  as  RbWa, 
RbClBr,,  RbC^l,  (Hcrty  and  Black.  Amcr. 
Chem.  J.  1896,  18,  847 ;  Zeitsch.  physUcaL 
Chem.  1899,  28,  523 ;  Abegg,  Zeitech.  anorg. 
ciiom.  1900. 50,  403 ;  Foote  and  GhaUmr,  Amer. 
Chem.  J.  1908,  39,  561). 

Ruhidivm  amiiMmtuiii6nMii£isRbBr+3NH4Br 

is  a  wliitc  or  yellowish  crystalline  powder  which 
is  rccummcnded  as  a  substitute  for  potassium 
bromide  as  an  anti-epileptic  and  as  a  hypnotic 
(Laufenauer.  J.  Soc.  Chem.  Ind.  1800,660,  888; 
Coblentz,  ibid,  1898,  736). 

I  Rubidium  hydrogen  fluoride  RbF.HF  is 
partially  converted  into  rubidium  fluoride. 
RbF,  when  heated  with  exccsij  of  ammonium 
hydrogen  fluoride  (Chabrie  and  Bouchonnet, 

t  Compt.  rend.  1905,  140,  90;   Eggcling  and 

I  Meyer,  Zeitsoh.  anoig.  Chem.  1905,  46,  174). 

Ritlndium  cJdorate  and  jirrchlomlc,  rubidium 
iodale  KblU,  (Wheeler,  Amcr.  J.  Sci.  1902, 
[uL]  44,  123  ;  Barker,  Chem.  Soc.  Trans.  1908, 
15),  and  the  ptricdate  Rbl04  (liarkcr.  I.e.) 
al&o  exist.  The  sulphate  (bUliman,  Amer.  J. 
8ci.  12.  .'^0).  niirale  (Jones.  Chem.  Sex;.  Trans. 

I  1908,  1742),  triihionaie  Rb,S,0«  (Mackenzie 

'  and  Marshall,  ihid.  1735  ;  Meyer  and  Eggcling, 
Ber.  1907,  40,  chromate  and  dichroinatea 

(Schrmnemakers  and  Filippo,  Chem.  Zentr. 
1906,  L  1^21;  WyronbofI,  BnlL  See.  ehhn. 
1908,  [iv.]  3.   7;    Stortenbekcr.    ibid.  481), 

I  carbonates    and    percarbovaltM    (Peltner,  Ix. ; 

,  FoKonnd,  Compt.  rend.  1909.  149,  97,  710), 

'  some  mdybdatcs  (Hcrschfinkel,  Zeitech.  anorg. 
Chem.  1909,  64,  263),  arsenates  (Bouchonnet, 
Compt.  rend.  1907,  144,  041),  tnihistatti 
(Schaefer,  Zeitsch.  anorg.  Chem.  1904,  38,  142), 
various  phosphates  (Berg.  Ber.  1001.  34,  4181), 
idlur<it€.'<  and  sdenatea  (Norris  and  Kingman, 

,  Amer.   Chem.  J.   1901,  26,  318)  have  been 

I  prepared. 

Hidii'Jium  pcnto-^ulfjiide  P>b^,S,,  is  formed  by 
wannuig  the  monosulphides  with  powdered  sxU- 
phur  and  aqueous  alhali  hydroxide  in  an  atmo- 
sphere of  hydrogen.  It  crystallisee  in  dark-red 
rhombic  prisms,  m.p.  223'-224'*  (Biltz  and  Wilke- 
Dbrfurt.  Ber.  1905,  38,  123).  Other  sidphides 
•  and  hydrosulphides  poasibly,  also  exist  (Zeitech. 
anorg.  Chem.  1906, 49,  207 ;  QM.  50,  67).  . 

Rubidium  nmmonin  Rb.NHj  ifl  prepared  by 
the  direct  action  uf  iicLuid  ammonia  on  the  metal 
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at  about  —70**  or  of  the  gas  at  —3°  ;  ita  solution 
in  liquid  ammoniA  is  used  for  the  preparation 
«i  tile  oarbide  (UdaHm,  Gompt.  rend.  1903, 136, 
1177). 

Rubidium  aeetylide  acetylene  C,HbtC,H, 
forms  transpamit  hygroscopic  crvstids,  m.p. 
SOO'.  which  (If'cnmpixso  with  the  formation  of 
rubidium  carbide  Cglibj  and  acetylene  (Muissan, 
Oompt.  rond.  190S»  136,  1217,  1522). 

Rubidium  stpigenite  CaRbjfSOjjHjO,  is  ob- 
tained when  finely  divided,  gypsum  is  loft  in 
contftct  with  a  30  p.o.  sohition  of  rubidium  milo 
phate  (D'Ana  and  Zeh,  Bor.  1907.  40,  4912). 

Rubidimn  forms  ahtnw  wfth  indhm*  vsiia* 
(Bnm,  titanium  and  iridium. 

iron  rubidiian  sdemum  alum 
RbtFej(Sc04)4,24H,0 
sep;iratti'<  a.H  pal«  violet  crystals  when  rubidium 
carbonate  is  added  to  a  solution  of  feirio  li^- 
drozide  in  ezoem  of  selenio  afldd.  It  has  a 
8p.gr.  2-130S  nt  15"  and  molts  in  its  water  of 
crystallisation  at  40''-60^,  forming  a  red  liquid 
(Roncagliolo,  Oasx.  ohim.  itsL  1905,  [iL]  35, 
653V  t  K. 

RUBIHYDRAN  v.  Madoer. 

RUBIRETIN  V.  Mapdkr. 

RUBRESCIN.  A  sabstance  prepared  by 
meltin;^  resoroinol  with  chloral  hydrate.  Dis- 
solves in  water  civinir  a  red  solution,  which  i.s 
exceedingly  sensitive  to  alkalis.  Used  as  an 
indioator. 

RUBRESSERINE  v.  Ordeal  teak. 

RUBRIC  LAKE.   Madder  lake  v.  Pioxknts. 

SUBT  1^.  CoKumvH ;  also  ALmmmni. 

RUBY  COPPER  ORE  v.  Cupriti!. 

RUBY  SILVER-ORB  v.  Vxomam  and 
Pykaroyrite. 

RUBY  SULPHUR.  Sedgar,  AruHio  md- 
phide,  V.  Abskhic. 

HDDDIA  «.  RxDDia. 

HUE.  OIL  OF,  V.  Oils,  essential. 

RUFIGALLIC  ACID  or  RUnCALLOL  v. 
Al.i/H  [N  A\D  Allied  cOLOVBnrO  MATXXltt. 

RUFIOPIN  f .  ALJZABIir  AMD  AXUBD 
COLOimiXO  MATTERS. 

RUM  is  an  ardent  spirit,  the  product  of 
distillatioii  of  saoohaxine  matter  derived  from 
tiio  stti^r  eane.   It  is  usnally  inade  from 

molasFcs,  or  from  the  skiraniings  of  the  suptr 
boilers  and  the  waste  of  the  orus))ing-hou.se,  or 
(VFhcn  the  cost  of  prodvetioo  of  sud&r  makes  it 
profitabliO  from  the  piirrnr  cnnr.  Tlie  priiuijml 
souroe  of  supply  i»  tho  West  Iiulia  J^kiKls  and 
Ritish  Guiana,  and  the  quality  most  esteemed 
is  asBOoiated  with  the  name  of  Jamaica.  It  is 
also  distilled  hi  IVanoe  firom  beetroot. 

The  term  '  rum  '  is  by  some  tliought  to  be 
derived  from  the  final  syllable  of  '  saccharum.* 
It  is  oertain,  however,  that  so  long  ago  as  1680 
this  spirit  waf^  known  in  the  West  Intlies  as 
'  rumbullion,'  an  old  Devonshire  term  lor  an 
uproar,  disturbance,  or  tumult,  the  word  bein;; 
snbseqaently  contracted  into  'rum.'  An  old 
writer  of  that  period,  speakins  of  Jamaica,  states, 
'The  cliii  f  fiidliii;:  (liev  make  in  this  i'-laml  is 
"  rumbullion,"  alias  "  kill-devil,"  and  this  in 
made  of  si^tK'^  Mnes  di^tillefl.  n  hott.  helltsh. 
.Hid  terrihip  liquor.'  It  is  w.  IMcrnA'.-n  that 
many  Dfvon.Hhire  Colonists  scttle<i  lu  ihu  \Vt»l 
Indies,  and  the  term  'rumbowline'  is  said 
still  to  linger  amoi^  eertaht  seafaring  men 


in  referring  to  ^g.  The 
mention  of  this  spirit  under  the  name  of  *  rum  * 
appears  to  be  in  an  order  of  the  Governor  and 
Council  of  Jamaica  <!:i1rii  July  3, 

The  rums  of  Jamaica  and  Demcrnra  (British 
Otdana)  repiesent  the  two  principal  types  of 
rum  in  commerce,  the  different  characters  of 
these  beiug  duo  nut  only  to  the  nature  of  the 
soil  and  therefore  of  the  products  from  the  sugar« 
cane,  bu^  also  to  differences  in  tho  methods  of 
fermentation,  distillation,  and  mode  of  mani]> 
faoture  generally. 

In  the  first  type  the  wash  is  set  at  a  re* 
Istivcly  high  denstty  (from  1072  to  1006),  and 
the  fermentation  is  slow,  lasting  from  a  vcek 
to  a  fortnight,  or  even  longer,  \vhil&t  in  the 
second  the  wash  is  set  at  a  low  density  (about 
lOCO),  and  the  fermeiitfition  lasts  only  from 
30  to  4H  houiij.  In  Jamaica,  moreover,  Jiot- 
stills  only  are  i^aed,  whilst  in  other  West  India 
Islands,  in  Trinidad,  and  British  Qniaoa  patent 
stills  are  oommonly  employed,  the  former  re- 
sulting in  a  comparatively  low,  and  the  lattcf 
a  relatively  liigh,  i^oduction  of  alcohol. 

Tho  followmg  aooount  of  tho  manufacture 
of  Jamaica  rum  was  given  before  tho  Royal 
Commi^ioa  on  wlusky  and  other  potable  spirits 
by  Mr.  Nolsn,  Special  Commissioner  of  the 
Jamaica  Government  to  the  United  Kingdom : 
'  Jamaica  rum  is  made  from  sugar-cane  in  the 
old  jiof  -sfill.    The  sugar-canes,  when  ri|K\  are 
out  and  carted  into  the  works  (tho  canes  ripcm 
in  from  12  to  16  months).  They  are  passed 
throuph  a  strong  steel  or  iron  three  or  five  roll 
j  mill  wurkeil  by  steam,    Tho  juice  of  cane  liquor 
j  falls  through  the  rolls  on  to  a  receptacle  dircctlv 
I  under  the  mill,  which  is  called  the  mill-becl. 
I  The  liquor  is  carried  from  the  mill-bed  by 
!  gravitation   to   anolher   receptacle,   which  is 
called  the  well.   From  this  wellit is  pumped  to 
I  large  iron  vessels  ealled  siphoDS  or  eluifiers 
,  which  contain  from  .six  to  seven  hundred  gallons. 
In  tho  bottom  of  tho  siphons  there  are  copper 
steam  coils  or  tulxs,  which  are  filled  with  steam 
when  the  siphon  is;  full.    The  liquor  h  thus 
,  hcato<l  to  a  ivw  degrees  below  LoiUni^-point. 

By  this  means  all  the  scum  comes  to  the  top, 
I  and  the  rest  of  the  liquor  in  the  siphon  is  part  ially 
I  clarified.   The  daritled  liouor  is  then  gradually 
dra\vn  off  by  a  cock  at  the  .'iide  of  the  .siphon 
low  down,  until  the  scum  alone  is  left.  The 
clarified  liqoor  is  either  sent  to  the  1  oiling- 
house  to  make  sugar  or  pnp<:ed  through  other 
vessels  to  clariiy  to  a  higher  degree,  as  really  tho 
whole  process  of  sugar-boiling  is  to  eliminate 
I  foreign  matten;  f  which  take  the  form  of  scum) 
I  from  the  liquor,  and  then  nmove  the  water 
by   evaporation.    The   scum   or   dirty  liquor 
.  which  remains  in  the  siphon  is  then  drawn  off 
I  and  cent  to  the  stUl-houso.  where  it  is  allowed 
to  remain  for  a  few  days  till  it  Fnuns.  Tho 
siphons  are  also  \«'ashed  out  with  water,  and 
such  water  is  sent  to  the  same  receptacle  in 
the  Htill-houKc.    In  fact,  all  the  washings  and 
scums  from  vessels  in  the  hoiling-honse  are  Bent 
to  tin's  re,  r  ptac'o.    There  is  al-n  put  into  this 
receptacle  at  the  beginning  oi  crop  a  certain 
amount  of  megass  (the  fibrous  part  of  the  cane 
which  rf  muin-  after  crusliinp  the  juice  from  the 
€anc  lit  xlw  utili),  which  assii<tH  tu  tiour  tho 
liquor.    In  tho  meantime  the  clarified  liquOT 
I  in  tho  boiling-honse  is  made  into  si^sr  and 
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allowed  to  cool.  Tt  is  then  passed  througli  |  The  best  1y]  e8  of  these  '  homc-lradr  '  rums 
oeatrifugals,  or  purger»,  which  separate  the  contain  from  3(X>  to  500  parts  of  e£t4^ni,  and  tlm 
molasses  from  the  dry  8ugar  on  somewhat  the  balk  of  the  rums  of  this  elias  about  20C)  parts 
same  principle  as  a  milk  separator.  The  molaases  '  per  100,000,  but  in  some  cases  the  ether  content 
are  then  rich,  and  at  this  point  are  sent  to  the  even  of  genuine  home-trade  rums  of  good  quality 
fttill-htnisc.    The  only  other  ingre<lient  mud  in   falln  as  low  ns  i(Ki. 

the  manufactvire  of  Jamaica  ram  i»  dunder.  These  rums  are  generally  produced  by  »' 
UbSb  is  a  avbcitaiioe  whioh  vemains  at  the  hottom  <  dower  type  of  fermentatkm  than  the  *  local 

of  the  jxit-still  after  all  the  spirits  and  a  great  trade*  rums,  the  fermentation  ivriod  .'•omrfinies 
quantity  of  the  wattr  have  been  eva|X)rated  by  extending  over  a  fortnight,  although  even  this 
distillation  from  the  wash.  It  is  removed  from  is  not  so  prolonged  as  the  fcrmentatiofi  period 
the  still  and  allowed  to  cool  for  a  few  days.  It  of  the  export  rums  described  below, 
comes  frum  the  stiU  with  something  like  the  As  compared  \iith  the  *  local  trade'  rum£, 
consistency  and  colour  of  pea-soup.  There  are  they  have  a  fuller  and  more  fruity  aroma,  and 
tiuee  iogredients.  with  water  used  in  the  setting  i  on  dilution  the  spicy  residual  flavour  is  more 
up  of  the  waah  for  fermentation,  all  of  whien  1  strongly  marked.  The  latter  is  dne  to  the 
are  the  products  of  sii:::u  rmn  ,  \ !/.  scum  or  larner  proportion  of  lii^dier  alcohols  present, 
skimmings,  molasses  and  (iuiuier,  Tht-y  are  and  these,  in  excess,  are  apt  tu  cause  an  objec- 
uaed  in  proportions  according;  to  the  judgment  tionable  cloudiness  on  dilution.  The  remedy 
and  jiracfical  expe  rience  of  the  distiller,  who  is  for  this  is  to  t<*5!t  the  njiirit  with  water  before 
puitled  by  all  circuiiiatauccs  cuanectetl  Nvith  the  accepting  it  as  rum.  retaining  a  cloudy  distillate 
estate  and  distillery.  The  fermentation  is  for  further  distillation,  and  the  fermenting  vats 
from  six  to  twelve  days,  in  some  cases  longer.  •  should  be  limed  to  secure  a  clearer  fermentation. 
After  the  fermentation  subsides,  the  wash  is  I  Another  defect  sometimes  observed  in  those 
pump*  d  into  a  pot-still.  Jamaica  lia?  at  all  rum- is  a  burnt  flavour  (l^-.^t  defeeted  on  dilution 
times  used  the  jiot -still,  and  there  in  no  other  with  water)  due  to  the  u^u  of  a  *  direct  tire  ' 
used  in  the  island.'  I  still,  and  the  remedy  in  this  case  is  to  heat  the 

Until  comparatively  recently  tho  fermenta-  stills  with  a  copper  coil.  A  '  fruity  '  aroma  is 
tion  proceiw  wan  left  very  much  to  chance,  but,  sometimes  obtained  by  the  addition  uf  piiiu- 
commencing  in  lOO:^  s]K;cial  investigations  have  apples  or  guavas  to  the  wa.sh  in  the  still, 
been,  and  are  still  l^ing,  made  in  Jamaica  into  The  rums  of  the  third  olaas,  or  '  export 
the  chemistry  and  baoteriology  of  the  manii«  ,  trade.'  quality  diff^  much  more  widely  from 
facture  of  rum,  with  sivcial  reference  to  the  the  *  local  '  and  *  home  trade  '  ruma  than  these  do 
micro- organisms  oouoerocd  in  the  fermentation  i  from  each  other.  Hums  of  this  type  are  cha- 
processes,  and  their  influence  on  the  ehaxacter,  I  raeterised  by  an  abnormally  high  proportion  of 
quality,  and  flavour  of  the  mm.  Tt  was  found  esters,  and  are  exported  mainly  to  the  Continent 
that  the  peculiar  and  charuelerj.stic  llavour  of  ,  of  Europe,  principally  to  Germany.  They  are 
Jamaica  rum  was  largely  due  to  aoidio  and  not  suitable  fur  direct  use  as  a  beverage,  but 
putrefactive  fermentation  by  bacteria.  I  are  blended  together  and  vatted  off  with  lighter 

According  to  Cousins  (West  India  Bulletin,  rums  or  even  with  neutral  spirit  to  impart  to 
vol.  8,  No.  I,  ]W7),  there  are  three  classes  ot  ilie  latter  a  rum  character.  They  are  al>o  used 
Jamaica  rum,  viz.  (1) '  local  trade  quality,'  for  ;  to  fortify  and  give  body  to  hock  and  similar 
home  consumption ;  (2)  *  home-trade  quality,'  I  wines. 

for  consumption  in  the  United  Kingdom:  and        These  ' export '  rums,  or  ' German  flavomed,' 

*  export  trade  quaUty,'  for  exportation  to  as  they  are  commonly  called  in  Jamaica, 
t)  I  I  .  Iitinent  of  Europe.  I  are  produced  on  the  north  side  of  the  iidand  on 

The  rums  of  the  first  class  have  usnally  a  *  comparatively  small  e.'^tates  where,  o-winp  to 
lower  ether  content  (sometimes  aw  low  M  90  certain  disadvantaue.'ft  under  which  they  labour 
parts  per  l(X>,(i(Ki)  than  the  second,  and  an  in-  as  sugar-producing  estates,  it  is  mcm  pn^tafala 
forior  flavour.  They  are  the  result  of  light  set- 1  to  manufacture  rum  than  sugar, 
tings  and  quiek  fermentation.  Tho  stills  aief  Instead  ot  30  hours*  fermentation,  which 
heated  l>y  st<'ani  ooil.^  and  double  retorts  are  suffices  for  certain  runiH  of  the  Demerara  or 
used.  TiietM)  rum.s  constitute  the  '  wine  of  the  Trinidad  type  (v.  infra),  these  '  German- 
country,*  and  are  consumed  almoet  exolusively  flavoured'  rums  reqtiiro  a  fermentation  period 
by  the  lower  onlers  in  the  island.  la^^ting  from  a  forfni<:lit  to  three  weeks,  and  the 

The  second  clasj^,  sometimes  described  as  prnceKS  is  ctmdueted  in  a  strongly  acid  wash. 
'  pul)lic-liouse  rums,'  are  those  exported  to  and  The  organisms  are  of  the  fission  type,  and  arc 
usually  known  in  the  United  Kingdom  as  i  able  to  attenuate  a  liquor  with  an  acidity  of 
*  Jamaica  rum.*  This  oonstitutes  the  bulk  of  3  p.c,  whflst  the  mdinary  oval  budding  yeast  is 
the  rum  exported  from  Jamaica.  p  indysed  by  an  acidity  of  less  ono-fliyi 

The  flavour  of  tlieae  is  chHiacterised  by  a  of  this  amount, 
heavy  residual  '  bwly,'  due  mainly  to  esters  of  The  proportion  of  esters  in  these  rums  is 
acids  of  hip:h  molecuUr  weight.  These  acids  relatively  vt  ly  high,  varying  from  TiOO  to  12fKK 
are  not  producible  from  sugars,  and  are  almo.st  and  in  Mime  instances  reaehinp  ir)UO  or  more 
ahsent  in  rums  other  than  Jamaican,  produced  parts  per  100,000.  According  to  (  uuains,  about 
from  ddutcd  molasses  without  dundes  or  acid  »7  p.c.  of  these  esters  consi.st  of  acetic  ester  and 
skimmini;  and  distilled  m  patent  stills.  In-  2  p.c.  of  butvric  ester;  traces  of  formic  ester 
vejitigations  made  in  Iho  CovcrnDM  r.t  A^ri-  may  Ik?  present,  and  from  to  J  p.c.  of  the  total 
cultural  Department  iu  Jamaua  intiioated  that  consists  of  heavy  esters  derived  from  acids  of 
the  higher  acids  result  from  the  Iwictcrialdccom-  high  molecular  weight.  It  is  upon  the  latter 
position  of  the  dead  yeasts  found  in  the  distillinL'  that  the  character  and  to  a  Inrce  ext.nt  the 
materials.  i  commercial  value  of  the  rum  is  said  to  depend. 
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The  acetic  and  butyric  esters  may  be  con- 
sidered merely  as  iuodia.  fur  the  conveyance  of 
the  aroma  of  the  heavier  esters,  which  are  beat 
recognised  by  smell  aft  r  liluting  with  water, 
thereby  reduoiug  the  vapour  tension  and  pun- 
gency of  tb»  more  volatile  est •  i  s.  The  latter 
are  best  appreciated  before  diluting  the  spirit. 

A  process  for  rdnforcing  the  content  of  the 
natunil  esters  of  rum  by  recovering  the  volatile 
acids  left  in  the  spent  liquor  from  the  retorts 
and  vang  them  in  a  sabaequent  operation  han 
VieeJi  carrietl  out  nn  a  rnmniereial  scale  by 
G.>us>iii^  The  acids  in  the  lees  are  fixed  with 
lime,  the  residue  evaporated  to  dryneiB,  and  the 
a(  ills  liU'rated  by  the  requisite  amount  of 
sulpiiuri>.-  acid,  recovered  by  distiUatiou,  and 
returned  into  the  proee^^s.  By  tliirt  means 
rams  oontaining  as  much  as  3500  parts  of  esters 
per  100,000  have  been  obtained.  The  process 
appears  to  be  equally  applieable  to  br«ndy  and 
wiuskey. 

Pot-still  rum  when  new  has  a  rather  dis- 
agreeable odour,  but  the  tnie  characteristic 
flavour  develops  by  Hturiug  in  wooden  casks, 
and  continu(»  to  improve  for  eight  or  ten  years. 
Rum  matures  more  rapidly*  however/ than 
either  brandy  or  whiskey. 

Th.^  rum  of  Britii^h  Ouiaiia,  usually  known  as 
*  Demerara  '  rum,  is  made  almost  exclusively 
▼acunm  pan  molasses  with  the  oooasional 
addition  of  other  sugar-containing  waste  pro- 
ducts of  the  sugar  factories. 

The  following  account  of  Domerara  rum,  as 
made  in  British  Guiana,  is  taken  from  a  state- 
ment drawn  up  by  tho  British  Ouiana  Planters' 
A-ssociation  and  transmitted  to  the  Royal  Com- 
miftdon  on  Whiskey  and  other  Potable  Spirits, 
1000:~ 

'  In  British  Guiana  the  wash  (wort)  is  pre- 
jmrod  by  diluting  muhuisos  with  water  to  a 
density  of  1060,  and  rendered  slightly  acid  by 
the  addition  of  sulphuric  aeid  in  quantity 
sufficient  to  set  free  more  or  less  of  the  cumbined 
organic  acids,  but  so  as  not  to  have  unoom- 
bined  sulphuric  aeid  present  in  the  wash ;  whi1f«t 
in  some  of  the  ^stilleries  additions  of  sulphate 
I A  ammonia  in  small  {iropurtion.s  are  made  to 
the  wash,  in  order  to  supply  readily  available 
nitrogenous  food  for  the  yeasts  and  thus  to 
enable  them  to  multiply  with  rapidity  and  to 
rctaiu  a  healthy  active  condition.  The  rea8»>n 
for  rendering  the  wash  slightly  acid  is  to  guard 
against  the  excessive  propagation  of  the  butyric 
and  lactic  organisms  and  to  render  it  more 
suitable  for  aetive  almlKilic  fermentation. 
Within  a  very  short  time  from  the  molasses 
being  dilvted  it  enters  into  vii^orons  Innnenta- 
tion.  and  the  fermentation  lapidly  proceeds  to 
uouiplcte  attenuation. 

'  In  British  Guiana  the  distilleries  are  of 
three  kinds  :  (1)  tho'»o  using  pot-'^tillN  or  vat- 
stilLj,  wluuh  arc  practically  only  nicKlitied  pot- 
stills  :  (2)  those  using  both  pot-stills  or  vat-stills 
and  CoSey  or  other  continuous  rootifying  stills ; 
and  (8)  those  nsing  only  Coffey  or  other  con- 
tinti'iu.H  reetifyitej;  still-,.  Out  of  forty-t\\i' 
distilleries  in  operation,  thirty-two  use  pot-  or 
Tat'fltills  only;  three  have  both  pot-  or  vat-stills 
and  continuoii';  ntills,  whilst  seven  possess 
ooutinuouii  Ktiliij  only. 

*  Vat-stills  consist  of    ej'lindrical  wooden 
built  of  staves  strongly  hooped  with 


wrought-iron.  They  have  high  copper  domes 
covering  openings  in  the  heads  of  the  vessels 
which  oonunnnfeate  with  *  retort  or  retorts  of 
the  Jamaican  pattern,  but  a^  a  rule  the  retort 
acts  as  the  lowest  vessel  of  a  rectifying  column. 
As  in  WlnlerV  still,  a  spiral  pipe  m  a  series  of 
small  perpendicular  pipes  deeoend  down  the 
interior  of  a  column  tnrough  which  cold  water 
is  run  whenever  distillation  is  in  jiro^n  ss,  and 
by  which  the  spirit  vapour  undergoes  a  process 
01  reetifioation  as  it  asoends  tile  adnmn  before 

Kassing  into  the  condenser.  The  vnt -still-?  are 
eated  by  inje<;tion  of  steam.  The  Golfey  or 
continuous  rectifying  stills  are  of  the  vaaal 
well-known  types.' 

By  moans  of  the  patent  stills  some  of  the 
estate  distilleries  in  British  Guiana  are  able  to 
produce  approsmately  one  proof  gallon  of 
spirit  for  each  five  de^cetm  of  attemiaaon  from 
every  hundred  gallons  of  wash,  or  about  00  p.c. 
of  tke  theoretical  yield.  The  greater  part  of 
the  patent  stiU  spirit  is  oonHumed  looauy,  and 
this  local  preference  for  the  lighter  types  of  mm 
obtains  in  other  West  Indian  colonies,  and  ha.n 
already  heim  noticed  in  oooneotion  with  the 
*  local  trade '  mm  of  Jamaica. 

Compared  with  Jamaioa  rums,  the  propor- 
tion of  esters  in  rums  of  the  Demerora  type  is 
very  low,  but  varies  considerably.  The  results 
of  determinatiomi,  made  in  the  Government 
Laboratory  of  British  Guiana,  of  the  esters 
(calculated  uij  ethyl  aoetate\  in  over  4(j<J  8amjd|ra 
of  rum  examined  during  the  years  1001-1908, 
showed  a  minimum  of  r)3  ancl  a  maximnm  of 
101  with  an  average  of  81  part3  per  100,000  of 
absolute  alcohol  by  volume. 

According  to  Gicard  and  Cuniasse  (Analyse 
d«B  Aloools  et  des  ajriritneux),  the  average 
pro]K>rtion  of  estere  and  other  secondary  pro- 
ducts comprised  in  the  '  co-efficient  non- 
ftloohol'  (v.  Brandy)  found  in  ordinary  mme 
of  cf>mmRrce  known  to  be  genuine,  are  shown 
in  the  following  table  expressed  in  relation  to 
100.000  parts  per  volume  of  abadnte  alooliol  :— 

Acidity  (m  acetic  acid) 
Aldehyde!  (as  acette  alto* 

hyde)  .... 

Furfural  .... 

E-«ter^  (a<  aretin  ester) 

Hltrher  alcohol*  (»«f>butyl 
standard) 

Coefflcient  of  »econdar>'  pro- 
ducts .... 

Details  of  methods  for  determintng  the 

secondary  prwlucts  may  be  found  in  the  Minutes 
of  Evidence  taken  by  tho  Royal  Commi^on 
on  Whiskey  and  other  Potable  Spirits,  1000 
(vo).  2.  Appendix  Q,  xii.). 

The  colouring  matter  usually  employed 
otmsists  of  caramd  made  from  burnt  molasses 
or  sugar,  but  care  should  be  exorcised  in  its 
use  Ko  as  to  avoid  excessive  '  ob.'icuration  '  or 
apparent  diminution  of  strength  as  shown  by 
the  hydrometer  or  alcoholometer.  The  '  obf^cura* 
'  tlon*  should  not  exceed  l|p.e.-of  proof  spirit, 
anil  thr  fiiif  "f  ,i  fully  etdoured  mm  shf  uld 
correspond  witli  about  No.  10  on  l/ovjbond"rj 
tintometer. 

The  streuLftli  nf  mm  ri»;  Tinporfed  into  the 
United  Kiug<U>m  varie.i  fi  rii  about  20  uiuler- 
proof  to  50  or  more  ovcrpri  m  .f .  i  he  average  being 
35  ovorproof,  equivalent  to  77  p.c.  of  absolute 
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alcohol  by  volume.  The  lowcnt  limit  of  strength 
for  the  Bale  of  rum  under  the  Food  and  Drugs 
Acts  is  25  underproof  unless  tl^  faot  of  its 
dilution  to  a  lower  strength  is  declared. 

The  British  Chistoms  distinguish  between 
nuns  from  Junaica,  rums  from  other  sugar- 
osne  producing  countries,  and  '  imitutioii  * 
ntms.  a  term  applied  to  spirits  of  mm  cliaractcr, 
iniportod  from  countriM  ill  whioll  tl|i»  «ngW 
caao  is  uot  cultiTated. 

The  quantity  of  the  latter  imported  is 
insicniflc  cUit  compared  with  genuine  rum,  a  ml 
during  tho  last  decade  it  has  declined  from 
about  44,000  proof  gallons  in  1900  to  not  more 
than  vmo  proof  gallons  in  1910,  whilst  the 
quautjtit}.H  of  genuine  nun  imported  during  the 
same  periods  were  over  4.<JlJ(>,0(K)  proof  gallons 
in  1900  and  nearly  3.00O.00O  proof  gaUont  in 
1910.  Of  this,  about  twothifds  eane  from 
British  Guiana  ('  Domerara  *  rum)  wd  about 
one -quarter  from  Jamaica. 

The  proportion  of  ram  ooomimed  per  liead 
in  the  T  nited  Kin2<lom  has  pradually  declined 
(in  conunun  with  othtr  spirituous  liquors, 
inelnding  beer  and  wine)  during  the  last  decade, 
being  in  the  case  of  rum  equivalent  to  0*11 
gallon  per  heu<l  of  the  population  in  1900  as 
(  ompartMl  ynih.  0-05  gallon,  or  lett  than  h«lf  the 
(quantity,  jwr  head  in  1910. 

*  ImHatitm  fvm '  Is  made  either  by  the 
addition  of  heavily  flavoured  rums  rich  in  esters 
or  artificial  '  essence  of  mm  '  {v,  infra)  to  plain 
i^pirit  from  potatoes  or  beet  mtdaanB,  ^th 
addition  of  colouring  matter. 

As  an  example  of  an  artificial  rum  '  essence,' 
the  following  is  given  by  Fleischman  (The  Art 
of  Blending  and  Compounding  Liquors  and 
Wines).  A  mixture  consisting  of  32  ozs.  of 
alcohol.  4  ozM.  (if  sulphuric  acid,  2  o/s.  of  man- 
p;aneBe  dioxide,  and  4  oza.  of  pvrolianeous  acid 
IS  distilled,  and  to  82  ozs.  of  tiie  ^stniate  me 
added  32  ozs.  of  acetic  ester,  S  ozg.  of  butyric 
ester,  16  ozs.  of  saffron  extrjict,  and  ^  oz.  of 
oil  of  birch.  For  a  low  grade  artificial  mm 
Fleischman  gives  the  following  recipe :  plain 
spirits,  40  gallons ;  rum,  5  gallons ;  prune 
juice,  \  crallon  ;  caramel,  12  ozs.;  and  *nini 
ossonoe '  (prepared  as  above),  8  ozs. 

rum*  flavoured  with  orange 
and  lemon  and  sweetened  with  su^'ar.  Tt  may 
be  made  on  a  small  Hcale  from  the  foliuwing 
recipe :  To  1  gallon  of  mm  tuld  1  pint  each  of 
orange  and  lemon  juice  and  tlu!  peels  of  two 
oranges  and  1  lemon.  Dige^it  far  24  huur^  in  the 
cold,  strain,  and  sweeten  with  a  symp  made  by 
dissolving  41be.  of  white  sugar  in  5  pints  of  water. 

West  India  aknA  is  very  stmUat  to  the  above, 
the  orange  and  lemon  juii  c  being  replaced  by  an 
equal  quantity  of  lime  juice.  J.  C. 

RD98ET    RVBIATB.     Subetu  madder  v. 

RUST.  Tho  red  or  i*oddi»h-ljrown  incrusta- 
tion formed  on  iron  and  steel  when  exposed  to 
ordinaty  atmospheric  influences.  Iron  is  singular 
in  that  the  film  first  formed,  instead  of  pro- 
tecting the  metal  homufh  from  further  action, 
as  in  the  case  of  other  oxidisablo  metals  such  as 
zinc  and  aluminium,  continues  to  inerease  in 
thiekrip^".'  until  a  rough  (>artViy  cru-(  i-  fi.riiird, 
which  is  easily  detached  in  Hakes,    i  he  process 

may  continue  until  the  iron  is  wlioUy  converted 
into  rust. 


The  chanrTG  is  finally  one  of  oxidation,  as 
mst  consists  mainly  of  partially-hydrated  ferric 
oxide,  its  composition  lying  between  FetOg  and 
Fe2{0ir)g.  But  rust  may  contain  notable 
quantttieH  of  ferrou^i  oxido  in  the  layers  next 
the  metal,  and  Tilden  (Chem.  Soc.  Trans.  1908, 
1362)  quotes  the  analysis  of  a  specimen  of  rust 
about  250  years  old,  with  about  one-seventh  of 
the  iron  still  in  the  ferrous  state.  tJraphitic  and 
other  impurities  insusceptible  to  oxidation  will 
also  aoonmnlate  in  the  mst  of  inm. 

The  cXiKt  conditions  which  induce  and  main- 
tain the  prmesi*  of  rusting  have  been  the  subject 
of  much  elaborate  investigation.  The  pm>lilem 
presents  itself  in  two  distinct  aspects.  Th^rc  is 
the  question,  primarily  of  scientific  interest,  as 
to  the  chemical  mechanism  of  tiie  process;  on 
the  other  hand,  there  is  the  studv  of  rusting  as 
it  occurs  under  industrial  conditions. 

Experiments  with  iron  prejiarcd  hy  tlie 
electrolysis  of  its  highly  purified  compounds ; 
with  water  freed  as  far  as  possible  from  cDssolred 
mntorial  ;  with  an  atmopphcro  under  strict 
control  ;  obviously  do  not  represent  ordinary 
working  conditions*  where  iron  is  both  physieallv 
and  cljemieally  a  romposite  material  and  botn 
water  and  air  arc  contaminated  with  accessory 
constituents.  Whilst  there  is  great  difficully  in 
solving  tlie  more  theoretical  question,  it  m  a 
muoh  simmer  matter  to  investigate  die  con- 
ditions under  which  the  msting  of  iron  in 
ordinary  circumstances  is  stimulated  or  re< 
tarded,  although  the  number  of  variables  in  tliA 
problem  limits  the  possibility  of  drawing  general 
conclusions. 

Thtorks  of  rusting.  All  observers  sgree  that 
liquid  water  and  a  supply  of  oxygen  are  essential 
to  the  msting  process.  The  difierenoe  of 
opinion  i.N  eliiefiy  as  to  whether  these  alone  are 
sufficient  to  induce  and  maintain  the  process. 
It  is  impoBsiUe  here  to  review  or  disouss  the 
voluminous  literature  which  has  appeared  on 
the  subject  during  recent  vears.  and  for  particu- 
lars, including  bibliography,  tlie  reader  is  re- 
ferred to  Friend's  Corrosion  of  Iron  and  Steel 
(Longmans  and  Co.,  1911).  and  to  The  Corrosion 
:ind  J'reservrili<in  of  Iron  anti  Steel,  by  Cushman 
and  Gardner  (McGraw-Hill  BooIk  Co.,  Kew 
York,  1910).  It  will  suffice  here  to  ^ve  a  short 
account  of  the  questions  at  ipsuo. 

The  assumption  that  iron  will  rust  in  presence 
of  air  and  water  alone,  appears  to  have  been 
genenil  u  tii  1871,  when  Cr.icv  Calvert  (Chem. 
News,  2A,  !>8),  from  difTerential  experiment.s 
with  air,  wat^r,  and  carbon  dioxide,  concluded 
that  their  conjoint  action  was  neccosary. 
Crum  Brown  (JT.  Iron  and  Steel  Inst.  18S8,  II. 
129)  supported  this  the..ry  and  gave  precision 
to  it.  The  iron,  it  is  supposed,  is  first  attacked 
by  dissolved  carbon  duozide  (carbonio  add) 
giving  feiTous  cnrhnnato.  or  bioarbonnte,  and 
hydrogen,  'riie  ferroua  mh  is  then  oxidised  by 
atmospheric  oxyi.'nn,  and  the  basic  ferric  car* 
bonato  potentially  formed  is,  in  presence  of 
water,  converted  into  hydrated  ferric  oxido 
(ru-*  I.  As  the  carbon  dioxide  is  thus  wholly 
eliminated  at  the  end  of  the  cycle,  it  may  be 
supposed  to  renew  its  attsck  on  the  iron. 

This  til* '  ry  i  f  nistins;  was  generally  necei)ted 
until  1903,  wlien  Whitney  (J.  Am^r.  < 'hem.  Soc, 
20,  394)  applying  modem  electroclien  iral  theory 
to  the  iHToeea,  expounded  the  view  that  water 
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and  nir  (ilone  suffice  to  establish  rusting.  Ac- 
cording to  modern  views,  the  action  of  on  acid 
<m  »  metal  it  aaoribed  to  an  exchange  of  electric 
charges  between  the  hydrogen  ions  of  the  acid 
and  the  electrically  neutral  atoms  of  the  metal, 
tlM  hydrogen  being  depomted  on  the  metal  in  j 
the  molecular  state,  and  the  metal  atoms  | 
passing  into  the  solution  as  metal  ions.  The  { 
pruce^^  i.s  anulogoiis  to  tlu'  depu.sition  of  metallif; 
copper  on  iron  from  a  solution  of  copper  sul- 
pbkte.  The  disohftrge  of  eaeh  copper  Ion  and 
Its  deposition  as  copp<T  brings  a  ferrous  ion 
into  the  m>lutioa.  Inuismuch  pure  water  is 
regarded  as  being  to  some  small  extent  ionised 
into  hydrugcn  ions  and  Iiydroxyl  ions,  it  is  to 
that  extent,  clectrockcniicuily  speaking,  an  acid, 
and  when  iron  is  immersed  in  it,  there  should 
be  a  depontioo  of  hydrogen  on  the  iron  and  an 
equiTaleDt  fonnation  of  iron  ions.  The  water 
round  the  iron  now  contnin.s  ferrous  ions  and 
hydroxyl  ions,  or  in  common  language,  is  a 
dilute  flolttti<m  of  ferrous  hydroxide.  If  oxygen 
has  access  to  the  fcrmiiw  fivfiroxide  solution, 
hydratod  ferric  oxido  bo  formed  and 

deposited  as  rust. 

Such  in  outline  is  Whitney's  theory,  apart 
from  the  detailed  application  of  Nemst's  theory 
of  elect rolyti''  .silutmn  pre.ssure,  vhieh  lu>  al.so 
introduces.  The  explanation  just  given  for  the 
aolaon  of  pure  water  on  pure  and  physically  homo- 
geneous iron,  involve?  the  deposition  of  hydrogen 
as  a  lilni  tif  gan  on  tbo  immersed  portion  of  the 
metaL  As  this  film  would  prevent  further 
contact  hetween  tlie  metal  and  tin;  Wiiter,  it  is 
bujjposed  that  it  slowly  ilibsolvesin  the  water  and 
escapes  by  diffusion,  or  is  oxidised  by  the  dis- 
solved o^gen,  so  enabling  t  ho  action  tooontinue. 

Anomee  theory  of  rusting  was  adTanoed  by 
W.  R.  Dnn«tiin,  according  to  which  air  and 
water  alone  were  sufficient  to  cause  rusting 
with  the  transitory  protluction  of  hydrogen 

Sroxide  {cf.  Punstan.  Jowett,  and  Houlding, 
lem.  Soc.  Trans.  i>7,  IWH).  AItlu>iigh  this 
theory  is  in  accord  with  a  number  of  faets  and 
has  been  fruitful  in  stimulating  research,  it  is 
unnecessary  to  give  further  aetaOs,  as  in  a 
later  paper  (l)unstan  and  Hill.  »?.f'7.  1911,  99, 
18S5),  the  authors  no  longer  hold  that  it  is 
adequate  to  explain  all  the  observed  phenomena. 
They  still  maintain,  however,  that  water  and 
oxygen  alone  are  sufficient  to  initiate  and 
maintain  the  rusUng  process. 

The  enunciation  of  the  newer  theories  has 
led  to  much  investigation,  the  chief  object 
being  to  decide  wliether  iron  will  rust  in  air  and 
water  when  eveiy  precaution  is  taken  to  ex- 
dude  carbon  dfonde.  Moody  (diem.  floe. 
Trans  1906,  S9.  720),  aa  the  result  of  careful 
experiments  directml  to  tliis  special  point, 
concluded  that  water  and  oxygen  alone  were 
insufficient  to  induce  rustinp.  In  experiments 
where  iron  had  remained  bright  for  manv  weeks 
the  introduction  of  a  minut^e  quantity  o(  carbon 
dioxido  at  onoe  determined  rusting.  The 
experiments  of  Friend  (J.  Iron  and  8ted  Inst. 
19<»S.  II.  16)  also  led  to  the  same  conclusion. 
On  the  other  hand«  Cushman  (The  Corrosion  of 
Iron,  Bulletin  No.  90,  VJB.  Dept.  of  Agric.  I»07). 
Tildon  (Cheni.  Soc.  Tnins.  T90S.  9rt.  l.-ir.S),  Heyn 
and  Bauer  (Mitt.  Kunigl  Mut-eii.il-prufuugsawt, 
lOOS,  26)  oondnde  that  water  nnd  oxygen  alone 
suffice  to  oanw  and  maintain  nuting. 


Ncarh'  all  the  experiments  just  referred  lo 
were  carried  out  with  iron  of  ordinary  com- 
mercial  parity.  This  circumstance  made  it 
pn-f-ihlo  for  supporters  of  the  'acid  theory*  to 
asunbo  tixe  ruBting  in  absence  of  carbonic  aei(i. 
to  the  presence  of  aoidio  substances  generated 
from  impuritiea  in  the  iron  itseli  Lambert  and 
Thomson  (Ghem.  Soe.  Trans.  1910,  07,  2426) 
found  that  carefully  purified  iron  remained  un- 
changed when  exposed  for  several  mouths  to 
purified  air  and  water.  Any  specimen  of  com- 
mercial iron,  or  of  iron  prepared  with  fewer  pre- 
cautions than  the  immune  sample,  rusted  quite 
readily  under  the  same  cinMUUtances.  I'rom 
their  experiments,  the  authors  concluded  that 
whilst  pure  iron  will  not  rust  in  pure  air  and 
pure  water,  iron  ■will  i!  o  if  it  contains  only  a 
small  amount  of  impurity,  even  if  the  impurity 
ii  neither  add  in  itaell  nor  1il»)y  to  give  rise  to 
acid. 

The  one  positive  and  indisputable  con- 
clusion which  aeeroa  dedndUe  from  the  fore- 
going summary  of  experimental  results  is  that 
contamination  of  the  air  or  water  with  carljonic 
acid,  and  of  the  iron  with  *  impurities  '  in  general, 
facilitates  the  rusting  pzooess.  Apart  from 
that,  there  is  obviously  direct  eontnubotion.  In 
the  latest  l^aper  already  referred  to,  Dunstan 
and  Uill  {I.e. )  adduce  evidence,  which,  if  accepted, 
affords  an  explanation  of  many  discr^andes. 
Tlieir  experiments  go  to  show  that  in  all  esses 
where  the  rusting  process  failed  to  occur  in  the 
prefcnee  of  air  and  water  alone,  the  iron  bad 
been  rendered  *  passive '  by  its  preliminary 
treatme.jt,  passivity  being  shown  by  the  in- 
ability of  the  iron  to  dissolve  in  nitric  acid  of 
sp.gr.  1'2  or  to  precipitate  copper  from  a  dilute 
solution  of  copper  sulphate.  An  exception 
must  be  made  in  the  onse  of  the  hic;lily  purified 
iron  of  T/ambcrt  and  Thomson,  with  regartl  to 
which  it  is  held  rather  that  the  case  conforms  to 
*  the  general  experience  that  <  hemir  id  change 
I  is  invariably  retarded  when  Jiighly  purified 
materials  are  employed.'  Dunstan  and  Hill 
j  found  that  carbonic  add  destroys  the  passivity 
{  of  iron  and  in  that  way  may  indirectly  initiate 
the  rusting  of  such  iron-  The  normal  rusting 
process  they  regard  as  due  to  the  direct  action 
of  the  oxygen  dissolved  in  water.  Iron  does 
not  first  pass  into  sulution,  but  ferrous  hydroxide 
is  formed  uu  the  iron  itself  and  is  aftcrwnrd.s 
oxidised  to  the  ferric  state.  With  regard  to  the 
production  of  the  passive  state,  Dunstan  and 
!  Hill  record  a  large  number  of  observations  relat- 
ing to  iron  and  other  metals  and  favuur  the 
I  view  that  it  is  due  to  the  presence  of  a  film  of 
I  odde  on  the  surfsce  of  each  metal.  In  the  case 
of  iron,  the  film  (FcjO^)  remain?  intact  on 
heaf  ing  in  a  vacuum  to  400'^ ;  in  hydrogen  it  is 
I  destroyed  at  860°. 

\\  lien  we  consider  the  rusting  of  iron  as  a- 
prautical  question  in  the  light  of  the  foregoing 
I  experiments  and  theories,  it  nmy  be  said  that 
I  whatever  be  the  detailed  atomic  transactions 
of  the  prooess,  the  broad  ontUnes  of  a  workinff 
hypothesis  arc  rcailily  drawn.  Commercial 
iron  is  never  chemically  nor  physically  homo- 
geneous, water  is  never  free  from  an  electrolyte. 
An\  c'l  (  ttiM  liciiiii  id  theory  teaches  tliat  wlien 
iron  ainl  water  cf  this  kind  come  in  contact,  the 
conditions  fur  electrolysis  are  present.  The 
condition  ol  things  does  not  diner  essentially 
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from  that  where  a  rod  of  p  •.rifio  l  ^inn  and  a  ' 
pUUnum  wire  nre  iiumersc-d  in  dilute  sulphuric 
Mid.   When  the  protruding  endfi  of  the  mvtab  ' 
arp  connected  dirt-cfly,  or  Ly  a  conductor,  the 
zinc  dissolves  aud  kydrogeu  escapes  from  the 
platinum.    If  commercial  zinc  be  used  alone, 
local  oirooits  vn  lonnod  oa  ita  voriaoe ;  in  one  . 
place  the  metal  (fisMlvefl;  whilst  in  another 
hydrogen  is  disengaged  at  th<'  mirfiuo  of  an 
adjacent  impurity,    u  ths  zinc  be  amalgamated  , 
the  metal  moomea  coated  with  a  homogeneone 
film  of  line  amalgam  ;   local  circuits  are  no 
lunger  possible,  and  ^)  the  action  of  the  acid 
ceases. 

These  electrochemical  facts  are  fully  appli- 
oaUe  to  the  case  of  iron,  and  would  load  us,  in 
considering  the  causo  and  prevention  of  rust, 
to  look  first  to  the  physical  and  chemical 
heterogeneity  of  tlie  metalue  snrlaee. 

The  ferroxril  in^imfor.  The  study  of  the 
susceptibility  of  iron  U>  rust,  and  especially  of 
the  localisation  of  susceptibilityt  has  been  aided 
considerably  by  a  device  due  to  Cushinan  {I.e. 
and  J.  Iron  and  Steel  Inst.  1909.  I.  33)  and 
Walker  (J.  Amer.  Chem.  Soc.  1907,  29,  1257). 
'J'he  iron  to  be  studied  is  fixed  in  a  jelly  made  of  | 
agar-agar,  in  whioh  small  qaiuitities  of  phenol*  ' 
phtlialein  and  pot.i^sium  ferricyanide  have  been 
incorporated.  W  lu-rever  the  iron  is  being 
attacked,  Uue  ferrous  ferricyanide  (Tumbuirs 
blue)  appears,  wliilst  the  second  electrode  in  the 
circuit  declares  itstjlf  by  the  pink  colour  deve- 
loped from  the  phenol-phthalcin.  The  phik ! 
colour  results  from  alkalinity,  or  in  modem 
language,  hydroxyl  ions  ;  but  whether  this  is 
due  merely  to  the  eh-ctrulysis  of  the  potassiuui 
ferricyanide  and  tho  liberation  of  potassium  at  I 
the  negative  points  of  the  iron  mahotp  ot 
irhether  it  is  also  duo  to  the  direct  eleotroljsiB 
of  water,  need  not  be  discussc^I. 

Infintnee  of  'physical  wid  <■'■.  vical  heiero-  ^ 
geneity  on  the  rusting  process,    iiy  use  of  the 
ferrcixyl  indicator,  confirmation  can  be  obtained 
of  some  Lieiifrally  accepted  opinions  in  regard 
to  the  rusting  of  iron.    In  the  first  place  it  can  , 
be  shown  that  a  want  of  physioal  Itoniogeneity  ' 
in    itKclf   aggravates    the    process.    Thus  the 
laminations  of  a  metal  hecoine  clearly  marked 
in  the  indicator  ;  tlie  cut  ends  of  a  rod  where  I 
tho  metal  has  Ijeen  subjected  to  strain  are  seen  ' 
to  differ  elect rochomically  from  tho  rest  of  tho 
rod  ;   indentations,  scratches,  or  other  injuries 
beoome  centres  of  corrosion. 

When  we  oome  to  consider  the  inftaenoe  of 
chomicnl  heteror;,  in  itv  tin-  j^roblem  is  much 
more  difficult.  It  is  n»it  i  ;isy  to  sav.  for 
example,  what  is  the  relative  corrosibilitv  of 
cast-iron,  WTrmght  iron  and  the  various  kind.H 
of  steel.  Dogmatic  statcmcnt.s  on  tho  subject 
are  often  met  with,  justified  no  doubt  by  a 
certain  range  of  experience :  but  there  are  so 
many  Tsriettee  of  the  three  'metals*  and  so 
many  diffen^nt  conditions  under  whit  h  they 
may  be  compared,  that  a  single  generalisation  is 
hardly  )x>K.sil>]e. 

Cobb  (,T.  Iron  and  Steel  Inst.  MUl, 
T.  170)  finds  (i)  that  pun^  iron  is  definitely 
fIe<jtnj-|)Ositive  t->  m..  i  of  its  impurities  that 
is,  a  carrent  is  found  tu  flow  through  the  liquid 
from  iron  to  impurity,  the  iK>n  going  into  com-  ' 
binatfon  •with  ,s<onc  uh^tatu.'  in  the  l>([ui(].  .on] 
the  impurity  remaining  undissolved.  Among 


such  impurities  were  found  pho.sjjliide,  sulphide, 
carbide,  oxide,  and  silicate  of  iron.  With 
carbon  (granhite),  the  effoetfl  were  particularly 
marked.  Ail  the  iron  alloy<»  tried  (excepting 
ferro-mangane^)  were  also  electro-nugative  to 
piure  ivon.  (U)  With  the  anlphide  and  silicate 
of  manganese,  little  or  no  current  flowed^ 
because  i»oth  were  non-conducting,  (iii)  Man- 
g,ine>e  and  80  p.c.  forro- manganese  were  fount! 
definitely  electro-positive  to  iron,  manrameee 
going  into  solution,  while  iron  remain^  nn* 
dissolved,  (iv)  Fvrry  piece  of  commercial  iron 
showeil  electrical  effects  with  any  other,  and 
the  effisets  betn-ecn  portions  of  the  same  pieoe 
were  always  sufficient  to  induce  corrosion  when 
the  other  conditions  were  satisfied,  (v)  Micro- 
scopic examination  disclosi^l  the  same  general 
action  before  noticed  as  ocouning  between  iron 
and  its  irapuritiee :  the  iron  went  into  eolation 
arfiiind  the  impurity.  Manganese  .culphide  on 
iron  went  into  solution,  and  the  iron  also,  while 
with  manganese  atlioatc  and  iron  neither  waa 
att«ckctl.  Manir'inp^n  and  ferro-mangant^e  went 
into  solution  on  iron,  which  was  unattacked,  and 
even  preserved,  (vi)  Tlic  presence  of  an  im- 
purity determines  so  many  corrosion  centres  for 
iron.  Mid  so  its  influence  depends  more  on 
quality  than  quantity  ;  tluis  a  nion-  h<<nio. 
geneous  iron,  even  if  Ita^s  chemically  pure,  may 
be  more  highly  resistant  to  eonoston.  (vii) 
Certiiiu  rapi(il\  ap{)earing  conv>sion  rentrfs  in 
all  iroius  exanuned  were  not  visibly  relrtt4.>d  lo 
impurities  recognise!  under  the  microsc<»pe. 

The  surface  film  on  iron  or  ateel,  whatever 
its  composition,  may  1>p  much  more  homo- 
geneous than  the  underlyiuj:  niefal  and  .«o  Ien»l 
to  ambiguous  statements  as  to  tho  oorrosibility 
of  the  material  as  a  whole. 

The  cflFeet  of  the  carbon  content  on  tho 
corrosibility  of  iron  is  douiitlcHs  dependent  very 
largely  on  the  state  of  the  carbon,  and  tho 
amount  of  segregation  in  the  metal,  as  well  aa 
th«  modifying  effect  of  other  elements.  Experi- 
tru  iif^  made  bv  Hevn  stul  Bauer  (.f.  Iron  and 
Steel  Inst.  1909,  L  109)  indicated  that  tho 
oorroeibiUty  of  a  hard  toot-steel  (as  measured 
hy  its  rate  of  solubility  in  dilute  sulphuric  acid) 
was  greatest  when  the  quenching  temperature 
was  400^ 

Experiments  made  by  a  oommittee  of  the 
British  Association  a])pcar  to  show  that  with 
ptire  irou-carlKiii  alloys  tlie  maximum  corrosi- 
bilitv corresponds  tu  an  all-pearlite  iron  with 
0*89"  p.c.  of  carbon. 

It  apprars  to  be  establishecl  that  silicon  and 
nickel  mcrcasr  the  resistance  of  iron  to  rusting, 
while  the  san^e  effect  is  claime<l  for  small 
quantities  of  chromium,  copper  and  phosphorus. 
Sulphur  is  generally  admitted  to  stimulate 
rusting  inasmuch  as  man;;  luese  sulphi*lc.  in 
which  form  the  sulphur  is  usually  presimt, 
generates  the  sul|rimte  and  indirectly  fcrrom 
sulphate.  Acc«>rding  to  Stead  (T.  Iron  and 
Steel  Inst.  liK)!,  I.  10.1)  it  is  a  rccogaiscd  lact 
that  the  higher  the  proportion  of  sulphide  of 
inauirane^ie  in  Steel,  the  more  liable  is  it  to 
corrosion. 

Inftncnrr  nf  dissolved  auhi^tancfs  on  rn.'^ling. 
The  etfeot  of  dissolved  sails  in  the  water  has 
received  great  attention  in  both  the  laboratory 

and  industrial  study  of  nistiitL'. 

It  is  now  customary  to  ciasaiiy  dissolved 
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Bubetanoes  as  'stimulators'  or  '  inhibitors.' |  decreases  the  rate  of  diffusion,  such  as  reduction 
Ab  tk  geoenl  rak»  •  dMsoWed  salt  would  be  t  in  the  oae  of  aix^vater  surfaoe,  or  oovenng  it 
expected  to  stimmate  oonorion  by  increasing]  with alayerof nmterial imperraeaUetooxj'gen, 

thf  conductivity  of  the  wattr.  If  tho  .sul>.stance  '  will  delay  nisting.  Therateof  flow  of  the  water 
gives  an  acid  solution  this  action  will  be  all  the  past  the  metal  might  be  expected  to  have  an 
more  inarked.  On  the  other  haad,  strong  salt  influence  in  this  respect,  and  Heyn  uid  Bauer 
solutions  do  not  dissolve  oxygen  to  the  BAvno  (Mitt.  Kiinigl.  Material-priifungH  amt,  1010, 
extent  a*i  pure  water,  so  that  if  the  met&l  is  28,  93)  have  actually  foimd  that  slight  motion 
oompletdy  immcT.'^cd.  retardation  of  rusting  increases  the  rate  of  corrosioa  for  both  cast- 
might  be  expected  on  this  account.  The  above  iron  and  steel,  especially  the  former.  With  an 
oonchistons  are  borne  ont  by  the  experimental '  inoreaaed  rate  of  flow,  however,  the  oorroeion 
work  uliicli  has  been  done.  Acidh  and  am-  decreased  airaiti.  At  hiii;h  tornjK'ratnrt's,  it  is 
moniura  salts  stimulate  corrosion  very  con-  naturally  found  that  tixe  tendency  to  rust  is 
■iderably,  sodium  chloride  stimnlatee  in  dilute  greatly  inoreMed  although,  under  many  eon- 
solutions  and  ri'tardn  in  concentrated  .solutions,  ditions,  this  may  be  conipf'n?atnd  for  by  the 
Generally  up<;akiug,  a.i  tlu>  concentratiou  is  diminution  in  the  supply  of  oxygen  caused  by 
inereascd  the  corrosibility  iMcrea.wt^  to  a  maxi*  the  lower  solubility. 

mum  (critical  concentration),  and  then,  unless  >  In  addition  to  lack  of  homogencit}''  in  the 
interrupted  by  saturation  of  the  solution,  falls  metal  itself  it  must  be  remembered  that  contact 
pract icaliy  to  zero  (limitin<:  concentration).  >vith  a  loss  electro-jx^sitivf  metal,  the  prt^eiice 
The  limiting  concentration  in  certain  cases  is  i  of  small  quantities  of  mill  scale  (FeaOJ,  or  even 
fonnd  to  have  an  extremdy  low  vahte,  e,ff.  in  I  of  nut  jtself,  will  canse  the  iron  to  become  the 
alkalirii  : .  lutions  and  in  chromates  and  di-  soluble  electrode  in  a  galvanic  circuit  and  there- 
chromatew.  C'lm>matea  and  dichrouiates,  and  by  hasten  its  corrosion.  It  is  therefore  always 
other  oxidising  agents  are  known  to  render  iron  advisable  to  avoid  making  contacts  with  other 
passive,  and  Dunstan  and  Hill  (/.c)  have  shown  metals,  or  even  wit}i  <  it  her  kinds  of  iron,  at 
that  alkalis  al.««)  produce  pa.ssivity,  so  that  the  points  where  electrulytio  action  might  take 
eflfects  may  all  Ik;  due  to  this  cause.  In  any  place.  The  fact  that  iron  in  constant  tisc  does  not 
case  there  is  no  doubt  that  above  a  small  cou'  |  corrode  so  fast  as  when  at  rest  has  been  ascribed 
oentration,  many  substanoes,  such  as  potaastvm  .  to  the  fact  that  any  oiddee  formed  are  qnickly 
and  sodium  hydroxides,  carbonates,  pt^nian-  rt  inove<l  und  du  not  remain  to  rxerci^i-  a  gaf- 
saaatcs,  iodates,  chromates,  and  diohromates,  vanic  iiitiuence.  It  may  be  reinarkc<l  tliat  rust 
boiMC,  Ao.,  will  prevent  rusting  entirelj'.  This  itself,  being  porous  and  hygroscopic.  oSem 
property  of  potassium  dichromate  is  beginning  additional  favouraJilc  conditions  for  the  con- 
tO  find  industrial  application  in  the  painting  uf  Uuualiua  of  ru.stiug,  quite  apart  fruai  ila  gal- 
iron  work,  and  the  protection  of  boilers.   When  vanio  effect. 

more  thiia  one  electrolyte  is  present  in  the  |  FrenenHon  qf  ru«t.  Where  Uie  use  to  which 
wmter  the  efieets  are  mora  complicated  and  it  I  iron  is  to  be  ^it  does  not  admit  of  any  pro- 

is  found  that  the  eoticmt ration  of  the  inhibitor  tertive  coating,  it  is  obviously  nece  ;.r\  to 
must  usually  be  considerably  greater  than  when  consider  all  the  aliovc  questions,  with  a  vjew  to 
it  is  present  alone,  if  corrosion  is  to  be  prevented,  providing  conditions  which  shall  keep  corrosion 
An  interesting  special  case  is  the  behaviour  of  as  slow  as  possible.  The  steel  plates  of  a  steam 
potassium  «Uchromate  in  the  presence  of  other  boiler,  for  instance,  are  subjected  to  very 
salts.  In  such  cases  the  dichromate  being  an  stringent  conditions  which  often  cause  extensive 
acid  salt  reacts  with  the  other  salt  to  ptoduce  pitting,  so  that  special  attention  has  to  be 
free  acid,  which  dee^TS  the  passivity  and  allows  given  both  to  the  metal  of  which  the  boiler  is 
rusting  unices  the  dicliromate  is  in  large  excess,  contained  and  t<j  tla-  fcL-d  water.  An  example 
For  practical  appUcation  as  a  rust  preventive  i  is  described  by  Huntley  (J.  Soc.  Chcm.  Ind. 
in  sneh  oases,  potassium  chromate  which  pro-  1909,  28,  3.%)  of  remarkiable  corrosion  in  » 
duces  no  acid  is  equally  effective  (Friend  and  stand-by  boiler  which  coxUd  not  be  prevented 
Brown,  J.  iron  and  Steel  Inst.  May  1911).  i  by  adding  alkalis  to  the  water.    Blisters  were 

The  Mtion  of  sea  water  on  iron  is  known  to  found  near  the  water  level  of  the  boiler,  filled 
be  much  more  vigorous  than  that  of  fresh  water,  i  with  a  liquid  which  contained  ferrons  solphate 
In  particular,  owing  to  the  action  of  such  salts  '  and  sulphuric  acid.  The  production  of  the  sul- 
as  magnesiiiMi  ehloride.  the  solution  of  the  iron  phuric  acid  was  founil  to  be  due  to  the  pret-encc 
will  take  place  even  in  the  absence  of  air.  of   manganese  sulphide  in   the  steel.  Tho 

It  has  already  been  indicated  that  the  eon-  {  Mister  of  rust  had  retsined  the  sulphuric  add, 
eventration  of  disjM^lveid  oxygen  at  the  surface  of  and  oxygon  passed  in  to  oxidise  the  sulphide 
the  metal  has  a  very  important  intlucncc  on  tho  .  more  rapidly  than  sodium  hydroxide  to  neutra- 
progress  of  rusting.  Bmctical  experience  con-  ]  lise  the  resulting  acid.  In  this  caM%  a  remedy 
firms  this  in  many  ways.  Pipe  lines  convoying  was  effected  by  tho  addition  of  sodium  arsenite, 
water  have  been  known  to  fail  mainly  on  which  presumably  acted  as  a  retlucing  agent 
account  of  the  extreme  aeration  of  tho  water,  and  seized  the  difi.-olved  oxyger..  There  are 
Bridge  structures  always  rust  most  readily  near  various  other  devices  for  the  removal  of  oxygen, 
the  water  level,  particidarly  if  tho  water  is  in  each  as  jiassing  the  feed  water  over  scran  mm 
fslight  motion  (^rr  (Vd)b,  l.r.  174  .T  and  Fig.  5).  in  a  chwed  box,  or  the  addition  of  an  alkaline 
Iron  work,  which  is  deeply  immersed  in  water  solution  of  tannm,  which  in  the  boiler  torms 
or  deeply  buried,  rusti  nuieh  more  slowly  than  strongly  reducing  pyrogallato.  The  use  of 
that  which  is  nearer  to  the  atmosphere.  The  dichromates  or  chromates  has  already  boon  ro- 
oxygen  used  up  at  th<'  tnetal-water  surface,  is  fcrred  to,  although  {)w  practice  ha.-*  not  yet 
gradually  replace<l  by  diffusion  fmm  the  air-  l>ei  n  widely  tested  on  the  large  scale.  Other 
water  surface,  and  anything  virluch  prevents  or  i  attempts  to  protect  iron  have  been  made  by 
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]>IfioincT  piecQB  of  line  in  conUct  with  the  metal 
bO  that  the  iron  would  bo  protectod  at  the 
ezpenae  of  the  zinc.  This  practice  ia  not  very 
Monomioal,  and  usually  the  effect  of  the  zino  is 
confined  to  its  immediate  locality.  In  certain 
circumstance^;,  ImwevcT.  iho  method  is  of  vahie. 
A  method  of  prcrcnting  or  retanltng  the  corro> 
aion  of  boilen  consists  in  applying  an  ezt«ma] 
nirront  80  that  the  hoiler  shell  is  the  cathode, 
an  iuimersod  piece  of  wrought  iron  the  anode, 
and  the  boiler^water  tho  clectrolyto.  A  cniTMit 
of  1  to  2  ampezQS  at  4  to  8  voIt«.  pressure  is  said 
to  show  a  satisfactory  nnluction  in  tho  extent  of 
the  attack  on  the  plates  (Unrker  and  MaOIM- 
mara,  J.  Soo.  Chcm.  Ind.  1010, 22, 1286). 

Where  oonditiona  permit  it,  and  eqpeoially 
in  the  case  of  stmctiiral  iron  work,  it  ;  of 
course  a  ojatter  of  economy  to  give  to  ex^xised 
iron  work  a  protective  coating.  Tho  first 
essential  is  to  provide  a  coating  which  shall  be 
as  impervious  as  {X)ssible  to  air  and  water. 
Further  considerations  arise  particularly  with 
regard  to  the  course  of  events  at  points  wheie 
the  coating  has  given  way.  For  small  wtieles 
a  film  of  vaselitu-.  Mack  h  ad.  or  similar  material 
whicli  can  bo  readily  renew etl  is  of  great  practical 
value.  A  coating  of  hot  tar  or  pitch  (Angus 
Smith)  has  also  found  wide  application.  Wire 
and  articles  of  sheet  metal  may  be  protected 
by  means  of  a  coating  of  a  less  corro.sible  metal, 
uso&Uy  uoo  or  tin.  Tin  iiJate  finds  its  vidoot 
application  in  the  raannfactinv  of  vessels  to 
contain  foodstnfTrJ,  and  other  articles  for  which 
a  long  life  is  not  desired.  It  is  not  suitable  for 
severe  conditions,  since  at  any  |»int  where  the 
iron  has  become  exposed  a  couple  is  produced  in 
which  tho  more  electro-positive  iron  acts  as  the 
polubic  electrode  and  suffers  rapid  corrosion. 
It  is  therefore  of  im{K>rtanco  that  the  tin  should 
be  as  free  from  yin  holes  as  possible,  and  the 
ferr'ixvl  indicator  applied  in  a  thin  layer  to  the 
surface  of  the  metai  is  a  very  valuable  indica- 
tion of  the  extent  to  which  they  exist.  Every 
pinhole  is  indicated  by  the  devclnpment  of  a 
)luo  »i>ot  which  shows  that  iron  is  i>as8ing  into 
solution.  In  galvanised  or  zino-coatcd  iron  tho 
state  of  affairs  is  leversed.  The  sine  protects 
the  iron  first  by  its  own  resistance  to  corrosion 
and  flien  wIkii  the  eouiincr  i-^  broken,  by  the  faet 
that  the  iron  is  protected  at  the  expense  of  the 
more  clectro<positivc  cine.  Them  are  several 
nirthods  now  in  use  for  providincr  the  zinc 
coating  in  the  most  suitabk  iorui.  in  the  hot 
di[)  method  the  iron  after  passing  through  a 
'  fluxing  solution  '  is  dipped  into  molten  zinc. 
The  fluxing  solution  which  hjis  for  its  object  the 
(  li  iiiing  of  tho  iron  -urt  u  i-  usually  contains 
hydrochlorio  acid  and  the  traces  of  this  which 
are  carried  over  often  have  an  undesirable 
cfT' t  t  in  producinjj  corrosion  of  the  finished 
product.  In  addition  to  tho  care  iitceseiary  to 
avoid  this  effect,  it  is  very  im|x>rtAnt  to  control 
the  bath  so  thai  a  suihcieutly  uniform  and  thick 
layer  of  zinc  shall  be  pnxluced  on  the  iron. 
Other  methods  of  depositing  the  zinc  arc  by 
electrolysis  and  by  exposure  to  the  vapour  of 
zinc  (Sherardising),  and  it  is  claimed  tluit  both 
thc^e  methods  produce  a  more  resif-i  uit  coating 
than  the  hot  dip  proces-j.  The  unuormity  of  a 
Kino  coating  can  be  tested  by  dipping  the  nx-tnl 
in  a  hot  concentrated  .solution  of  cnnstic  -  o  t  i 
(Walker,  Proc.  Amcr.  JSoc,  Testing  Matenaj5, 


lOOf),  8,  430V  Pnre  zinc,  under  such  conditions, 
is  practically  unaffected,  but  in  contact  with 
iron,  as  it  would  be  whsve  there  were  cracks  or 
pinholes  in  the  coating,  a  onnent  of  hydrogen  is 
produced  from  the  iron.  Tested  in  this  way, 
not  palvanised  iron  was  found  by  Walker  to 
bo  relatively  free  from  imperfections,  but  wet 
or  deotxolytically  galvanised  was  freqtiently 
p>orou8,  indicating  the  nccesf^ify  for  carefnl 
aupervisiou  of  tho  rate  of  deposition  of  the  zinc 
so  as  to  obtain  the  most  adherent  coating.  A 
number  of  other  protective  devices,  mostly 
j>atented,  depend  ujwn  the  production  from  the 
iron  itaelf  of  a  re.si.stant  surfnco  layer.  Tht; 
best  known  of  these  is  tho  liarff-Bower  method 
of  producing  a  fine  closely  adhering  layer  of 
magnetic  oxide,  by  tho  net  ion  of  steam  on  fho 
heated  metal.  In  this  way  a  very  uniform 
and  durable  coat  inn;  ciui  bo  obtained  on  articles 
which  are  not  too  large.  When  the  metal  doea 
become  exposed,  however,  the  oxide  forms  with 
the  metal  a  couple  which  results  in  stimulated 
corrosion  of  the  iron.  In  the  Tatlock  process* 
^e  magnetic  oxide  is  obtained  by  heating  in  a 
bath  of  fused  sodium  or  potassium  nitrate.  The 
Coslett  process,  which  is  largely  used  in  bicycle 
manufacture,  depends  on  the  production  of  an 
in.^Lihdile  layer  of  phosphate  by  the  regulated 
action  of  phosphoric  acid.  These  and  similar 
methods  of  protection  are  all  fairly  efficient  lor 
the  protection  of  smaller  articles  or  sheets  of 
iron  under  not  too  stringent  conditiona.  Bat 
where,  as  h  often  the  case  with  Ftructtiral  and 
massive  ironwork,  the  water  may  contain  much 
soluble  foreign  matter  (often  of  an  acid  nature), 
the  prorrrcss  nf  corrosion  must  bo  carefully 
watched  and  checked.  This  involves  the  u&o 
of  a  protective  coat  which  shall  be  renewable 
in  9itu  and  eomly  applied.  For  this  leMOQ,  a 
conriderable  amount  of  attention  is  now  being 
]iaid  to  the  protection  of  iron  work  by  painf. 
and  the  relative  values  of  the  various  pigments 
and  media.  It  is  sgain  desirable,  in  the  first 
place,  that  the  fdin  shall  be  impervious  and 
mechanically  durable;  aiui  wcondly,  that  when 
its  protective  action  breaks  down  tho  subee> 
quent  effects  should  be  inhibitive  rather  than 
stimulative.  Since  oil  does  not  iwnetrato  iron, 
special  attention  has  to  be  ji.iid  to  the  adhesive- 
ness of  the  first  coat,  and  therefore  to  the 
thorough  scraping  and  cleaning  of  the  iron 
surface  before  it  is  applied.  In  addition  to  this 
it  is  of  very  great  impurtance  that  the  metal 
shoold  be  absolutely  dry.  It  is  also  neoessaiy 
to  pay  special  attention  to  the  purity  and  homo- 
geneity of  the  material,  especially  to  the  freedom 
of  the  linseed  oil  from  resins.  With  repard  to 
the  effect  of  the  pigment  itself  a  great  deal  of 
important  testing  work  on  the  large  scale  is 
now  in  proffrcss  in  .■\merjca  under  the  direction 
of  the  Amencan  Society  for  Testing  Materials 
and  the  Paint  Mauufacturers'  Association  of  tho 
United  Statea.  A  full  account  of  tlieso  experi- 
ments and  a  general  discussion  of  tho  pro- 
tection of  iron  is  to  be  found  in  Cushman  and 
Ciardner's  Corrosion  and  Preservation  of  Iron 
and  SteeL 

Oushman  (Bull.  26,  U  S.  Hepf.  of  AtrTic. 
1909),  a.s  a  result  of  small  acale  experiments, 
has  divided  pigments  int(»  three  classes,  inhibi- 
f'  T-.  iiuli  t.  t iiiinr^tet),  and  stimulators.  In  th«^ 
UfHt  cluuji  are  found  (probably  on  account  of 
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their  pMsivifying  propeitieg),   the  vorioos 

chromato  pigments  containing  zinc,  li-ad,  and 
barium  chrurnatcs.  The  value  of  these  iuliibi- 
tors  appears  to  bo  confirmed  by  the  earlier 
observ^tioiiA  of  the  J«xge  soalo  teste.  Oa  the 
other  hand,  good  oomdiietiag  pigmeate  much  ae 
g0ai>faito  arc  almost  invariaujr  foond  to  be 
stimulatora. 

Another  importa&t  aspect  of  the  corrosion 
pniblem  is  the  possible  mating  of  steel  imbedded 
HI  concrete.  If  this  tuolc  place  to  any  great 
extent  the  consequent  increase  in  volume  would 
apeedily  lead  to  the  destruction  of  the  concrete 
with  disastrous  results.  It  is  generally  believed, 
however,  that  concrete,  properlj-  prepand,  is 
almost  a  perfect  preservative  lor  steel,  the  excess 
of  alkali  exercising  a  iHonoanoed  ptoteotive 
aotion.  It  is  obviously  necpssary,  howovcr,  if 
fUe^eDtive  conditions  are  to  be  maintained,  that 
the  mortar  ahonld  be  dense  and  well  rammed,  so 
that  the  percolation  of  Avatcr,  oanying  away 
lime,  and  possibly  introducing  stimulative  dis- 
solved matter,  shall  be  avoidt  i1.  An  even  more 
dangerous  ooatiugeacy,  so  far  as  ooncxete  is 
ooaoemed,  is  tiie  ponnMlity  of  ooROiion  being 
stimulated,  under  otherw-Lse  preventive  con- 
ditions, by  stray  electric  currents  wiiich,  in  the 
modem  development  of  electrical  industry, 
have  been  so  fruitful  a  soone  of  the otnrocioa  of 
underground  pipe  lines. 

From  the  economic  point  of  view  the  question 
of  rust  pcevention  fneeents  itself  as  one  needing 
largo  BMle  experimeats  iot  its  proper  study. 
The  numerous  conditions  which  affect  the 
corrosion  of  unprotected  iron,  and  the  various 
effects  of  protecting  agents  under  differont  con- 
diti'tnn  render  all  8Uggeste<l  acceleration  testis  of 
iiiiie  value.  The  ferroxyl  test  and  the  rate  of 
eolation  in  dilute  acid,  although  they  give 
valuable  information,  do  not  reuodnoe  in- 
dnetrial  oonditions  aA  all  aaMAotonly,  and  any 
conclusions  obtained  from  them  most  be  applied 
with  caution.   A.  fim. 

RVTHBinillL  Sjm.  Rn.  At.vt.  101*7.  TUe 
TTT  ta!  is  otttLiined,  together  \^'ith  oemhtm,  as  a 
iiy -product  m  the  treatment  of  osmiridinm  and 
otiier  native  alloys  of  the  platinum  metals. 

The  residue  from  the  extraction  of  iridium 
and  osmium  is  treated  with  a  mixturo  of  potash 
and  ]x)ta8.sium  nitrate  in  a  silver  crucible. 
After  cooling,  the  brown  mass  is  extracted  with 
water,  aa  orange  solution  of  potaasiiim  mthenate 
being  formed.  It  m  separated  by  tlccantation 
and  the  ruthenium  &&h  id  precipitated  l>y  nuatis 
of  nitric  acid  or  alcohol.  It  is  washed,  dried, 
and  reduced  by  hydrogen.  The  metal  thus 
obtained,  which  is  impure,  is  again  melted  with 
potash  and  nitre ;  it  is  then  treated  -with 
ohloiine,  when  volatile  ruthenium  peroxide  is 
formed,  whidli  is  redistilled  with  water  *in  a 
current  of  chlorine.  The  peroxide  is  then  con- 
verted into  oxide  or  sesquichlorido,  which  vvhun 
redttoed  with  hvdrogen  gives  the  pure  metal 
(Clnns,  Ann.  Chim..  Phys.  1860,  [iii.]  59,  111). 
The  motAl  may  bo  obtained  crystalline  by  heating 
its  alloy  wnth  tin  in  a  carbon  crucil»le,  in  a  ruri<-nt 
of  hvdrogeii  chloride,  or  by  heating  the  iiuclv- 
divued  metal  with  pyritee  and  borax  (v.  Devffle 
and  Debray,  Compt.  rend.  ISTO,  89.  5W). 

Ruthenium  is  while,  hard,  and  brittle,  and, 
after  ucsnuum,  is  the  least  fudUiO  but  the  meet 
foadiiy  oadiaed  metal  in  the  gvoap.  The  fnaed 


metal  has  a  sp.gr.  of  12^  and  is  acanidyattadted 

by  acids  or  even  by  aqita  regia. 

At  a  bright  red  heat  it  oxidised  superticially 
by  air  or  oxygen.  It  is  also  attacked  by  ohloane 
and  by  flnor^,  but  not  by  sulphur. 

In  a  fine  state  of  divisicm  the  metal  has 
energetic  catalytic  projxrties. 

CoUaitUU  ruthenium  has  been  obtai]ie<l  in  the 
same  manner  as  eoUoidal  oemlnm  {v.  Osmxm). 

Neither  the  metal  nor  its  salts  have  found 
any  definite  apphcation  in  the  arts,  aitiiuugh  a 
amall  quantity,  probably  for  chemical  uses,  is 
reported  officially  as  having  bem  imported  into 
the  United  States  in  1910. 

HuTHKMiUM  Compounds. 

Ruthenium  forms  the  oxidee  Ra,0„  RuOj, 
RuO^,  and  salts  corresponding  to  the  oxides 
RuO,,  RujO;  (Gutbicr  and  iUnwhoil,  Zeitsch. 
anoTg.  Chem.  1906,  45,  243). 

Ruthenium  sesquknlde  Ru,0,  forms  a  black 
scaly  mass,  produced  when  the  trioxide  is  heated 
in  carlx»n  dioxide.  The  corres|xjiuling  trihy- 
droxido  Eu(OU$)  is  obtained  by  precipitating  the 
triohlofMe  «dth  aa  alkali  It  is  a  uaek^brown 

f>rocipitate  iii^<olublo  in  water  and  alfcalis»  hoi 
orniin^  a  yeliuw  solution  in  acids. 

Rtttnemum  dioxide  RuO,  is  obtained  by 
roasting  the  dwulphide  or  Huli)lKito  in  air  or  by 
heating  osmiridiurn  alloy  in  a  current  of  pure 
air,  wlien  the  dioxide  is  wirried  forward  by  the 
osmium  tetroxide  formed  at  the  same  time,  and 
deposited  in  the  oolder  part  of  the  tube ;  the 
osmium  tetroxide  Ixiiig  more  volatile  is  earried 
further.  The  dioxide  cr3'^«taUises  in  small  hard 
tetragonal  pyramids,  x^ossesses  a  green  metallic 
lustre,  a  bluish-green  irideHcence,  and  is  iso- 
morphous  with  cassiterite  and  rtUik.  The 
hydroxide  Ru(OH)|,3H.O  is  a  red-brown  sub- 
stance giving  yellow  solutions  in  alkalis  and 
acids. 

Ruthenium  tetroxide  RuO,  k  prepared  by 
treating  a  solution  of  potassium  ruthenato 
(fwmed  by  fusing  the  element  with  sodium 
peroxide ;  or,  better,  with  potash  and  potassium 
nitrate)  with  chlorine  (Mylitis  and  Dictz,  Bcr. 
18U8,  31,  3187  ;  Gutbicr,  Zeitsch.  angew.  Chem. 
1909,  22,  487).  It  forms  beautiful  crystals, 
fairly  stable  when  dry,  but  decomposing  rapidly 
when  moist.  lt.s  vaptmr  ha^;  an  irritating  smell 
and  is  poisonous.  It  blackens  organic  matter, 
and  is  reduoed  by  alcoholic  ]pota8li.  When  the 
solid  tetroxide  is  treated  with  alcohol  Hcrious 
explosions  may  occur  (Debray  and  Joly,  Compt. 
rend.  18U1,  IVS, 

Ruthenium  dlchloride  RuCl^  is  probably 
present  in  the  blue  liquid  obtained  by  the  action 
of  sulphuretted  hydrogen  on  the  trichloride 
EuCl,,  which  is  boat  prepared  by  treating  the 
tetroadde  with  20  p.o.  hydioohlorio  add,  and 
then  placuig  the  whole  in  a  cooling  mixture 
under  reduced  pressure  for  2  Iiuuis.  It  forms 
an  almoet  black,  cr^.Htullinu  mass,  and  yields 
an  orange-coloured  solution  in  water,  which 
when  warmed  gently  dei)o.'jitH  an  intensely 
black  precii)ilal<,-  (( lUtbier  and  Trenkner.  ZeiUicb. 
onor^.  Chem.  19U3.  4d,  im,  I78J.  The  solid 
chlonde  becomes  liquid  when  in  contact  with 
the  air  antl  dissulvrs  in  dilute  aqueous  or  alcoholic 
hydrochloric  acid  wiih  an  iiitense  purple-red 
ooloor  (Gutbicr,  I.e.).  The  trichloride  forms 
double  salts  with  alkali  chlorides,  known  as 


biyiiizca  by  GoOglc 


RUTHENIUM. 


nuheniockloridet  or  chiororuthe»iU*  (UiolaU  aad 
T^ginri,  Oan.  ohim.  itat.  1900,  90,  u.  511; 
Howo,  J.  Amer.  Chcm.  Soo.  19^1,  23»  775  j 
ibid.  1904.  20,  543,  942). 

Ruthenium  tetraehloridt  RuCI^  h3«  not  boon 

obtained  ]>ur(' ;  it  also  form«  *!  inl)|c  chlorides 
with  the  aikili  chlorides  and  With  hydinchl  iridc8 
of  orgatuc  l):i:jC9,  known  as  riUhenichloride.s  or  ' 
ekhrorulhenates  (Gutbier  and  Zmckor,  &x. 
1907,  40,  690).  Bromide  and  iodide  deriTatiTW 
of  ruthenium  are  al.so  ktiowa. 

Ruthenium  sulphide  Ku^t),  occurs  uaturallv 
aa  the  mineral  lauriie  and  crystalliaoa  in  email 
octahodra  {sec  Antnnr-  ^nd  LllCOheei*  Gmi. 
chim.  ital.  li)00,  30.  ii. 

Ruthenic  sulphate  Ru(SO«),  is  obtained  bv 
diaeoiving  the  tetrahydruxide  in  sulphuric  acid. 
It  forma  a  deliquescent  |K)\\tler  closely  resem- 
bling mosaie  gold.  It  givts  a  n-d  yfllowHolution 
in  water,  which  when  treated  with  sulphur 
dioxide  changea  from  bright  red  to  green,  then 
to  blue.  Whon  nlcohol  is  arldod  to  this  blue 
solution  colloidal  rtUheniuui  suiphiie  Ru2(S03)3 
in  precipitated  (Antony  and  Lucchesi,  ibid.  71). 
By  the  continued  action  of  sulphur  dioxicK-  on 
ruthenic  milphntp.  Ritthfttium  dithwnatc  KuSjOj  > 
is  foriin- 1  :     /.  1^.  i>.      ii.  i:j9). 

Ruthenium  nitrosocbloridet  and  some  of  ite 
complex  derivativea  are  deaeribed  by  Ho<Mi 
{.r.  Amor.  Chom.  Soc.  IH'Jl,  10.  nS8)  ;  I.ind, 
(ibid.  1903,  25,  928);  Brizard  (UompL  rend, 
is'ii),  129,  216;  Asm.  Chim.  Fhya.  lOOO,  viL 
21,  311). 

Ruthenium  fornid  cumplux  compounds  with 
amnioiua  (W  i  raer,  Ber.  1907,  40.  2614).  Euthen- 
iocjfanides  oorreepondiiu  with  the  ferrocyanidee 
and  THlheniocyanic  aeieT are  described  by  Howe 
(J.  Amer.  Chom.  S,)C.  1800.  IS.  081  ;  Howe  and 
CampbeU,  ibid.  Ibm.  20,  29);  ruthenium 
oarbonyl  oompoundH  by  Mond,  Hiite  and 
Cow.tj.  (Hvn^.  S.f  '(Vans.  1910.  708). 

Ruthenium  siiicide  RuB'u  form;*  hard,  small 
whito  crysuls  of  sp.gr.  lo.  (Moissan  and 
Manohot,  Compt.  n»d.  1903. 137,  229). 


Rothenium  pbospliora}  haUdes  have  been 
obtained  hv  Streoker  and  Sohurigin  (Ber.  J 909, 

42,  1767).  '  Z  K 

RUTILE.  A  native  form  of  titanium  dioxide 
(TiO|)  crystallising  in  the  tetragonal  system 
and  isomurphoua  with  cossiterito  (SnO,).  Other 
native  furiim  of  titanium  dioxide  are  the  less 
I  common  and  loss  stable  minerals  anatase  and 
brookite.  Rutilo  forms  ptismatio  oiystaU  with 
a  good  ptismatio  deavage^  It  is  trandiioent 
to  opaque,  vfUni  wit!i  i  brilliant  lustn^  and 
ranges  in  colour  from  rt-ddiiih-brown  to  black; 
the  streak  is  yellowish-brown  ;  H.  6-6|.  The 
characteristic  reddish-brown  colour  (ln-nce  the 
name  rutile,  from  the  Latin  rtUilus,  red)  may 
usually  be  seen  on  thin  GleaVi^  flakw  when  the 
mineral  is  broken.  The  range  in  oolonr,  and  alao 
in  sp.gr.  (4*2-5-2),  is  due  to  the  presence  of 
variable  amounts  of  ferric  oxide,  apparently  in 
solid  solution  in  the  rutile :  in  the  black  variety, 
called  n^'iie,  this  may  bo  as  high  as  10  p.G. 
Rutile  occurs  in  granitic  roeks,  but  more 
frequently  in  gneiss  and  schist,  aud  is  often 
collected  in  quartz  veins  traversing  those  rocks. 
Being  resi.stant  to  weathering  agents,  it  accumu- 
■  latcs  iu  .sands  aud  clays.  Large  crystals  are 
found  in  quartz  veins  at  Graves  Mountain  in 
Geoiipat  in  the  matite  mines  at  Kragero  in 
Norway,  at  RiaBr  m  Norvray,  &c.  At  Boeelaod 
in  Nelson  Co.,  Virginia,  it  occurs  abuti<lantly 
in  p^matit'C,  and  together  •with  apatiti>,  <.^c., 
forms  a  dyke-rock  called  nelsonite  (W.  M. 
Thornton,  Amor.  J.  Sci.  1911,  31,  218).  These 
rocks  are  quarried,  crushed,  and  washed,  and 
the  mtile  obtained  in  the  form  of  a  resinous 
brown  sand.  Small  amounts  of  the  mineral 
are  also  produced  commercially  in  Norway. 
It  is  u.sed  in  the  nianuf.irlure  oi  Cast-iron  and 
cast-stfel ;  for  imparting  a  yellowish  tinge  of 
coknir  to  porcelain  (parttculamr  tme  bJae  teeth)  ; 
in  dyeing  leather ;  and  in  Uie  *  carbons '  of 
cleetrir  arc-lights.  L.  J.  S. 

HUTIH  V.  (k.U008II>aS. 
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SABADIUiA  nu   Vtralnne,  art.  Ybosto- 

ALKALOIDS. 

SABTNERB  «.  Ttapms. 

SABROMIN.  Trade  name  for  the  calcium 
salt  of  dibromobehcnic  acid,  which  is  obtained 
by  the  action  of  bromine  on  erucio  acdd  (v. 
SYKxmrno  dbuos). 

8AC0HARANE  is  obtaine<l  by  heating  sugar 
ire  vacuC  ril  •2(.m\  and  cxiracting  the  caramelised 
mass  with  methyl  alcohol  until  the  solvent  is  1 
no  longer coteuwMl,  treating  the inmluble residue  j 
with  \ratpr,  and  cvaporalini:  tin-  s.  .lul  Ion  i 
twtCMo,  atUr  filtration.    The  yield  is  al»oui  20  i>.c. 
of  the  sugar  taken.    Saccharane,  which  has  the 
formula  Ci,H„0„2HiO,  in  not  precipitated  by 
lead  acetate,  and  is  non-hygroscopic  and  tA«te-  ' 
le*3.    An  its  solution  ha.s  a  constant  colouring 
power  it  has  been  proposed  to  employ  it  aa  the  { 
atandard  for  determining  the  ooknir-valiie  of 
commercial  carameb  by  cokdmetric  methods  ^ 


(v.  Cabamsl)  (Ehrlich.  J.  Sac.  Chem.  Ind.  1910. 

506). 

SACCHARIC  ACID  r.  Carbohydrates. 
SACCHARTMETRY  v.  Sugar. 
SACCUAfiiN  (vHenzoicsulphinide} 

was  discovered  by  Remsen  and  Fahlberg  in 
1879  (Ber.  12,  469  ;  Amer.  Chem.  J,  1,  426),  and 
was  first  prepare* I  by  Fahlberg  on  a  largo  .scale 
from  coal  tar  or  analogous  substances  containing 
a  large  proj^rtion  of  toluene,  benzene,  &o. 

Preparation. — Toluene,  or  the  substance 
containing  it,  is  heated  with  fuming  sulpihttTio 
acid,  wbereby  «•  and  j»-8ulpbonie  aotos 

€H,-CaH4-S0,H 
are  formed.   These  are  converted  into  their 
calcium  salts  by  treatment  with  calcium  carbonate 
and  horn  the  calcium  salts  the  aodium  salts  a«« 
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obtained.  The  luttor  are  dried,  and  trpatt-d 
with  phijsphoru^  triciilorido  and  a  stream  of 
chlorine,  whereby  two  sulpbonio  chlorides  arc 
lormed.  The  phosphonu  ox^ptshiurido  also 
formed  is  distillea  off  and  th<^  r^tduo  in  strongly 
cnidtd  iinil  eentrifugalised  wlun  tlv  crj'stalbne 
para-  chloride  aepantea  from  tho  ortbo-  chtorido 
whioh  m  liquid.  The  ktter  is  trMted  with  dry 
ammonia  or  ammnninni  ciirltuimte  forminq  tlie 
amide  CHj'C,H4  i>U,^.U,,  which  in  wa^iiicd  with 
Wftter  and  on  oxidation  nith  alkaline  potassium 
pfrmanganate  yields  tho  potassium  salt  of  o- 
tulnlmmine  benkoic  acid  ;  the  latter  is  treated 
■with  h\  ir  >  liliiric  acid,  ftiriiiiiig  the  free  acid 
UOaHC«U4bO^U„  which  is  spontaneoaaly  con* 
Torted  inlo  paooharin  (Eng.  Bats.  6620^  1886; 
22787.  1891  ;  10955.  1895;  17401,1896;  9m, 
1899;  D.  R.  P.  122667). 

A  number  of  other  methods  of  preparing 
(taocharin  have  been  proiwsed. 

100  lbs.  of  O'toluene  sulpbonamide  may  be 
mixed  with  23  llw.  of  slaked  lime  and  stirred 
with  2U0  gallons  of  water.  The  mixture  is 
heated  to  W-80"»  and  180  lbs.  of  98  p.c.  caloitim 
pcrnnn-niuitf'  disx.lvid  in  ."0  i^'allons  of  watt-r 
are  atlUud  gradually  with  wnntant  stirring.  The 
raaogaaese  eompound^  are  removed  by  filtra- 
tion and  the  saccharin  is  pr»'ci}»ital(  <1  from  the 
filtrate  by  addition  of  atul  (Kiig.  Patij.  3ii»i3. 
2.5481,  1903;  see  ako  Eng.  Pats.  3080,  ISltjs : 
4525,  1900;  22214,  1901;  Pat.  092863. 

1902) ;  or  tiie  o-tohnme  snlphonamide  may  be 
convt  rtrcl  into  sacrluirin  by  oxidising  it  elei  lndy - 
tioillv  in  the  presence  of  alkaline  permauganatc 
at  40^-50''  (Eng.  Pat.  9822,  1903;  see  also 
Bft^Pat.  8601.  isnn). 

The  methyl  group  in  toluene  may  be  oxidised 
to  car  boxy  I  before  the  intiodttetion  of  the 
sulpho*  or  anl]ihamino>  group,  thns  avoiding  the 
formation  and  subsequent  ^e^ation  of  p- 
toluene  sulphouio  ohloride  (Aig.  JPtA,  14122, 
1900). 

Saoohatin  may  be  mairafaetured  by  heating 

10  parts  nf  o-sulphamine  hcnznic^  acid  dissolved 
in  50  ports  of  alcohol  with  40  part«  of  sodium 
hisnllibitr  or  20  parts  of  sodium  pyrosulphatc 
for  several  hours  on  a  water- bath  >\'ith  a  re  flux 
condenser  when  the  following  reaction  takes 
place : — 


CA<^S:NH+NaHS04 


C.H,  <g^^>  NH +Na  ,80^ + H,0 + H,SO  * 
or  C.H^<^^^+Xa,S,0, 

-.C^^<§g>KH+Na^04+H,S0. 

The  sulphuric  acid  is  neutralise!],  the  alcohol 
removed  by  distillatinn.  when  the  residue  coniists 
of  saccharin  and  its  cthvl  ester,  which  is  readily 
hydrol>'se<l  by  scxlium  hydrexiilc  at  the  ordinary 
iempeniture.  Th(>  }  iel^  is  said  to  be  95  p.c.  of 
the  theoretioal  (Eng.  Pkt.  7199,  1900:  see  ako 
Eng.  Pats.  393(1.  Is05;  21026.  1890:  IIM, 
15009,1897:  19029,1899;  12585,1900). 

Saccharin  has  also  been  prepared  from  o-benc« 
aldf>hv(Ic  Milphonic  ar  id  fKnt;.  Pat. 2765.5,  1896) 
and  frcni  7)-iirouiact  tan i fide  (Kreis,  Annnlen, 
1895, 28t>,  .177).  Forothi  r  im  tho<l3(<?f€  Witting, 
Chem.  Zsit.  II.  314;  Eng.  Pats.  5135.  1895  ; 
1966^  1896;  10810.  1897;  6537,  1001;  U.S. 


pAt.  692598»  1902 ;  List  and  Stoia,  Bar.  1896, 

31,  1665). 

Commeroial  saccharin  generally  contains  a 
fairly  lacg^  proportion  of  p-sulphamioe  bensoio 
;  acid^  the  sweetening  power  of  whioh  is  far  less 

'  than  that  of  sAccIiariti. 

To  purify  it,  hydrochloric  acid  suflicicnt  to 
neutralise  the  p'  salt  is  added  to  a  concentrated 
solution  of  tho  alkali  salts  of  crude  saccharin. 
The  i>ara-  acid  se|>aratc8,  leaving  the  ortho-  salt 
in  solution  which  may  now  be  treated  with  acid 

I  to  obUin  pure  saccharin  (Eng.  Pat.  22787, 1891 ; 

1 10789,  21417,  1903). 

Saccharin  is  ohiainod  in  n  very  pure  form 

I  by  orystallLsation  from  acetone,  when  it  forms 

I  li^e,  transparent  raonosjrmmetrie  crystals, 
which,  when  crushed,  exhibit  phosphoresoenoe 

i  (Pope,  Chem.  Soc.  Trans.  1895,  986). 

'  Proptrties. — Saccharin  is  a  triiite  cryetallino 
substance  which,  when  quite  pure,  melts  at  220**, 
and  is  600  times  as  sweet  as  sugar  (the  com- 
mercial pii  111  1  is  nl>out  300  limes  as  sweet), 

j  1  part  in  1U,0U0  of  water  giving  au  intensely 

!  sweet  taste.  It  safalimes  at  100*  and  is  aolnUe 
in  cold  walrr  only  to  tho  extent  nf  1  in  400,  in 
boduig  water  1  iu  28,  in  alcohol  1  in  30,  in  glycerol 
and  in  amylacetate  1  in  50.  in  ethyl  acetate  1  in 
20.  It  is  ako  soluble  in  ether,  in  ammonia,  and 
in  alkali  carbonate  solutions,  the  alkali  salts 
being  formetl  in  th«'  latter  ia.-.e.    li  is  not 

I  attacked  by  nascent  hydrogen  in  alkaline  8olu« 

'  tions.  by  potassium  permanganate,  by  hydrogen 

I  peroxide  or  by  halor'en  or  nitri<-  acid  inthaoold. 

I  With  hot  nitric  acid  it  is  hydroly8e<l. 

I      When  boiled  with  hydrochloric  acid  it  forms 

'  o-sulpliamino  benzoic  acid,  and  then  ammonium 
hydrogen  sulphobenzoate  C0,H-t;,H|'i50,NHj 
(Remaen  and  Barton,  i^mer.  Chem.  J.  11, 

,408). 

!     Saooharm  aets  as  a  disnifeetant,  bat  as  a  pre- 

'  .scrvativc  for  beer  it  in  said  to  be  practically 
,  useletss  (Burkard  and  Seifert,  Chem.  ZeiU  ISi^, 
I  19,  220 ;   Maeblodeit,  Woeheusohr.  Branerei, 

:  1898,  15.  Sm). 

I      Saccharin  t6  used  as  a  sweetening  agent, 
I  particularlv  in  tho  manufacture  of  sweetened 
aerated  waters  (Chem.  Zeiu  12, 100 ;  Bull.  Soc. 
ehim.  1889,  348  :  Levinstein,  J.  Soc.  chem.  Ind. 
1880.  75).  althou:;h  It.s  u.^e  in  fuf)d  is  prohibited 
I  in  some  countries.    It  is  employed  in  medicine 
I  as  a  sofaetitute  for  sugar  in  diabetes,  liver 
disease,  for  the  reduction  of  corpulence,  and 
goncraliy  where  the  use  of  snpar  is  undesirable, 
and  it  may  be  mixed  with  alkaioi<ls  to  render 
their  taste  less  objectionable  (Eng.  Pat.  598, 
1886). 

Accordini:  fo  Nencki  (Chem.  Zeit.  TTr  p.  ISOO, 
j  23,  372).  and  to  Berlioz  [ibid.  1900,  24,  416),  the 
1  efifeot  of  saocharin  on  the  digestion  is  less  thui 
I  that  of  an  eqnivalrnt  wriplit  of  suL'ar.  This 
{opinion  is,  hu\v«jvcT,  contrary  to  tlie  widely 
accepted  view  and  i.-*,  according  to  Windi.seh 
;  (Wdch.  Brau.  1900,  17.  284).  based  on  esiientially 
incorrect   assumption.s   (srr   also  ChasiievaTit, 
Compt.  rend.  Soc.  Hi  .1.  I'.hiI.  ...1.  206:  J.  Soc. 
;Uhem.  Ind.  1886.  421;  ibid.  1882,  292,  688; 
\ibii.  1889.  68:  tftM.  1890.  645,  1062:  Thumen, 
Chem.  Zeit.  1801.  l,',  n3t;. 

Teafji, — Saccharin  gives  a  voluminous  precipi- 
tate with  mercurous  nitrate  and  a  less  abundant 
precipitate  soluble   in   exccp^i   vith  mercuric 


>  nitrate  (Parmeggiani,  Bull,  chiin.  Farm.  1908, 
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47,37).  When aMobuin is  heftied  with  salphuno 
aoid  Mud  diresoreinol  a  product  is  obt«ned 

M'hich  when  treated  w'lih  \\.it<r  and  liltiTcd 
furms  nn  inteuaely  violet  liquid  (Waiitera,  J. 
Soo.  Chom.  Ind.  1909.733).  Saccharin  ia  evapo- 
rated  to  dri'ne«R  with  nilrio  arid,  cooled,  nnu  a 
few  drofw  oi  a  boluliua  uf  mdium  hydroxide  in 
50  p.c.  alcohol  is  added,  a  feint  yellow  colour  is 
foriQed.  If  the  liquid  ia  spread  out  on  the 
snrfaoe  of  tho  dish  and  heated  rapidJy.  blue- 
violet  and  red  streaks  are  formed  (Liiidc.  Ch« m. 
Hewa,  1888,  58,  51.  155).  The  subsUnce  con- 
taining saociuirin  is  evaporated  to  diyness  and 
transferre<i  to  a  small  n  tluctioii  tul>e  in  \vliich 
a  small  piece  of  sodium  or  jxjlatidiuiu  htuj  bt*eii 
placed.  The  whole  i»  heated,  and  M'hcn  the 
reaction  is  over,  the  tube,  whilst  still  hot,  is 
immersed  in  freshly  prepared  sodium  nitro- 
prusside  when  a  violet  tdloiir  \\  ill  be  produced — 
salioyJiic  acid  does  not  interfere  with  this  teat 
(Mahter,  Chem.  Zeit.  1900,  29,  32). 

The  sub.-itance  ')n  evaporated  almost  to  dryness 
in  a  portckin  crucible,  and  the  residue,  after 
bein^'  tn  atcd  with  a  drop  or  two  of  water  and 
a  particle  of  eansfic  ^odd,  i.^  ngain  evaporated 
to  dryueaii  and  fuaed.  The  cold  melt  is  dissolved 
in  1  c.c.  of  water  neutralises!  with  dilute  acid 
and  tested  with  1  p.c.  ferric  alum  reagent,  when, 
if  Mcebarin  is  present, »  violet  oolour  u  produced 
(Ciuth.  Amer.  J.  Pharm.  1909.  81,  636;  sec 
also  Truchon.  Chem.  Zentr.  1900,  i.  691  ;  Brd- 
vm  t6<&U06;  VUliers,  ibid.  1904.  i.  1457; 
Chase,  J.  AnwT.  Chem.  Soe.  1901,  20,  1027). 

It  siilicyljc  acid  is  present  jt  liaa.  tu  be  removed 
before  this  test  can  be  applied  ;  for  this  purpose 
the  aolatioa  ia  mixed  with  hydrochloric  acid 
and  bromine  water  ia  added  in  excess,  this  pre- 
cipifate.-i  the  .salii'vllc  acid  (piantitnti\ ely.  The 
solution  is  then  tiltcred  and  excess  of  bromine  is 
removed  by  a  current  of  air  (Hairs,  Chem.  Zentr. 
1893,  ii.  087  :  Bomamartini,  Rev.  Intern.  Wvf. 
1906.  19, 

When  saccharin  is  heated  with  a  small 
quantity  of  a  mixture  of  0  o.e.  of  phenol  and 
3  c.c.  of  strong  sulphurio  acid  for  5  mins.  at 

l(;o°-l  TC''.  .'Mid  tlie  jiro.hiet  is  (li^^(lIvl•ll  iti  uater, 
on  addition  of  a  solution  of  sodium  hydroxide, 
the  eolntion  becomes  pnrple>red  or  roee-red 
neenrilin^r  to  tin-  arnnurit  of  .^.leeharin  jircjent  : 
salicylic  and  Ix  tiiiojc  acids  do  not  jiiturferc 
with  this  i'  action.  Other  phenols  also  give 
characteristic  ooloun  (Kaatle,  Chem.  Zuitr. 
1906,  i.  1675). 

A  few  grams  of  Ihe  substance  is  dissoh  ed  in 
10  0.0.  of  water  and  made  faintly  alkaUne.  A 
aolution  of  p>diazon{tnuiiline  ta  added  drop  by 
dro))  ai^if  ;i1  ioii  until  tlie  col  air  firs-t  fi  inm  d 
disappears.  Tiie  liquid  ia  then  shaken  up  uith 
other  and  the  lower  layer  ia  withdrftMii  and 
replaced  by  20-30  drops  of  10  p.c.  caustic  .soda 
solution.  On  gentle  agitation  a  <?reen  ring  is 
formed  in  the  presence  of  saccharin,  a  rnl  one 
in  that  of  salicylic  acid,  and  a  red- brown  ring 
in  the  presence  of  both.   If  the  soda  is  removed 

and  ri  [ilneid  liy  aiinin-nin.  tho  rflicr  is  de- 
colonriist  d  ami  liie  annnoma  becomes  blue-grren 
in  the  lirst  case,  refl  in  the  second,  and  violet  in 
the  tlurd  case  (Riegler,  Chem.  Zentr.  1901, 
1.  00). 

Saccharin  inavo'  li  i<  riQincdmicrocheniically 
by  means  of  nitron,  if  the  former  be  hrst  con- 
Verted  into  o-aulpbamino  bensoic  acid  1^  treat- 


ment with  dilute  alkali  (Viaaer,  Chem.  Zentr. 

1907,  i.  302). 

To  detect  saccharin  in  li<  «  r,  wines,  syrups, 
Sic,  the  bitter  principle  of  hops  muift  tirst  t>o 
removed  by  treatment  with  copper  nitrate  until 
no  further  precipitate  is  forineu.  The  solution 
is  then  mixcni  viitn  purt-  oaud  and  phosphoric  acid, 
and  after  conoeatration  is  (>xtractcd  with  a 
mixture  of  ether  and  light  petroleum.  The 
extract  is  evaporated  and  the  residue  is  dissolved 
in  a  little  sodium  earbonate,  and  is  tott d  by  the 
taste  and  other  mcthoda  aa  above*  If  the  sub- 
stance oontaina  tannin  it  may  be  removed  by 
the  addition  of  fcrrie  eldi.ride,  after  which  tho 
bolutiuii  is  made  lilightly  ulkuiine  by  addition 
of  calcium  carbonate. 

Tho  solution  of  the  food  or  beverage  may  be 
freed  from  alcohol  by  evaporation  and  acidified 
with  aectic  aeid  (2d  tlmp!^  fur  every  100  c.c); 
it  ia  then  treated  with  a  normal  aolution 
of  lead  acetate  in  exoeea  and  aUowed  to 
stand  for  30  minutr'5,  after  which  t'.xec?-.-!  of 
N/5  solution  of  sodium  sulphate  containing 
an  equal  quantity  of  sodiam  pho«|^te  is 
addcfl  and  tho  It  ad  salts  are  removed  by 
idteration.  The  hilrato  is  concentrated  ou  tho 
water-bath,  acidified  with  dilute  sulphuric  acid 
and  ahaken  with  a  mixture  of  equal  volumes  of 
ether  and  benzene.  The  extraet  after  evapora* 
tion  may  now  be  treated  with  potas.=iinn  per- 
manganate and  sulphuric  acid  to  oxidise  the 
salicylic  acid,  and  tlie  product  again  extracted 
with  ether  and  benr.ene.  Thervapfirated  exlmrt 
is  then  treated  as  alxjvu  (iiianchi  and  Isoia,  d. 
Soc.  Chem.  Ind.  1909,  1267;  Jdnenam,  ibid. 
732j  flawh>WBki,<Md.732). 

For  other  methods  of  detecting  saccharin  in 
l>everai.'i^.  see  Spaetlt.  Zeitsch.  angew.  Chem. 
1893,  579  ;  Wautera.  Chem.  Zentr.  1896,  i.  576  ; 
Morpui^o,  ibid.  1897,  ii.  531  ;  Rossing,  ibid, 
18!in,  ii.  274  :  Herzfeld  and  Wolflf,  Wochen^rhr. 
Jiruu.  IbUb.  l.>,  Xi'i,  (3(iiS  ;  Wirthle,  Chem.  Zeit. 
1900,  24,  1035;  Blirez,  BuU.  l'A^...e.  chim. 
Sucr.  Dist.  1899,  17,  319  ;  Boucher  and  Boungc, 
Bull.  Soc.  chim.  1903,  fiii.]  29,  411;  Spica, 
Gazz.  eliim.  ital.  19C\],  31,  ii.  41;  Tagliavioi, 
BolL  Chim.  larm.  1907,  46.  64& 

To  detect  eaeehatin  in  fooda  rich  in  proteida, 
fats,  and  starch,  the  substance,  mixed  with  sand 
and  blaked  hmo,  may  be  extracted  with  a 
mixture  of  alcohol  and  aodinm  diknide  solution. 
The  fat  is  then  removed  from  the  extract  by 
light  petroleum,  and  tho  remaining  liquid  is 
free<l  from  alcohol  by  evapxiiation  on  a  wati  r- 
bath,  cooled,  extracted  with  other  to  remove 
duhin,  again  evaporated  and  acidified  with 
sulphurJe  acid,  after  which  the  saecharin  is 
cxtractcii  wah  u  uuxt  ure  of  ether  and  light  petro- 
leum (Tortelli  and  Piasta,  Zeiteeh.  Nahr. 
Genus.sm.  1910,  20,  489). 

For  the  detection  of  saccharin  in  milk  and 
butter,  see  also  Levs,  Compt.  rtiid.  l',K)2,  132, 
1056:  Wirthle,  Chenu  Zeit.  1901,  25,  816; 
Formenti,  Chem.  Zentr.  1902,  H.  841. 

For  the  detection  and  (silmation  in  cocoa 
.  powders,  Driessen,  Mareeuw,  I'lmrui.  Weekbhid. 
I  1907.  44.  246. 

I      Saccharin  may  be  estimated  by  the  following 

I  process : — 

j  0-5-1  grm.  of  saccharin  or  saccharin  mixture 
1  is  wei^dH'd  into  a  100-120  C.C.  glaas  flaak  and  50 
I  C.C.  of  N/ 1 ,  ua  ia  added.  The  flaak,  fitted  «ith 
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mn  tat  ooodwiwr,  is  boiled  ge&Uy  for  2^  hour^ 
t1i«  amiiKmia  prodnoed  ig  eitinuited  by  Kjel- 

dahl's  pnjce.ss,  and  the  nunilK-r  of  c.c.  N/10 
eulphuho  acid  uaed  to  ncutraluiu  tht^  ammonia 
muniplied  by  0*0183  gives  the  weight  in  grams 
of  pure  saccharin  prc'j-t  r.t  in  the  sample  (Proctor, 
Cfaem.  Soc.  Traus.  1S)0.>,  242  ;  Testoui,  Zeitiich. 
Nahr.  Genussro.  1009,  18,  577).  Pure  saccharin 
should  yield  7*66  p.o.  of  •mnumiA.  SaoobAnn 
may  also  be  Mtinated  as  noduaiiiate 
(C,H,[COSO,]X),Hg  by  precipiUting  with  mer- 
cury nitrato  (Vitah,  Chem.  Zentr.  1899,  i.  1297). 
For  other  methods,  aee  (Delle,  ibid.  1900,  ii. 
744;  Ddfoumel,  J.  Pharm.  1901,  [iv.]  13,  512; 
Parmeggiani,  I.e.),  iu  urine  and  fieccti  (Bloor,  J. 
Biol.  C^em.  1910,  8,  227;  Wakeman,  ibid.  23S). 

The  chief  impurity  in  oommercial  saccharin, 
p-sulphaminobenzolo  acid,  may  be  estimated  by 
titration  \y;lh  N  10  caustic  I  i  'Gliit  k.smann, 
Chem.  Zentr.  1901,  ii.  588 ;  «ee  also  Reid,  Amer. 
CSimn.  J.  1890,  21,  461 ;  J.  Boo.  Chem.  Ihd. 
1900,860). 

DmvAmiB  OF  SaooBABnr. 

Saccharin  combines  with  mineral  and  organic 
bastes,  forming  well-defined,  usually  crystalline 
falls  which  may  be  obtained  by  the  action  of 
carbonates  or  bicarbonatee  on  saccharin  or  by 
the  action  of  sulphate  on  sodium  eaccharinaiej 
which  is  very  soluble  in  water  and  is  known  us 
»>lubU  sacchturin.  The  latter  ia  often  used 
inataad  of  aaoflliafint  both  in  andiolaa  and  lor 
■wMlening  pnxpoiea  (Gbomist  and  Draggift^  32. 
642). 

Suemnlne,  the  ammonium  salt,  is  formed  by 
dii^solving  saccharin  in  the  required  amount  of 
ainnionia.  After  standing  for  some  time,  the 
solution  deposits  white  cryntaLs  far  .sweetor  than 
saccharin,  being  700  times  as  sweet  as  cane- 
sugar.  It  melts  at  about  160*,  is  equally  solabte 
in  hot  and  cold  water,  and  is  also  soluble  in 
methyl  and  ethyl  alcx)hol,  but  not  in  other 
organic  solvents  (D6fournel,  Bull.  Soc.  chim. 

25.  322:  Bellier.  Chem.  Zentr.  1901.  i. 
•423  i  Blarez,  Zeitsch.  Nahr.  Genuosm.  1901,  4, 
763).  Otbar  metallio  dwiTativea  an  abo 
known. 

Alkyl  derivatives  of  saochariD  of  the  type 

SO 

C,H4<^qq'>KR  are  obtained  by  the  inter- 
action of  the  sodium  salt  and  the  required  alkyl 
iodide  (Fahlberg  and  List,  Ber.  1887,  20,  1606; 

Brackett,  Amer.  Chem.  J.  9,  406). 

Ethyl  saccharin  (Sachs,  Wolff  and  Ludwig, 
Ber.  1904,  37,  3252)  forma  long  nt^dles,  ni.p. 
93^-04*',  is  tasteless  and  readily  soluble  in  hot 
water.  Liko  other  alkyl  saccharins  it  combines 
with  organo magnesium  broraidf;  thus:— 

t,,H^^tv,NB+2M»Ba:+H,0 

(Bachs,  Wc)liT  iimI  Lud^^\-ig,  I.e.). 

Mattayl  SMobwrln  forms  flat  needles,  m.p. 
181*-132*.    lllsthy]  saoobarin  of  formula 

C,H,Me[COSO,lNH 
is  formed  by  converting  p-toluidinc-wi-sulphonic 
acid  into  the  corresponding  cyano-  toluene 
•Ulphonio  acid  by  the  diazo-  reaction.  By  the 
action  of  aounoniR,  the  cyano  sulpbamido  is 
obtained,  and  this  by  hydrulytiis  yields  the  Mid 
Voii.  IV.— 


C JIJle(SOiNHa)CO,H,  which  on  heating  vielda 
methyl  saoeharin  (D.  R.  P.  48683).  It  melts  at 
246*,  resembles  saccharin  in  taste,  is  readily 
soluble  in  hot,  sparingly  in  cold,  water,  and  is 
soluble  in  alkalis  and  many  organic  solvents. 
A  number  of  derivatives  of  methyl  saccharin 
have  been  obtained  (Weber,  Ber.  1892, 26, 1737). 

Ethoxy  saeeharin  OEtC,H,<^»>NH,  haa 

m.p.  267*'-258*,  and  is  not  sweet  (Bemflan  an'd 
Pal  [mer,  Amer.  Chem.  J.  8,  227). 
SMcbarlnate  of  monomethylamlne 

C,H4<so^>NHNH,Me, 

m^.  1^6^-167%  is  prepared  by  mixing  aqueous 
sdEntions  of  methykndne  and  aaoenarin  in 

equimolet  111  1 1  ])roportion8  and  evaporating  the 
mixture  *»  vacud.  Salts  of  sacchariu  with  other 
amines  are  prepared  similarly.  They  are  very 
soluble  in  water  and  in  alcohol,  but  insoluble  in 
most  organic  solvcuta  (Fr.  Pat.  32209G,  1902  ; 
Eng.  Pat.  12181,  1902). 

Saccharin  reacts  with  phenyloarbaaide,  form- 
ing a  compound  which  crystallises  m  vfaito 
neodles,  m.p.  08**,  and  is  decomposc<l  by  dilute 
solphario  acid  or  by  prolonged  boiUns  with 
water  with  formation  of  o-sulpbaminobenzoio 
acid  (Dtffonxnal,  BolL  Soo.  ohian.  1901,  £iii.]  25, 
604). 

Nilro;  amino-,  and  alkylnitrO',  and  aaUnO' 
derivatives  of  saccharin  have  been  prepared 
fNo\fti?,  Amer.  Chem.  J.  8,  167:  Remsen  and 
i;r  iV,  Aid.  1897,  10,  4U6  ;  J.  8tio.  Chem.  Inrl. 
1889,  476;  Eckenroih  and  Koorppcn,  Ber. 
1896,  29,  1048 ;  tWd.  1897, 80, 1266). 

WTien  chlorine  is  passed  into  a  pot-n  h  nlu- 
tton  of  saccharin  the  products  formed  dep<Mid 
on  the  quantity  of  alkali  present.  If  an  equiva- 
lent amotmt  of  saccharin  is  used,  the  sparingly 

soluble  chloride  C,H,<j^>NCI,    m.p.  152«, 

separates.  This  substance  is  not  sweet,  is 
similar  in  taste  to  a  hypochlorite  and  in  odour 

to  chloral.  If  excess  of  alkali  i«  j  rrmt,  the 
Bolutiuu  remains  clear,  and  if  an  acui  is  added  a 
precipitate  is  formed  which  may  be  o-sulphon* 
chloramidolH'iizoie  acid  or  o-snlphondichlora- 
midobcnzoic  acid  or  a  mixture  of  both,  depend- 
ing on  the  quantity  of  chlorine  aaed(Ghattaiinay, 
Uiem.  tioo.  Tians.'l905^  1882). 

Saoeharin  forms  a  yrhite  iraxy  oondenaatioa 
product  with  formaldehyde  (Parmeggiani,  I.e.). 
It  also  combines  with  caffeine,  strychnine, 
quinohne,  pipcrazine,  phenetidenc,  and  anti- 
pyrine,  forming  products  which  are  pnid  tn 
uauful  aa    antiseptics  ancl  antifermcuiaiivca 

,  (Eng.  Pat.  25152,  1899). 

Saccharin  condenses  with  pbenoli,  forming 

'  ptoducts  of  a  oonstitntiion  similar  in  type  to 
that  of  phthakin.  thus  with  ^isnol,  the  pioduot 

C«H4<i^^^«f^^^'«3NH  is  lofinod;  it  dis- 

solves  in  alkalis  giving  a  rod  solution,  which 
is  decolourised  on  addition  of  aeulB.  With 
resorcinol,  a  brown-red  mass  is  obtained  vhioh 

forms  an  orain^e-vellow  i^nlutinu  iu  alkalis.  ^Mien 
diluted,  the  solution  exhibits  a  powerful  ltccu 
fiuoresoenee.  The  colouring  matter  is  pretipi. 
tated  by  acids  and  may  be  purified  by  di.M.solviiit; 
it  in  alcohol  and  precipitaimg  with  water,  it 
forma  a  faioim  remn  mth  a  metaUie  lustre  and 

2a 
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jiddji  a  Iriacetyl-  derivative,  m.p.  286%  wbicli, 
on  aaponification,  yields  tlw  pufe  MceAonefH 

«>t<c!S,>C<c:2;oi>0-     Tha  kttter 

crystallises  in  salmon  coloured  scaU-s.  m.p.  205*-  ' 
267%  flolable  in  water,  alcohol,  and  lu  alkalis,  ; 
fonaing  in  the  latter  a  pure  yellow  Holution  vriih 
a  ^n^on  (luorescencp.    It  vields  halogen  deriva- 
tive!) which  alflo  form  coloured  solutions  in  alkalis.  , 
The  saccharelns  of  ethyl-  and  methylmetamino- 
phenols  also  form  colouring  compounds  (Monnet, 
and  KoBtaohet,  Bull  See.  ohim.  1897.  [iii.]  17, 
IVMK    1U30;     .Si.sley.    tbid.    )s2l).    T!r-  ktt.r, 
although  very  similar  to  the  rhodamines  in 
colouring  and  general  properties,  arc  instantly 
decolourised  by  alkalis,  but  if  an  acid  radicle  i^^ 
introduced  in  the  imido-  group,  the  colouring 
matters  formed  are  aimmg  toe  moet  stable 
towards  alkalis. 

Pseudo  -  saeeharin 

C,H4<gQ|^>0  is  formed  by  heating  cqui- 

molecular  proportion.';  of  .^^ulph^  V'  n7oic  acid  and 
acetonitrile  at  leS^-lTO"  for  b  iiours.  The 
product  is  extracted  with  alcohol,  and  on  evapo* 
ration  of  the  latter,  the  •saccharin  separates  as 
minute  wtite  crystals,  m.p.  225*.  They  dissolve 
n-addy  in  water  and  in  alcoho^,n(Jt  in  ether,  and 
are  not  swoot  (Mathewi,  J.  Amcr.  Ghem.  Soc. 
189S,  20,  m). 

Mmv  dorivativPH  of  i^-saccharin  have  been 
prcprt  d  (Jesurun,  Btr.  1893.  20.  2286;  Rcmsun, 
tbid.  2G34;  Eritech.  ibid.  1890.  2<i.  2295;  Brad* 
shavv.  Amor.  Cli<  iri    !.  1906,  35.  335). 

Chloro-t|r-5acch^arin  {chlorobemaUuUim) 

CCl 


^80, 


ia  nepaied  by  passing  chlorine  into  an  aqaeona 
sonttion  of  saeraiarin.  It  forms  white  crystals, 
m.p.  170*.  oidy  sparingly  Miludle  in  nmst  ornanK- 
solvents  axid  is  oouvertud  bv  alcohol  into  ethoxy'  \  ^mowhat 

^^^'^^^\i^!l^^3f^!*'iSr*^9^!''^  Owtt.  j  Schlieptr,  its  cumuooiUoa  i**  represented  by  the 
chim.  ital.  1900, 30,  ii.  029 ;  Aitaoh,  Bev.  1896,  ~  -  _  .    J..  . 

29.  2290). 

For  other  halogen  derivatives,  see  Koode, 
Amer.  Chem.  J.  13,  217 ;  Brackett.  I.e. ;  HoUe- 
man,  Rec.  trav.  chim.  1906,  [ii.]  26,  330. 

SACCHARINIC  ACID  C«Ht jO..  An  unstable 
acid  obtained  as  the  calcium  salt  by  boiling  solu- 
tions of  saodiarin  with  frcshlv  precipitated  chalk 
(Scheibler.Ber.  1880, 13,  2212  ;  Kiliani.  Annalen, 
1883,  218,  373;  Liebcrmaoa  and  Scheibler, 
Ber.  1888,  16,  1821;  Hermann  and  Totlens, 
ibid.  1884,  17.  1333).  /.<o-  and  mdamrchnrinic 
acids  are  formed  as  calcium  salts  by  the  action 
of  lime  on  milk<ragar.  The  former  is  also  formed 
by  boiling  ozycelluloscs  with  milk  <>f  lime 
(Faber  and  Tollcns,  Ber.  189y,  32,  2590).  The 
latter  may  be  prepared  by  treating  galactose 
with  water  and  freshly  prepared  oaloium  hydros* 
ide  Kiliani  and  Sandra.  Ber.  1893.  2tt,  1680). 

Para-  sneeharinic  acid  }■<  also  formed  in  the 
preparation  of  the  meta-  acid  by  the  last  method. 


1889,  22,  2728;  Sorokin,  J.  pr.  Chcm.  [ii.]  37, 
318,  Kiliani  and  Wilier,  Ber.  1904,  37,  1196; 
KiUani,  ibid.  190S.  41,  158,  469 ;  Kimbacb  and 
Heiten.  Annalen,  1908,  369,  317;  Nef,  wWd. 
V.m.  37«.  1. 

SACCHABINS  r.  C'AHuuuvuiiATfi. 

SACCHARONEC,H,0,  H,0.  A  substance  ob- 
tained by  tin  ".c*;iin  of  nitric  aeid  on  sacoharin. 

SACRED  BAHK  v.  Cascara  hbobaoa. 

SAFETY  EXPLOSIVES  v.  ExruKsnB, 

SAFFLOBIT£  r.  SMAumm. 

SAFFLOWBR  (6(ufemf  aaffron).   This  dye. 

.stutf  con.-<iats  of  the  dried  ilorcts  of  Cftrthatnui 
tinctoriuA  (Linn.),  an  annual  thistlc-like  plant 
belonging  to  the  Oynarocephalce.  A  native  of 
Southern  Asia,  it  has  been  cultivated  in  (1iina, 
India,  Persia,  Egypt,  also  in  central  and  iHiuthcm 
Bkirope.  When  in  full  bloom  the  yellow  florets 
are  plucked,  and  either  at  once  dried,  so  ajs  to 
form  an  orange-coloured  fibrous  mass  somewhat 
resemblinj,'  salTron,  or  they  are  first  kneaded 
with  crater,  in  order  to  remove  a  useless  yellow 
OOkNiting  matter,  and  then  pressed  into  tile  form 
of  bos-snaped  cakes  and  dried. 

flafflovik'er  owes  its  value  to  aa  ini^olublc  red 
eofeoring  matter  which  occurs  onh-  in  very 
small  amount,  about  0*5  p.c.,  whereas  the  soluble 
yellow  colouring  matter  is  said  to  be  present  to 
the  extent  of  about  30  p.e. 

The  yellow  colouring  matter  may  be  obtained 
by  first  precipitating  a  cold  aqueons  eztraotof  snf- 
flower  with  li-ad  acetaleand  aeetioaeid  and  then 
adding  ammonia  to  th«>  fdtrate,  i.e.  precipitating 
with  Msie  lead  acetate .  The  j^ellow  precipitate 
thu.s  obtained  is  enrefully  decompo.^cd  with 
dilute  sulphuric  acid,  and  after  removing  the 
lead  sulphate  the  filtrate  is  evaporated  to  dry- 
ness with,  exolosion  of  air.  It  is  thus  obtained 
as  an  amorphona  snbstance.  having  acid  pro* 

perties,  a  hitter  taste,  and  a  jx-culiar  odour.  It 

is  of  a  very  uuHtable  character,  and  on  exposure 
to  air  seems  to  oxidise,  beooming  brown  and 

ins()lu)il<>  in   wntrr,    .Vcnniincr  to 


formula  C,,H,4,0,o ;  according  tO  Ifalin,  it  ia 
<^i«Ht90if     This  product  is  appanntly  a 

gluooade  or  oontams  a  substance  of  this 

character,  for  after  di;,'o.-ition  with  hoilm_'  dilutf 
sulphuric  acid,  the  solution  yields  to  ether  a 
smaU  qnuitity  of  a  orystalline  yellow  oolouring 
matter  fprivate  commnnicatinn). 

Cartnamiu  or  cartiuimic  acid  is  the  name, 
given  to  the  useful  re<l  colouring  matter,  which, 
although  insoluble  in  water,  is  readily  soluble  in 
alkaline  solations.  To  obtain  it.  safflowci  is 
well  washtMl  -with  slii^htly  neiililied  water  to 
remove  the  yellow  colouring  matter,  then  it  is 
steeped  for  some  time  in  a  ooH  dilute  eolation 
of  .sodium  r.Tfbonatc.  If  the  alkaline  solution 
be  now  aciditiofl  with  acetic  or  tartaric  acids  the 
caithamin  is  precipitated  in  so- finely  divided 
a  condition  that  it  cannot  be  .successfully  col- 
lected. This  difliculty  is,  however,  obviatexl  hy 
making  use  of  the  fact  that  carthamin  is  readily 
attracted  and   removed  from   its  acidifieti 


III''  !-m!U- 

gra  dually 


Boththe  meia-  and  the  pan-  aoidsare  readily  solution  by  oellaloee.   Hence  bleached  eotton  is 
Oonverted  into  the  same  pentose  -an  aldose   immerse<l  and  moved  about  in  th.  alka 
Whiohwhen  oxidised  with  bromine  yiddi,  a  bulaue.   tion.  which  i&  at  t  he  same  liriie 
tnokarb<  xyhc  acid  (Kiliani,  Ber.  1908,  41. 120).   acidified  with  tartaric  or  citric  acid. 

Xrttera^ttfe  onthe  sMoharinio  acids  and  their  In  this  manner  the  eaMliatnin  m  slowly  pre- 
^'^^^^I^JJ^^ ^J^^^  1  cipiUted  and  iaat  once  altractetl  bv  the  cotton, 

Ber.  1898»  28»  3078 ;  Fisoher  and  Paasmoie,  Ber.  I  whieh  thos  becomes  dyed  red.  Aiifter  waehiag 
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the  dyed  oottun  with  slightly  acidified  w»tar, 
the  oolouring  matter  is  dusomd  off  by  maaiu 

of  a  dilute  evolution  of  sodium  (^urlionato.  from 
which  tht)  carthainin  is  throuii  donn,  on  the 
edditkm  of  tartaric  acid»  as  »  biight-rad  preoi- 
pitatc,  which  is  now  in  a  purer  and  more  pranular 
form.  Further  purification  is  effected  by  tlia- 
Bolvin^  the  dried  precipitate  in  akobol  and 
tepraonritetine  with  water. 

Prajner,  u»  flnt  to  iiiTest^^te  eutluunm 
(J.  pr.  Chom.  1844,  [i.l  32.  142),  described  this 
subetanco  aa  colourless  needles,  which^  by  air- 
oxidation  in  the  pesence  9f  alkali,  w«tb  con- 
verted into  f»rthamein,  tho  true  colouring 
matter.  Schliepor  (Anualeii,  1846,  58,  357), 
bowever,  pcovea  that  Preisser's  statements  were 
inoorreot,  and  he  isolated  carthamin  in  the 
form  of  green,  iridescent,  red  crnste,  or  as 
ji  pratiular,  jj^rt  ( insh-rfd  {>owder,  to  which  he 
aaaigned  the  formula  (J,  aHi^O,.  When  digested 
witK  boiling  alcohol,  it  was  converted  mto  a 
yellow  C(jin|M)iHi<l  harinjir  ^'-f^  composition 
C|4Ut40,.  Acuurding  to  Malm  (.Vanalcn,  1840, 
36,  117),  carthamin  gives  j>-hydroxybenzoic 
acid  when  digcstod  with  boil^  potassium 
hydroxide  solution. 

Ilatlclitio  (J.  Soc.  Dyers.  1897,  13.  1.58).  by 
extracting  an  air-dried  commercial  paste  extract 
<rf  safliower  willi  methyl  abohol.  snbseqaently 
evaporating  the  solution,  and  adding  hot  water, 
obtained  a  product  orystalliaing  in  r^,  iridescent 
needles,  melting  at  I68"-169°  (provisional), 
which,  Avhon  exposed  to  sunlight ,  changed  to  a 
red  powder.  A  study  of  the  absorption  spectra 
of  solutions  of  carthamin,  and  an  account  of  its 
ffeneral  properties,  are  described  in  his  paper, 
Dvt  the  antiior  reserved  analytical  detaus  for 
a  later  comnmnicntion. 

Sametaka  and  Per  kin  (Chem.  Hoc.  Trans. 
1M0»  97,  1415)  have  prepared  carthamin 
in  a  crvHtAlline  condition.  The  dried  and 
finely-gruuiid  commercial  extract  of  safilower 
is  extracted  on  the  water-l>nt  h  with  sttcceasive 
quantities  of  pyridine,  and  the  oombined 
extracts  are  evaporated  to  a  small  bulk  under 
reduceil  pressure.  Warm  ■water  in  then  added 
until  a  faint  turbidity  occurs,  and  on  standing 
a  semi-solid  crvstallino  mass  is  obtaineo, 
which  is  colleeted  and  washed  with  water.  To 
remove  a  wax  the  crystals  are  digested  lirst 
with  chloroform  and  then  with  ether,  and  the 
product  is  purified  by  repeated  orystalliBation 
from  pyridine  and  water.  When  crjrstalliscd 
in  this  manner  rnrthaniin  contains  jn  ridine  of 
oiyatalliaation,  which  is  best  removed  by  drying 
the  snbstanee  at  126^  or  I€0*. 

darthamin  consists  of  bright  scarlet - 
coloured  prismatic  needles  whicn  melt  and 
decompose  at  about  228*-230*,  is  very  sparingly 
soluble  in  methyl  and  ethyl  alcohol,  and  insolu  ole 
in  ether.  It  dissolves  in  cold  dilute  alkali 
hydroxides,  sodiii  in  carbonate,  and  a  ni  ni<  uiia  wit  h 
an  orange  colour,  and  is  repceoipitated  by  acids 
onehangod.  With  snlphorio  aoid  earthamin 
forms  a  dull  nd  coloured  solution,  which  after 
heating  to  100',  ^ives  with  water  a  violet  pre- 
eipitato,  poese.ssing  feeble  mordant  dydng 
pToyr-rtiPs.  and  is  <«oluble  in  alkalis  with  a  green 
otiiouriition.  Carthamin  is  decomposefi  by 
heating  with  dilute  mineral  acids  with  formation 
of  a  dull  brown  precipitate.  The  formula  of 
oarthamhi    is»  or  doiefy  approximates  to* 


^w^tfiiu  <uid  the  anhydrous  substance  is  ez« 
tiemely  hygroscopio  and  takes  up  twt>  moleeules 

of  water  of  crystallisation. 

JlfotM!po<(MM«m  earthamin  C,«U„0.|K  is 
formed  when  the  finely  powdc^rd  eoK>uring 
niatter  susjKnded  in  lx)il)ng  alcohol  is  treated 
%vith  strong  aiiucous  potassium  acetate  solution. 
It  oonsiBts  of  green  iridescent  needles,  and  is 
docorapoficd  hy  hot  water  With  liberation  of  the 
free  colouring  malt^T. 

Benzoyl  carthamin  CtjHjfOniCfHjO),  con- 
sists of  a  pale  red  amorphous  powder  which 
melts  and  decomposes  at  about  i30*'-235'*.  and 
an  acftijl-  derivative  has  been  ]in'pared,  the 
analysis  of  which  agrees  fairly  well  with  tho 
formula  CijH,,0,,(C,H,0)7. 

On  account  of  the  extreme  sensitiveness 
of  carthamin  to  alkali  («ee  later)  it  does  not 
appear  to  be  possible  to  obtain  a  pure  methyl- 
ation  product  of  this  colouring  matt«!r  by 
ordinary  methods,  and  tho  employment  also 
of  diaromethane  haa  not  given  a  snoesasful 
result. 

With  ttitrio  aoid  earthamin  yields  fk)ric  aeid^ 

and  when  fused  with  alkali  p-hi/droTifhrvzot'c 
and  acetic  acids  arc  formed.  By  the  aetiun  of 
boiling  potassium  hydroxide  sonition.s  varying 
in  strength  from  .50  to  I  p.C,  a  browtiish-ydlow 
coloured  liquid  was  quickly  produced,  which  on 
neutralisation  gave  a  brown  precipitate,  not 
susceptible  to  oystaUisation.  The  filtrate  from 
this  waa  found  to  eontain  p>eott*iMr*iB  oeiet,  and 
p-hydroxyben :  .!  I  hude.  No  third  [  i  <  riuct  soluble 
in  ether  could  be  obtained  by  this  reaction. 

When  earthamin  in  1  n.c.  sodium  oarbonate 
solution  is  treated  vrith  hydrogen  peroxide  p- 
C4mmaric  acid  is  produced,  and  the  crude 
methylation  product  of  the  colouring  matter 
similarhr  treated  gives  p-ffufAosyetanamtc  acid. 
By  oxidation  with  chromic  acid  anine  add  and 
anM  r  u!ihhifd(  are  (>btaine<l. 

Kamctaka  and  Perkin  were  imablo  to  pre* 
pare  the  yellow  compound  wliieh,  aoootding  to 
SchlieiHT  [I.e.)  and  Radcliffe  (f.c),  is  produced 
by  boiling  carthamin  ^ith  alcohol,  and  consider 
that  the  pure  substance  does  not  give  this 
reaction.  By  boiling  the  colouring  matter  with 
alcoholic  aniUne,  however,  a  yellow  crj'stalline 
snbstanee  miiUne  xaidkoatrAtminatit 

C,»H„0„-C,H,N 

is  readily  formed.   It  consists  of  needles  deoom" 

Eosing  at  276''-278^  sparingly  soluble  in  aleohoL 
1  a  similar  niatmer  fi-naphlhykimitit  xanthO' 
earthaminaU  C,  t  U  t«0|  I'Cj^U^.orange-coloured 
leaflets,  decomposing  at  about  266*>208*  ean 
be  prepared,  and  the  corresponding »t-r mi  i  - 
derivativc,  orange-coloured  leaflets,  dccom^o.-^i-a 
at  about  290'i» 

These  compounds  arc  probably  the  salts  of 
an  acid  which  is  termed  xanthocarthaminic 
acid;  it  n|)|KHrs  to  be  iHomeric  with  carthamin. 
and  is  probably  dosely  related  to  it.  It  was 
observed  that  when  the  /i>naphthylamine  com- 
pound is  dissolve<l  in  ixjtaK-iiuni  hydrf>xidf  solu- 
tion, tho  cl«ar  yellow  liquid  becomes  cloudy 
with  separation  of  /3-naphthylamine.  When 
this  latter  is  removed,  and  the  alkaline  liquid  ia 
neutralised  with  hydrochloric  acid,  a  curdy 
yellow  precipitate  slowly  separates,  and  this 
on  standing  g^«duaUy  beoomes  red  coloured,  a 
ehange  which  is  probably  doe  to  the  reproduction 
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of  cartbanuii.  On  account  of  the  large  amount 
of  oxygen  which  carthamin  contains  it  !•  eon- 
■idcrod  possible  that  an  aliphatic  nuoleiu  BMj 
bo  present  in  this  colouring  matter. 

Previous  to  the  discovery  of  .sufraiiinc  aiul  of 
theeoains,  safflower  was  frequently  used  for  the 
prodttotkm  of  brilliant  pinks  or  reds,  chiefly  on 
cotton  or  silk.  Tlu'  mu<lc'  of  dyeing  is  practically 
the  same  as  that  already  gtvon  in  describing  the 
prooess  of  obtaining  carthamin.  The  safflower 
m  bags  is  well  washed  with  cold  water,  iti  unler 
to  remove  the  yellow  colouring  mattt-r,  and  the 
red  colouring  matter  is  then  extracted  by  u 
treatmeafc  with  a  oold  dilute  solution  ol  sodium 
oarboDftte.  In  Hob  soluiKm  the  material  to  be 
dyed  is  worked  about,  at  the  same  time  adding 
'  lime  juioe '  (oitrio  soid)  giaduallv  until  in  slight 
ozoefls.  Bafflover  eztnot  is  appued  in  a  simflar 
manner. 

Dyera  usually  give  the  washed  safflower 
several  sucoossive  treatments  with  alkali,  em- 
ploying at  first  weak  and  afiennurds  strong 
alkaline  sohitionB.  The  weak  soHitloiis  give 
tho  brightest  and  purest  tints ;  heiuro  very 
deUoate  oolouxs  were  dyed  with  ih&mi  alone, 
whilst  full  colours  were  first  dyed  with  the 
inferiorextracti*,  And  then  *  topped  'or '  bloomed' 
bv  a  dyeing  iu  the  purer  aolutious.  The  shades 
obtained  from  safiQower  were  at  one  time  con- 
sidered to  be  the  finest  and  most  delicate  which 
a  dyer  could  produce.  On  the  other  hand,  they 
were  not  only  exf>ensivc  but  had  the  disadvan- 
tage of  being  extremely  unstable. 

Safflowsr  if  a  very  weak  dyestuJff,  for  4  ok. 
are  necessary  to  dyo  1  lb.  of  cotton  light  pink, 
8  oz.  fur  a  rose-pink,  and  about  1  lb.  to  produix; 
a  full  crimson* 

It  is  now  rarely,  if  ever,  employed  in  Europe 
as  a  dyestuff,  but  large  quantities  are  still 
cultivated,  more  esj)ecially  in  India,  and 
employed  for  dyeing  and  pigment  manufacture 
in  tho  Bast. 

Oarthamin  was  sold  in  a  more  or  less  pure 
condition  as  a  thin  aqueous  paste,  under  the 
name  of  Safflower  extract  or  Safflower  carmine, 
but  this  product  is  now  difficuTt  to  obtain  in 
Europe.  On  the  other  hand,  ctmsiderable 
quantities  are  still  manufactured  in  Japan, 
where  it  is  veiy  laigely  empbyed  as  a  cosmetic. 
Oarthamin  ground  up  with  starch,  talc,  &c.,  is 
used  as  rouge. 

For  other  icfercncos  v.  Dumas,  Annalen,  27, 
147;  Liobermann,  Ber.  7,  247;  8,  1649; 
INiboreiner,  J.  Pin  s.  ('hem.  26,  260;  Salvctnt, 
Ann.  Chim.  Phys.  m  26,  337 ;  J.  pr.  Chem.  44, 
470 ;  Oufotir,  inn.  Chim.  Fhyi.  48,  283. 

A.  a.  F. 

SAFFLOWER  OIL  (Saffron  oil).  Saflower 

oil  is  obtained  from  the  ^,ee(lH  of  Cnrthninu-^ 
tincloritta  (lAnn.),  a  plant  until  recently  cultivated 
all  over  India  for  the  preparation  of  the  saffron 
dye.  The  cliicr  lo<alitii-s  wJirre  the  pl.int  is 
gruwii  an-  l{<tiL'^iil,  Uyderaliad.  (Jawnpore, 
Bombay,  and  the  Punjab.  Two  distinct 
varieties  of  the  pUnit  are  grown,  Cortiuimm 
tinetoritu  (Lmn.>,  and  Oiftfwamvs  OxyaeotUha 
(Bieb.).  The  cnll i vation  df  llie  plant  has  ftlxi 
been  «>xteiided  to  Egypt,  the  Caucasus,  and 
IHirkestan.  The  seeds  cont.iin  from  30  to  32  p.o. 
of  oil,  but  owing  to  the  thick  huak,  only  17  to 
18  p.c.  of  the  oil  are  obtainable  by  pressing. 
The  press-cake  oontains,  therefore,  a  large 


amount  of  woody  fibre  as  the  following  analysis 
of  a  pressed  cake  shows > 

Per  oeoth 

Albuminoids  .       .  20*11 

Od  ....  11-91 

Steroh,  sugar,  &c.     ,       .  10  83 
Woody  fibre    .       .       .  40-76 
Moisture  ....  11*60 
Ash        ....  4*80 
The  ordinary  Anglo-Americsa  rollsn  have 
been  found  unsuitable  on  aooonnt  of  the  eztfeme 
hardness  of  the  husk. 

The  oil  is  prepared  in  India  on  a  small  scale 
from  two  kinds  of  fruits — the  cultivated  white 
and  glossy  form,  and  the  snuUl  fruit  of  a  mottled 
brown,  grey,  or  white  appearance.  The  oil 
obtained  from  the  cultivattni  variety  by  expres- 
sitm  in  the  cold  is  pale  yellow  ;  jt  has  a" pleasant 
taste  simulating  that  of  sunflower  od,  8o  that  it 
can  be  used  largely  for  edible  purposes.  Goa- 
siderable  quantities  are  pressed  in  India  to- 
gether with  other  seeds,  especially  araohis  nats. 

The  saturated  fatty  acids  oontamed  in 
safflower  oil  consist  of  palinitie  and  bteario 
acids,  the  unsaturated  fatty  acids  cousii»t  of 
oleic  and  linolic  acids,  and  small  quantities  of 
linoleiiic  aeid*  ( JToT the  chamotsristios  SSS  OOCA 
AKu  Tats.) 

Safflower  oil  has  good  drying  powers,  and 
although  it  cannot  replaoe  linseed  oil  in  all  ita 
applications,  it  should  certainly  form  a  sub- 
stitute for  it  in  many  in.'<fanee?i,  and  find  ex- 
tended use  in  the  manufacture  of  soft  soap. 

SafHower  oil  U  heated  by  the  natives  to 
uhtani  an  oil  suitable  for  the  preservation  of 
leather  vessels,  ropes,  Ac,  exposcKi  to  the  action 
of  >vat€r.  A  specimen  of  oil  thus  prepared  had 
the  sDbgr.  0>9634»  the  saponification  value  188*0. 
and  Uke  iodine  value  128-0.  Tt  therefore  repre- 
sents a  kind  of  '  boile<l  oil.'  Tliis  *  boiled  oil.' 
termed  by  the  uativeii  '  rughan,'  is  employed  in 
Lahore,  Delhi,  Bombay,  and  Calcutta  for  the 
manufacture  of  '  a\fri(ri  wax  linoleum.'  It  is 
also  used  by  the  natives  for  drawing  artistic 
designs  on  woven  cloth,  the  production  of  wliieh 
was  considered  for  a  long  time  a  valuable  secret. 
The  pattern  is  made  by  means  of  finely  pointed 
staves  dipped  in  the  *  rochan,*  which  drawn 
in  very  hne  threads,  and  so  deposited  on  the 
cloth.  When  completely  dry,  it  forms  an 
indelible  pattern. 

Considerable  quantities  of  safflower  oil  are 
used  as  a  bnraing  oil,  notably  in  fi^gypt 

J.  L. 

SAFFRON  consists  of  the  dried  petals  of 

the  C'n>cu.'<  «//(ri**  (Linn.),  a  plant  whicli  flowers 
in  September  and  October, and  is  distinct  from  tho 
ordinary  spring  crocus  [CVoeiis««r»iM(AU.)].  Itis 
a  native  of  tho  East,  but  is  cultivated  in  Spain, 
the  South  of  France,  and  Austria,  aud  is  em- 
ploy (h1  for  flavouring  purposes,  for  the  staining 
nf  ariii  le.4  of  diet,  and  to  a  very  limited  extent 
lid  li  dycatull.  Saffron  contains  tho  aromatic 
oil  known  as  mffron  oil,  pierocrocin,  a  bitter 
compound,  and  crocin  or  pUychroU,  tho  gluooside 
of  the  colouring  matter  crocetin. 

Crocin  Ci4}{yaOfn  forms  a  yellowish -Tiro wn 
amorphou.s  p<nvder.  readily  soluble  in  water  and 
dilute  alcohol,  and  dissolves  in  sulphuric  add 
with  a  drei)  l»hie  colouration  which,  on  standing, 
becomes  violet,  then  red,  aud  finally  brown. 

When  digested  with  hot  dilute  nydrochlorio 
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or  Btilphuric  ucids  crocin  is  hydrolys&d  into 
orooetin  and  glucose,  a  reaction  which,  according 
to  Kayscr  (Ber.  17,  2228),  proceodB  as  foIlo>VB  : 
2C„H„0„+7H,0=C„Tl4,0,+9C,H„0.. 
Crocctin  consists  of  ft  rrd  amorphouB  powder, 
readily  soluble  in  alcohol  and  aoluole  in  alkaline 
•ointions  with  an  <n«ig»-md  ooloor.  'With  lead 
v'tafp  it  giTCS  a  n'd  precipitate,  and  with 
bulphuric  acid  a  deep  blue-coIourc<l  solution. 
Eayser  assigned  the  formula  C,4M|,0,  to 
crocctin,  but  nccordinp  to  \Vic8«  (J.  pr.  Chiom. 
101,  05)  this  is  more  probably  C,,1I,»0,. 
Again,  S<;hunck  and  Marchlewski  (Annalen,  278, 
867)  find  thAt  KajMr'a  Mialytk»l  figures  htv  m 
sgiMmentvHIiftiimdbriinpmfbnniila  jH^oO^. 

Crocctin  dycjs  aluminium  and  tin  inonlantcd 
fabrics,  respectively,  dull  orange  and  yellow 


I 


According  to  Rochleder,  the  Chinese  dyestufP 
•  Wongsky  '  {q.v.),  which  consists  of  the  fruit  ^Nn.-,  „  ^ 

of  the  Gardenia  gmndifloM  (Lonr.),  also  contains  I  C^4^2j>CtHg»l*HtO 
crocin  (J.  1858,  475).  A.  Q.  P. 

SAFFRON  OIL  v.  Safflowib  on* 

SAFFRON  SURROGATE  v.  V: r  i  j  i  a  v  icr JX)W. 

SAFBAMINES  and  a|K>-SAFfiANINES  v. 
AnvBs  Alto  ooLoimiwo  MAvnas  bxbivbd 

SAFRANINONES.  Safranimme, 


They  form  valuable  subetanccs  for  UlO 
preparation  of  red  sulphur  dyes. 

The  product  of  reaction  of  molecular  pro- 
portions of  an  aldehyde  bisulphite  and  m> 
tolylenediamine  is  mixed  \nth  an  alkaline  8olu> 
tion  of  nifcrotophonol,  and  after  makii^  slightly 
acid  and  stiniiiff  fbr  a  few  hoars,  the  miatmre  » 
made  slightly  alknlino  and  oxidised  with  innr  iza- 
nese  dioxide.  When  formaldehyde  bisulphite 
is  used  Hie  aateainone 

N-CH,SO,Xa 
V«^f"t::^:N- C.lIjMe  NH, 
is  formed. 

Sulphide  dycstufis  which  dye  cotton  reddish 
shades  WW  obtained  by  heating  these  safraninoncs 

with  sodium  sulphide  and  sulphur,  with  or 
without  addition  of  metallio  salts  (Eog.  Pat. 
24008,  1906). 


«  C«H4^g>C,H,  0H  NH 
C***  J 


iAmlhtobeimUndom)  may  be  prepared  by  oxidis> 

ing  a  mixture  of  molecular  projKirti  n  nf  p. 
phcnylene  diamine  and  »i-hydroxA-  (iiplienyl- 
amino  with  potassium  dichromate  ( Jaubert,  Bcr. 
1895,  28,  270) ;  by  heating  phenosafranine 
hvdrochloride  with  aqueous  sodium  acetate  at 
150**  (Fischer  and  Hepn,  Ber.  1897,  30,  3!»9) ; 
by  heating  safranol  with  ammonia  at  180",  and 
hi  oUier  ways  (Jaubert,  l.c.).  It  fbrms  prisns 
with  bluish-prixn  lujstre,  rea<iily  soluble  in  water 
with  a  red  colour  and  brownish^yellow  fluor- 
escenee.  When  heated  with  ammonia  at  180**  it 
forms  a  little  phenosnfranine,  and  ^vh^•n  Vw-iilcd 
with  alkalis  it  yields  safranol  and  ammonia. 
Safraninone  forms  a  blue  diazo-  compound, 
which  condenses  with  iS-naphthol  giving  a  blue 
colouring  matter.  The  aceiyl  derivative  of 
8«frflnin(>ne  forms  fine,  red  needles,  with  eopper- 
like  lustre,  and  melting  above  280*.  Safraniuone 
)^B0  eondeasM  with  ddehyde,  and  w^lien  heated 
with  stdphnr  and  alkali  sulphitb's,  it  forms  a 
violet  cotton  dye  (D.  R.  P.  126175;  Giem. 
Zentr.  1901.  ii.  1108).'  The  hydxoohlonda  of 
tha  dimethyl  derivatitx 

0 :  C  A<OTh>C*=»^«'^<^ 
is  a  brownish  crystalline  powder,  readily  sohihle 
in  water  (Joubert,  Lc). 

SifiaidiiOBes  eontaining  aliphatic  ^Touns  an 
very  readily  prepared  by  the  furfli<  r  oxiaation 
of  the  indophcnols  obtained  tjther  by  tondenping 
the  nitrosophcnols  with  the  4-alkylt<)lylene-2  :  4- 
J  or  by  oxidising  a  mixture  of  these 
haeea  with  the  f-aminopheiiols,  A  number  of 
these  aafkaniooncs 

hava  heen  desodbed  (D.  B.  P.  189078). 


is  obtained  by  the  aotioii  of  aulphnrie  add  on 

pheno-iiio-safranine. 

The  violet-brov^n  cli^^tening  necdke  of  the 
MO'Safraninone  chloride  obtained  on  adding 
sodinm chloride  is  purified  and  it»  aqueous  8olu> 
I  tion  is  treate<i  with  ammonia  or  ammonium 
carbonate  when  the  t«o-8afi%ninone  separates  as 
blackish-brown  needles^  m.p.  3I<P-Sl5*(deoom|>.) 
readily  soluble  in  hot  w  ater  and  in  alcohol  with 
a  green  colour  (Kehrmann  and  Kramer,  Ber. 
1900,  33.  3074). 

SAFRAOTSOL,  SAFRANOLS  r.  Azrs'KS. 

SAFRANONE  { Benzol indonc,  Aposahanom) 

'  0  :  CgH,<^jjpj^>C,H4  lA  prepared  by  treating 

the  fenrfe  «Moride  doahfo  salt  of  phenylphenaao- 

j  nium  chloride  with  excegg  of  sodium  hydroxide 
(Kehrmann  and  ScUaposchnikoff,  Ber.  1897,  30, 
2623).  It  may  also  be  obtained  by  treating 
nnilinrmposafranine  with  barium  hydroxide  at 
140'-  (i<  lecher  and  Hepp,  Annalen.  1895,  287, 

■  193),  or  aposafranino  hydrochloride  with  sodium 
b3'drozide  (Kehrmann,  Ber.  1895,  28,  1716); 
by  removing  the  amino-  group  from  safraninone 

j  or  by  heatinj:  azo-safranine  with  75  j).c.  sulphuric 
acid  (Jaubert,  Bcr.  1895,  28,  275),  and  by  other 

!  methods  (Ibhrmann  and  Burgin,  AML  1896,  29, 
1819). 

Safranone  forma  small  browii  needles  with 
a  green  metalBo  lustre,  m.p.  248*-248%  and 
dist-olvcs  with  a  magenta  colour  in  water,  and 
with  a  green  colour  in  sulphuric  acid,  which  turns 
to  rose  colour  on  dilution. 

When  treated  with  phosphorus  o:Qxhlondo 
it  yields  dilorophi  n\Iphenssoiuiim  diloride 
(Fischer  and  Hep]).  H.  r.  IRf)7,  30.  1827;  tWtf. 
1898,  31,  299).  Aec<jrding  to  Fischer  and 
Romer  {ibid.  1907,  40,  3400)  the  amino-  group 
may  be  intro<lueed  by  means  of  hy<lroxTlnmiru', 
only  into  sneh  safranones  as  have  both  the  ortho- 
position,  with  rpspect  to  the  oxygen  atom,  free. 

Uydroxysajranonc  or  safranol 

0!C.H.-i^>C,H,OH 
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may  i>o  prepared  by  heating  an  aqueous  solution 
of  nitvmophenol  with  tneia-hydroxydiphen^* 
amine  ami  Hodium  hydroxitlr  (Hfuitt,  Newman 
and  Winrnill,  Chcm."  S(jc.  Trau.-*.  iy09,  680),  or 
by  oxi<ii.sing  a  luixturo  of  p-amino  phenol  and 
meto>hydioxyphenylaaijn«  in  preaenoe  of  minenJ 
Mid  (Janbint,  l.c),  and  by  other  methodB 
(Fisclu  r  and  Ht  pp.  B^-r.  1805.  2S.  22S3  ;  il!d. 
189(>,  2d.  361  ;  ibtd.  liM)5,  38.  3435).  It  is  a 
cr>n8talline  substance,  m.p.  above  330*»  alnxwt 
insoluble  in  mui^t  (wdiiHuy  aolvvatay  bal  ratdjly 
soluble  in  alkali.-^. 

The  ethyl  (m.p.  266*  dec*>mp.)  and  mrtkyl 
ethers  (m.p.  240**)  (Fischer  and  Hepp.  Anoalon. 
189.5,  2ft6.  2! 2),  tho  acHyl  (m.p.  271*)  Hewitt. 

<1 .  if!  !  nnphiho  (\m\a.\.'\\i-s 


drmcy  benzene  (Pobck,  Bex.  22,  2861),  ha«  the 


(Jaubcrt,  Bex.  i6W,  31,  lid5),  have  been  jpro- 
paied.  WhenliMtedirilAiaidp^raiidMiMlEftli 

sulphide,  safranol  forms  a  bluish-violet  cotton 
dye  (D.  R.  P.  120175 ;  Chem.  Zentr.  1901,  ii. 
1107). 

Halogen  (Fischer  an.l  Hopp,  Ber.  IWO.  33, 
1486)  and  other  derivatives  of  safrauunc  have 
been  prepannl  (Kehrniami.  ihid.  1895.  28,  1712  : 
Fiaoher  and  Uepp.  ibid.  2287 ;  Kehrmann  and 
FQhner.  Annalen,  1890,  290.  301;  Kfthrmann 
and  Buret,  Ber.  1898,  31.  2437;  FlMdwr  Mid 
Uopp.  Chem.  Zentr.  1002.  ii.  003). 

MFROLB  (ufnl,  OUkimoIe)  C,„H,„0,  (St. 
Evre,  Ann.  Chim.  Phys.  [iii.]  12.  107  ;  Orimmix 
and  Knotte,  Compt.  rend.  68,  is  coiitdiiied  in 
camphor  oil,  a  waste  prtxluct  of  camphor  dis- 
tillation, and  fi;ive8  to  it  its  charactehtitic  odour 
(Chemist  ft  Druggist,  40,  592).  Safrole  is  the 
essential  constituent  of  oil  ai  -;afrft.s  (from 
SoMofraa  oj^inaU  (Nees)  IJjaurus  Satm/w 
(Lfaui.)]),  of  whieh  it  lormt  78  p.o.  (Power  and 
KleVjer.  Pharm.  Review,  IROH);  it  al«o  ocnirs 
in  many  other  plant. h  of  the  order  Laur'irmf, 
in  the  ^eiUial  oil  of  Illirium  rdigio»um  (Siel). 
ot  Zucc.)  (Fliickiger,  J.  Pharm.  Chim.  [iii.l  IT. 
989 ;  Eijkman,  Rec.  irav.  chim.  i,  32).  in 
massoybarkoil  (Woy,  Arch.  Pharm.  [iii.]  28.22). 
and  in  oil  of  <7itiiiaiiMMiifM»  te^ntcum  (Noes)  ' 
(l)tiyk,  J.  PhMm.  d'JkuTeES,  1886,  April;  «ee 
also  Ghmlding;  Chem.  Soc.  Trans.  1903,  | 
1099).  1 

Safrole  is  obtained  from  '  red-oil  *  (a  product 
of  frai'tionatinfj  ramphor  oil.  contnini'ir;  20  p.c.  I 
of  miirole),  or  from  oil  of  Bascialraa.  by  frcez*  i 
ing  it  out;  and  ia  purified  by  leorjnitaUiM- ; 
tioo. 

At  ordinary  temperaturee  it  is  a  clear,  colour- 

loss  oil,  havincr  an  odour  of  sa-«5.»fras  and  a 
sharp  taste.  Cooled  to  —20°  it  soUdificM  in 
rhombio  priema  (ratio  of  aaee;  a:hte^ 
0-31658:  1  : 0-67832,  ^=^111"  59'-.^.  Armmi.  N. 
Rop.  Pharm.  2.^i.  61.5):  la.p.  12°  (8univaina, 
J.Soc.Chem.  Inrl.  l!K>2.  1551),  8-5''-10'* (Arzruni). 
8°  (Schiff,  B<«r.  17.  1935);  b.p.  230'-235'' 
(Sugiyama),  232*  (Schiff);  sp.gr.  M07  at  16°; 
impure  commercial  safoole  bu  •p.gr.  I'KMO- 
1*1066  (Sugiyama). 

Sabole  in  used  in  soaps  to  cover  the  odour  of 
the  fatty  ha^i?.  and  has  lie<n  infruthici  d  into  j 
America.utuii  r  t  hpname  of  oifmine,  hs  an  art  illf^ial  ' 
oil  of  sajmfr'i^. 

Sa^Ie  CH,0,  :  CJfj-CsHj  can  exist  in  f  ur 
isomerio  forms,  ail  of  which  are  known;  tiui 
I  omiiK  n  ial  pfoduot  'A  »  mixture  o(  two  or  more 
of  these.  i 

UMib,  the  metkylene  etfer  of  nUyldihy^ 


This  is  confirmed  by  the  moleoolar  refraction 
78*11  and  the  molecular  dispersion  7*14,  which 
agree  well  with  the  calculated  values  (Briihl, 
H<  r.  21.  467;  Gladstone,  Chem.  floo.  Tmns. 
1891,  296);  by  it«  sj-ntfaeeis  from  roa^pMshun 
methyl  iodide  and  piperonal.  via  ethyl  pperonvl 
alcohol  (Bfanuli,  Atti.  R.  Accad.  I.incei.  1!*04.  13. 
ii.  316) ;  and  by  its  behaviour  on  oxidation  with 
potassium  permanganate,  ft  \\  pi.e.  solatioQ  of 
whic-li  at  "iff  80°  oxidises  it  to  meUiylem-S :  4* 
dj  hydroxy  bcnzylglycol 

CHjOj :  C,H,*CH,*CH(OH)  CH,  OH, 

orystalliaing  from  bencene  in  white  needles, 

ra.p.  82°-83°.  With  .stronger  solulioim  of 
KMn04  it  gives  piperonal,  piperonic  acid,  and 
a-homopiperonic  acid  (Ticmann,  Ber.  24.  2879  ; 
Polcck,  ibid.  19,  1094 ;  Ciamician  and  Silbcr. 
ibid.  23,  1159).  Both  safrole  and  i^o-safrole  are 
retlucod  by  Sabatier  and  Sendcren's  method  to 
m-propyl-phenol,  bnt  not  quantitatively  (Hea> 
nod.  Chem.  WeeicbbKl,  1907,  4,  630). 

When  safrole  i.s  freat<'d  with  an  a]r<iholio 
solution  of  mercuric  acetate  a  mtrewriaceit^ 
(  'H,0, :  C,H,  C,H,(OH)-Hg*OAo  is  formed 
which,  will)  sodinm  chlori<u-,  pives  the  vurrvri- 
chloride  CH _,(),:  (  V,H3  CjH,(0H)-Hga.  a  while 
crystalline  powder.  in.4oluble  in  water,  decom- 
posing at  170*.  and  reduced  to  safrole  bv  Zn 
ftud  NaOH  (Balbiano  and  Pftolmi,  Ber.  1903, 
31).  3575).  The  action  of  mercuric  acetate  on 
safrole  in  presence  of  water  gives  a  glycol 
CHjO,  C,H,CH(OH)-CH(OH)  CH, ;  this  wlcn 
treated  with  zinc  chloride  ^'ives  an  aldehvde 
CH,0,C,Hj('H,CH,CHO  m  a  pale-yeliow 
liquid,  b.p.  145°-18(r  at  22  mm.  ;  itn  oxime 
forms  white  lamina*,  m.p.  158°  (Bii]l)irtno  and 
Paolini,  Mem.  R.  Accad.  Liiicci,  1905,  [v.]  6, 
615). 

Safrole  is  not  acted  upon  \xs  nitroflyl  ohknde, 
as  is  M04slToIe  (Ttlden  and  fbnrtcr,  CShem. 
Sof  .  Trans.  1894,  334).  and  it  does  not  form  a 
picrato  (Bruni  and  Tomani,  Atti.  R.  Accad. 
Linoei,  1904,  [▼.]  IS,  ii.  184). 

SafttiU  omie  CH,0« :  CtH»'CH,-CH — CH^ 

is  prepared  by  oxidising  safrole  with  iodine  and 
vello\^'  niercnric  oxide  in  \M  t  ether  {see  Foumeau 
and  TilEoocau,  Compt.  rend.  1906^  140,  1596). 
It  is  ft  liiioid,  b.p.  160M66>  at  15  mm. ;  partially 

decomposed  on  hentinjr,  yielding  methylene 
clioxvdilivdrociiniamaldehi'do  (F.  and  T.  ibid. 
1905".  141.  (i<>2) 

Bromo-  derivatives  of  safrole;  the  ^olIo^^it^g 
have  been  described  by  Wov  (Arch.  Pliarm.  131 
28,  22) : 

('H,0, :  C.Hj-CHg-CHBriaitBr,  li<ioid,  b.p. 

215°/22  mm. ; 

CH,0, :  C«H,BrCH,-CHBr-C0,Br,  fibrous 

erv.'jtal!*.  m.p.  54° ; 

(  H,0. :  C,HgBr  CHj  C  H  :  CH„  Uquid,  Up. 


I8,5"-190"/I8  mm. ; 

(  •H,0, :  C,H,  CHBr  (  'HBrCJHtBr, 
tabular  crystals,  m.p.  87°  ; 

CUjO^ :  C«HBrt-CHBrCHBr'OH,Br, 
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I  101) ;  (3)  by  heating  safrole  with  a  solution  of 
I  sodium  amyloxido  in  nmyl  alcohol  ai  260* 

i  (QasBm&iui,  CompL  rend.  124,  38). 

I  That  Mo-safrole  has  the  above  oonatitutton 
ia  shown  (1)  by  its  pcodnotkn  oa  heating 
methyleoetiMnaooaffeio  moid  (Hooien,  Compt. 
rend.  1896,  122,  792) ;  (2)  by  its  production  from 
0-piperoayl>«-methyl  aorylio  acid  by  loss  of 
CO,  (WaOiieh,  Annakn,  1907,  387.  72) ;  (3)  by 
its  behaviour  on  oxidation.  Mercuric  acetate 
oxidises  it  to  the  p?yco/,  CH,0,:  C,H,-C,H,(OH)„ 
m.p.  101M02'  (Balbiano  and  Paolini,  Ber.  1903, 
3r>,  3575) ;  it  in  oxidised  by  ozone  to  pifKTonal 
(Otto.  Ann.  Giini.  Vhyn.  1898,  [viii.]  13,  77). 

i.vo-.SafroIt'  t'xists  in  two  st«'m)isomorif  forms 
which  can  bo  partial^  aepaiated  by  fractional 
distiOation: 

a-'is(  <S(ifroh:  isobtniru  rl  by  steam  distillntion 
of  the  tir>t  fnictions,  from  which  the  safrole  has 
been  removed  by  mtrourio  acetate.  Tlw  ^-MO* 
safrole  ia  find  a«  (he  pkmte  and  doe*  not  oome 
over. 

The  o-  compound  ha<;  b  p.  116-2M16«3*  et 
13-5  mm..  242-2*>-242-5<'  at  760  nun.,  ep-gr. 
1  1073  at  18-5*,      1-5678  at  18'. 

04ao8afr6U  is  the  chief   eonstitnent  of 

commrrciai  tw-safroJr  and  is  most  na.nily  isolated 
lis  the  picmt4?.  m.p.  74*  (c/.  Bnmi  uiid  Tuniani, 
Atti.  R.  Accad.  iJnoei,  1904,  [v.]  13,  ii.  184). 
I  Tbis,   when  decomposed   by  alcoholic  NH,. 
I  yields  ^-Mo-safrole  as  an  oil,  b.p.  123"  at  11 '6 
I  mm.,  Bp.gr.  1-I2S7  at  21V17'6^,     1*6786  at  18*. 

,       B<»<h  isdinr rides  yield  the  same  glycol  and  the 
same  dibromide  (Hoering  and  Bauro.  Ber.  1909, 
I  42,  3076).    By  boiling  Mo-safrole  with  a  mixture 
I  of   Pri,  anff  PCTl,  dt-iso-aafrole   is  ol)tain*»d 
'  (  Anu'<  li  and  Mola,  Chem.  Soc.  Abstr.  18!t5,  i.  24). 
Bv  heating  Mo-safrole  hydrochloride  with 
CU,bNa.  CH^ONa,  or  CtH,bN»  the  following 
i  derivatives  are  obtained  : — 

I       M'  fhor<i  fh  rlrnCir.  ,  b.p.  110*-112*  at  5  BUtt.  ; 

j  sp.gr.  1  11  Itlat  io*';       1-51619  at  15»  ; 

Ethoxy  derivalitief  b.p.  liC-l  1 1°  at  3-6  mm. ; 
sikgr.  1-0706  at  18* ;      1*80684  at  18*. 

AmyJori/  derivative,  b.p.  136*-137*  at  13-5 

mm.  ;  .np.L'r.  1  0258  at  15°;  n  ^  1-49775  at  15** 

(.Schimmel  &  Co.  Chem.  Soc.  Ab.str.  llLK)o,  i. 
537).    (For  methods  of  distinguishing  between 


Cafit  i  O^B*OH,-GH  CH, 

ia  praparod  by  slowly  adding  dilute  acid  to 
Kin)«  flolntion  eovered  with  a  solution  of  safrole 
in  light  petroleum  (Angeli  and  Rimirii,  Qazz. 
chim.  ital.  1895,  25,  ii.  18^).  It  is  a  yoUow 
powder,  m.p.  130*.  with  deoompontion. 
Snf roU-h- nitrostte 

CU.O, :  C^,-CH,-Cfl(NO,)-CH  :  NOH 
is  prepared  by  boiUng  the  a*nitroeite  with  aleohol 

ur  alcoholie  KOH.  It  is  soluble  in  alkalis  anfi 
has  m.p.  02*  (Angeli,  Gazz.  chim.  ital.  23,  ii. 
101);   ooovertedoy  boiling  dilute  sulphuric 

aci<l  into  hydroxylaminc  and  ju'fropiperorn/l- 
acttont  CH,0,:C,H,-CH,  C0  ('H3vN0j  cry&tiii- 
lising  in  colourless  scales,  m.p.  86*,  from  which, 
by  bulling  with  NHjOH-Ha  and  a  little  alkali, 
sairolc  /j-nitrosite  is  regenerated  (Aneeli  and 
Rimini,  Gazz.  chim.  ital.  18i)5.  i2o.  ii.  iss). 

Dikudnaafrde  CH.O, :  U,E,  CH,  CH,-CH,. 
3t  4-BMWiytanedioxy-l-propyloomsene,  is  pre- 
pared by  th>-  revlnction  of  safrole  or  mo  safrole 
with  sodium  anrl  alcohol.  It  is  a  colourless 
liquid,  b.p.  228°,  mlsciblo  vnth  alcohol,  ether, 
benzene,  and  a<  li"  ncid.  It  pives  a  methyl 
other  boiling  at  212^-213°  (conr.)  (Ciamiciau  and 
Silber.  Ber.  23,  1169). 

NiirodihydrwrifroU 

CH,0, :  C,H,(NO,)  CH,-CHa-CH^ 

6<mtro>3:4*meth7lenedioxy-I-propyIbensene  ob- 
tained hy  adding  45  ]).e.  HNO,  to  an  acetic 
acid  solution  of  dihydrosafrole,  ia  a  yellow 
orystalline  solid,  m.p.  36*  (Thome  and  BUts, 
Arch.  Pharm.  1904.  242,  85). 

A minodihydrrnHi Jroie,  ti-aiJiino-3  :  4-methyl- 
enedioxy-l-piopylbenxene,  is  obtained  by  reduc- 
ing thi'  above  oompomd  with  aluminium  amal- 
gam. It  is  an  unstable  substance,  m.p.  24*,  b.p. 
156*  at  11-6  mm. ;  it.s  hi/drtM'hlon'J':  iiu  Us  and 
deoompoeea  above  200* ;  its  ac&lyl  derivative  haa 
171*8* ;  ita  benxoyl  derivative  has  m.p.  161*. 

DiniiriAth  ifdromfroU, 

CH,0, :  C,H(N0j),  CH,-CH2  rH;,. 
2;ti-tUuitru-3:4-methylenedioxy-I-prupylb«uxcnc, 
prepared  by  the  action  of  fuming  HXO,  at 

20*  on  nitrodihydrosafrole,  is  yellow,  and  melts  .  safrole  and  iiMatole,  eu  Ghaproan,  Analyst, 


at  121*  (v.  Thorns  and  nit«»  Aieh.  Pbarm. 

1904.  242.  H5). 

DiamirwdihydrosH frok 

CH,0, :  C^(NH,),  CH,  CH,-CH, 

is  obtained  by  the  action  of  aluminium  amalgam 
on  the  prewling  comjx)und.  It  has  m.p.  72* ; 
the  moHohydrochloride  has  m.p.  246*  with  decom- 
position ;  benzoyl  derivative  melts  at  248*. 

Nitroamifujdihifdroeafrole  (NH, :  N0,=2 : 6), 
prepare<l  by  the  action  of  ammonium  enlphide 
on  the  dit)itio«oompound,melte  at  76*5* (llioma 
and  Blitz). 

CH,0,  t  CAHtOH :  CH-CH, 
is  the  methylene  ether  of  propeni^ihifdroxf/- 
bensene  (Balbiano  and  Faolini.  Ber.  1902,  ,35, 

21»tf4).  Tt  ..M  lined:  (1)  by  In-ilin^  .safrole 
with  alcoholic  KOli  ((.'iamician  and  SUIht,  Ber. 
23,  1189) :  (2)  by  heating  safrole  to  200*  with 
dry  MaOiSt  (Angeli,  Qazs.  chim,  ital.  28,  ii. 


1900,  25.  813). 
woSa/hk  om&CH,Ot:C«Ha  CH — CH-CH, 

i.s  formed  by  the  oxidation  of  iVo-safrole  with 
iodine  and  mercuric  oxide  in  alcohol  (Bougault, 
Compt.  rend.  1900.  130.  1766:  Bull.  Soc.  chim. 

1901,  [iii.]  25.  444).  It  is  a  liquid,  b.p.  140*-142* 
at  9  mm.  (Hocring.  Rt.  1905,  38.  2296) ;  sp.gr. 
1-2128  at  17*  (Ber.  1905.  38.  3477;  D.  R.  P. 
174496). 

Nitro-i-*nMfr()le  oxide 

CU.Oj  :  C,I1,(N0,)-CH — (.  H-CH, 

obtained  by  hy<lroly.'<i«  of  /3-br(Hnonitro-a- 
aoetoxydihydro-i^D-aafrole  (v.  injra)t  has  m.p. 
113*-1'14* 

Bromo-UiMtafnXe  oxide,  b.p.  160^-173*,  at 
11  mm. ;  aitd 

Dibromo-laoeaifoU  weidef  m.p.  ]d4*'I35*,  axe 
'  pnepaied  in  an  analogoDa  manner. 
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Vfbm  IImm  ozidet  «re  distilled  at  the 
ordinary  pressure  or  warmed  with  dilute  acid 
they  are  converted  into  the  isoimrio  ketorua: 
CHjOj  :  C^Ha-C'Hj-CO  Cil J,  b.p.  283°-284°,  8p.gr. 
1-2017  at  17";  CH,0,  :  C^,Br-CH,-CO-CH,. 
m.p.  103» ;  CHjO, :  CgHBr.  CH.-CO  CH,,  m.p. 
1I6M17**  (Hoonng.  I.e.). 
iaoSafroie  dibromidc 

CHjO, :  C,H,-UHBr  CUBr  CIf, 
is  obtained  by  the  action  of  bromine  water  on 
j^o-safrole.  Warmi-fl  with  pninul;it«d  marble  in 
moist  acetone  it  yields  the  hydroxy  brumide 
CH,0, :  C,H,  CH(OH)  CHBr  CH„  which  with 
dooholio  KQU  siveB  the  oxide  (Hoeting.  D.  B.  P. 
174496).        "      '  ♦ 

Dibromo-\aosafr6U  dibromide 

CHgOj :  C.HBfj  CHBr  CHBrCH, 


in  yefloir  needles,  m.p.  98»  (W.  and  M. ;  cf. 

Angcli  and  I? i mini,  Gazz.  chim.  ital.  \Sm,  2t5. 
!.  7).  Treated  with  hvdroxylainme, hydrochloric 
ac-id  and  sodium  carbonate  in  aleoliol  it  yicldf 
pijpuwuMkmfHe,  m,f.  IIP. 


^•Safrole 


'\p  '  CH3 
^^^CH,(i-^.alIyl- 

3:  4-cat«chol-mf  thv!  no  ether)  is  obtained  by 
the  action  of  magiit.^iuin  methyl  iodide  on  methyl 
pi|KT()nylato  as  a  cok)UrIeaa  liquid,  8p.gr.  1*13M 
at  0°i  1-1198  at  15";  b.p.  135°  at  20  mm., 
233«-28»»  »t  760  mm. ;      1  5619  at  16*.  On 

reduction  it    yields  I'iaopropyl-i  i  * 

mdhyhne   fthcr.   and  on  oxidatMHL 
aceUme.    It  loriUii  au  iodohydrin, 

CH,0, :  C,H,-C(CH,){OH)-CH,I, 


is  prepared  by  dropping  t>o-tiafrolo  quicldv  into  1 

broniiiif.  It  is  reduced  by  xino-dasfc  to  diSromo-  '  which,  when  treated  with  KOH.fonman  ««lttleiM 
isoM/roie.  orycit»Uiung  in  needlM,  ni.p.  14SP~  \  oxide,  b.p.  160*-I55«  at  16  ram.  (Behal  and 


160'*. 

Similarl}'  l"-  >  >  ]  iomfrole,  m.p.  SO'-SS",  b.p, 
IGfi^-lJO**  at  16  mm.,  cao  bo  obtained  from 

Trihroiru>-\-^omfroh-a$-dibroynide  (iVo^safrole 
pentabromide)  CH,Uj  :  C.Br.-CHBr-CHBr-CHa 
obtained  bjr  dro|>ping  ««oeafn>le  into  excess  of 
brnmino,  cryst  '.lliscs  in  cluflterv  of  Ooloorlese 
crystals,  m.p.  lyt)  a°-107*. 

Tribromo-iioMfrdt 

CH,0,  :  C,Br,  CH  :  CH  CH, 

is  produced  by  rcduciiu(  the  preceding  compound 
with  siDO^nst  in  aloobol;   n.p.  11<K-111* 

Reduced  with  HI  it  yields  tr^'f^r^rvodihydroA-n)- 
aafrok.  Heated  with"  alooholio  K.OH  at  146**- 
160"  for  6-6  hotzrs  it  gives  the  akccegmMij^  ether 
of  tribromopropyl^ne  catechol 

C,H40  CH,  0  C,Brj(0H)-CH :  CH-CH,, 

m.p.  Oe'-dQ"  (Hoering,  Ber.  1907,  40,  1096). 

;3  •  Bromon  ilro-a-(ic>:lor  ydihydro'iaoaafrole  is 
obtained  by  the  action  of  nitrio  a«id  on  mo- 
■afrole  dibromide  in  alooholio  eolation,  in  jreUow 

prismatic  needles,  in. p.  113*  (Hoering,  Ber.  1906, 
38,    3458).  fi-Bromoniiro-a-Tnethoxydihydro-iso 


Tiffeneau,  Bull.  Soc.  ohim.  1908,  [iv.]  3,  729). 

CH,0, :  C^,-CBfo(aH)<M,a 

prepared  by  tho  action  of  moist  chloii&e  on  ^* 
safrolo.  is  h  yellow  coloured  oil.  By  treatment 
with  PCI,  and  subsequent  hydrolysis  it  is  con- 
verted into  dihydroxyphenyl'^-allyl  cftlorohydrin 
C,H3(0H),-CMe(0H)-(;HjCl,  a  thin  oil  fTT>m 

■1  'M::dlt 


wLich  a-methyl  adrenalin  is  obtained  as 


golden-yellow  powder  (Bottchear,  Ber.  1909,  42, 
253). 

SAFROSINE  V.  PkihaUxru,  art  TBIPmom- 

METHANE  COLOUBINO  MaTTEBS. 

SAGAPENUN  v.  Um  kksois. 

SAGE  CAMPHOR  r.  CAMPnnRS. 
SAGE  OIL  V.  Uii-s,  tssENTiAU 
SAGO.  A  product  oonsisting  mainly  of 
starch,  prepared  from  the  pith  of  certain  palms. 
MetroaryUm  laeve  (Mart.),  M.  Bumphii  {MArt.), 
and  Haphia  pedunciilala  (Boa v.)  or  Metroxyton 
8agu  (Bottb.)  yield  the  true  sago,  though  the 
name  is  given  to  products  deritrad  from  other 
palms,  I .().  thf  Indian  palm.  Cnryota  ttreM 
(hum.).    Large  quantities  of  sago  are  obtained 


tafrole  is  similarly  obtained  as  an  oU,  b.p.  166*-  [  from  the  Malacca  and  Pbilippme  Uands  and 


ino°at  1 1  mm.,  and  I5S*-164*at  8  moiu(Ho«nng, 

tbul.  ima,  38,  34G4). 

MethoxydUyromo-inoMjrde 

CH,0,  :  C„HjBr-CH(OMo)  CHBr-CH3 

is  produced  by  the  action  of  MeOH  on  bromo- 
•M-eafrolo  dibromide ;  fonaa  needles  or  prisms, 
m.p.  TH'-Te*.  The  corrcsponduag  etiiyl  rom- 
pound  forms  large  rhomobohedra,  m.p.  68'-60** 
(Pond,  Erb  and  Ford,  J.  Amcr.  (Jhem.  Soc. 

1902.  24.  327  ;  «eealao  Fond  and  Sieved,  ibid. 

1903.  25,  262). 

Dibronio-isomtfiviU  dkMorid*  C^o^s^i^t^t* 
m.p.  97*-99*. 

Trtbromty-inosafrole  diMoride 

0,oH,OiCl|Brj, 
m.p.  173-5*-174*6*  (Hoering  and  Baum,  Ber. 
1908,  41,  1914). 

isoSnfroIr  lu'tro^Ut  r',,,Tr,(,Nj04,  produced  by 
the  action  of  nitrotis  aci<l  on  iaosafrde,  forms 
ooloarlett  needl.-s,  m.p.  132*  (Angeli,  Ber.  24, 
3994);  m.p.  128"  (W  iIL.ch.  imd  Mini-  r.  Aniialen, 
im,  332,  305).  VVarnuMi  w,lh  ;uvi\  l  *«kloridc, 
sodium  mcthoxide,  or  air  olmlir  KOII  it  yicld.s 
^-niCro-iaoM/rofo  CHgOg ;  C«H.-Cii :  qNO^-CH, 


New  Guinea.  Tho  sago  palma  prow  best  in 
boggy  soils,  rich  in  humu£,  and  each  tree  yields 
about  600  lb.  of  staroh  (Dafaoee,  BmgL  poly.  J. 
1892.  286,  213). 

The  palms  are  out  down  when  the  trunks 
have  attained  a  height  of  almut  20  ft.  and  a 
diameter  of  20  ins.,  and  the  sap  allowed  to  drain 
away ;  they  are  sawn  into  lengths  of  6-8  ft,,  split 
open,  and  the  ])ith,  eonsisting  of  starch  granules 
intermixed  with  tibrous  matter,  removed.  Thiai 
is  then  pounded  in  wooden  mortars  and  agitated 
with  water.  The  milky  liquid  is  then  run  through 
sieves  to  remove  fibre  and  cellular  matter  and 
allowed  to  .srttle.  'llie  .-sediment  iy  repeatedly 
washed  with  water,  drained  and  dried.  It 
oonstittttea  ssfoflour, and  »  exported  to  Boiope 
in  that  form,  for  the  mnnufnetur^  of  gboOM 
aad  iur  ukc  iu  th«  textile  indnstries.  ^ 

A  sample  examined  Lv  Balland  (J.  Pharro. 
diim.  1903, 17.476)gavethefoJk>winganalytioal 
figures — 


Water 

121 


Profein 

21 


Vst 

0-2 


Standi 
80-4 


Cmde  fibre 
4-0 


Ash 

1-2 


Samples  of  sago  flour,  as  imported  into 
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_  1(1,  were  examined  by  Smctham  (J.  Boy. 
Laneashk*  Agiio.  Soo.  1909),  who  found — 

Pro-       Sol.  carbo- Crude 
\V;iier  lein  Fat  hydraten  fibre  As>h 
Sago  flour    .    .    16  i*  0-25  0-28      82-8     013  U  5a 
„     ,.  (»econd8)  !«•»  riS  Vll  3  30  3-80 

Oranulatfd  ^apo  or  pearl  sago — the  form  in 
which  sago  is  ciiiiHy  u-^rd  as  a  food — is  prepared 
from  aago  flour  by  mixing  it  \iith  water  to  form 
a  stiff  paste,  which  in  foroe<l  throii|di  «  metal 
sieve  into  a  heated  shallow  metal  dish  which 
haa  1)0011  slightly  groa.-^cd.  Tho  fragments  aro 
kept  stirred  by  means  of  an  iron  rod  andamlutiu- 
»te  into  sn»U  spherioal  mumm  >N4iiQb  an 
usually  ported  into  sizes  ami  '  r  l  !  in  two  Ot  three 
forma,  '  bullet  sago,'  *  pearl  sagu,'  Stc 

Singapore  is  the  chief  seat  of  the  sago 
industry  ;  in  1892  its  |)roduction  anottnted  to 
20,000,000  kilos.  (Dubose,  I.e.). 

Sago  starch  consists  mainly  of  oval  or 
xounded  granules,  some  of  which  are  compound, 
oonidsting  of  one  large  granule  witii  1,  2,  or  3 
smallor  onc^  attaohoo.  Tlio  largo  granulr-s  aro 
in  length,  the  smallest  ones  10-20/4. 
There  is  a  distmet,  lineal*  tranavene,  or  oblique 
hilum  and  distinct  st nations:  often  vegetable 
tissue.  (Tells,  and  hairs,  due  to  imperfeot  wash- 
ing in  preparation,  are  also  present. 

Pearl  sago,  undor  the  microscope,  show's 
starch  granules  in  various  stages  of  transforma- 
tion. 8omo  retaining  their  original  shape,  others 
in  which  the  starch  haa  iwen  wore  or  less 
g^tinned,  wliilet  some  are  swollen  into  irregular, 
d»apoloss  masses. 

When  heated  with  water,  pearl  sago  does  not 
fall  to  pieoee,  but  the  spherical  maases  bwM  up 
and  become  gelatinous  and  almoi^t  transparfnt. 

Pearl  sago  usually  contains  12-15  p.c.  of 
imtev  and  a  amall  quantity  (about  016  p.c.)  of 
inoTganio  matter,  the  rest  being  almost  all 
starch,  with,  doubtless,  small  quantities  of 
dextrin. 

Imitations  of  pearl  sagp,  prepared  bom 
potato  starch,  have  been  produoea  in  Frnnee 

and  G<?rraan3',  in  somt"  cases,  colouration  by 
oxide  of  iron  being  adopted  (Wittstcin,  Dingl. 
poly.  J.  1878,  227.  93).  H.  I. 

SADIFOrK,    Onchrychis   viciaefclia  fF!eop.) 

{ =  0.  tatim  (jjiun.)].    A  deep-rooted,  perennial, 
eguminous  plant  grown  for  pasturage  and  hay. 
It  prefers  lights  caloareoiia  soils,  and  should  be 
out  early,  as  after  flowiering  its  stems  become 
HOody.    It  yields  a  vi<;<  >n after -growth. 
The  following  analyses  are  from  Kellner : — 


S     "3         8  S  o 


Beginning  to) 


- 

810    3-6   06     7-9     5*5     1  4  19 

la  filii  flower  'soo  3-5  o-o  7-8  6-0  1-2  1-6 
■^4;;^JJ"*}lS-»  15*4  »'2  8«*0  24-»  d'T  7-8 
Bay.cut  In  flower  16-5  13  2  2-5  32-5   23*0    T-S  7*5 

The  ash,  like  that  of  other  LeguminogcB^  is 
riah  In  lime ;  aooording  to  WolSIs  analyses,  it 

oontains — 

Sq   Katp  MHO    CaO    JfJOt    SO,  SiO.  CI 
•4       5-8  32-2  lo  f  s-ar  4-0  j-o 

H.  L 

SAJOpiN  V.  Synthktic  druus. 
SAKE.  A  very  i>opuIar  drink  in  Japan.  It 
ia  prepared  £rom  rice  by  fermentation*  the 


manufacture  l>oing  carried  t  u  fru:n  September 
to  February  only,  as  in  the  summer  the  fermen- 
taljon  oannot  bo  properly  controlled.  It  is  a 
light-yollow  li^iuid,  having  a  poouliar  flavour 
somewhat  resembling  a  mixture  of  beer  and 
sherry.  Its  8p.gr.  is  about  0  and  it  contains 
on  an  avernge  17  p.c.  of  alcohol  by  vdhuuet  Or 
nearly  30  p.c.  o£  proof  spirit. 

The  manufacture  is  described  by  M.  Ikuta 
(Zeitsch.  anal.  Chem.  14,  439)  as  foUows : — 

1.  Preparation  of  koji.  The  ftoeet  riee  is 
tjoiled  in  an  injn  kottlo  with  sufTiciont  Avater  to 
soften  it ;  after  cooling»  it  is  brought  into  the 
ko)i  chamber,  the  outside  walls  of  which  are 
covered  with  earth  and  the  interior  with  straw, 
by  which  meJins  the  temperature  of  the  interior 
is  kept  up. 

Tno  rioe  is  liero  jnixod  with  a  little  mo^oscAt 
(a  yeast  obtained  from  a  previous  fermentation) 
and  remains  in  the  chamber  for  tvu  days,  V>y 
which  time  most  of  the  starch  of  the  rice  is 
converted  into  dextrose,  and  it  is  thai  ealled 
koji. 

2.  Preparation  oj  mot  oh,  A'(g»,  fresh* 
boiled  rice,  and  water  are  mixed  hi  a  wooden 

vat  in  the  proportion  to  form  a  thin  paste. 
W(H>d(}U  caska  cuittammg  warm  water  aru 
placed  in  thb  liquid  every  day ;  after  one  or 
two  days  a  frothy  fermentation  takes  place, 
which  is  allo^VBd  to  c<mtinne  30-40  days,  (luring 
which  time  the  teraporature  rises  to  37°;  at 
the  end  of  tlie  period  the  liquid  oontains  10  p.c 
of  alcohol,  and  »  ealled  molah. 

3.  The  ihinl  Magr.  Frrphly  iKiilod  rice,  to;* 
and  motdt  aro  mixed  with  a  little  water.  The 
mixture  ferments  a  little,  but  without  appreci- 
able rise  in  temperature.  -\s  soon  as  the  froth 
ceases  to  form  on  the  surface,  i.e.  in  8-10  days, 
the  process  is  finished.  The  fermented  lluid  is 
filtered  through  cotton  ba«  and  put  into  casks, 
and  allowed  to  stand  until  clear.  It  ia  heated 
in  an  iron  Teseel  to  44%  and  is  then  run  into 
caslcs. 

The  residue  remaining  in  the  cotton  sacka 
has  been  used  from  time  immemorial  in  Japan 
for  the  manufacture  of  vinegar. 

The  preparation  of  sak6  is  accelerated,  and 

a  more  uniform  product  obtained  by  steaming 
the  rice,  previously  soaked  in  water,  then  spread* 
ing  on  mats  and  .sprinkling  with  Aspergillus 
I  oryzos.   The  mats  are  kept  in  the  dark,  and  the 
I  mass,  when  eovered  with  mould,  is  thoroughly 
mixed  about  twice  every  24  hours  for  3  or  4 
days.    The  koji  ihnu  urepared  is  sometimes 
dried  and  preserved  in  this  f(nta  for  future  use. 
A  fermented  liquor  is  then  prepared  from  a 
I  mixture  of  koji,  wateo  t^nd  i^ttamed  rice,  and 
this  in  its  turn,  is  used  for  fermenting  ab<iut 
seven  times  it,s  weight  of  a  mixture  of  boiled 
,  rice  and  water  in  nearly  equal  proportions,  the 
whole  process  requiring  al  uut  ot>  (l;iy<. 

JSak6  is  usually  taken  hot  by  the  Japanese 
.  immediately  before  meals.  It  has  intoxicatmg 
■  effects  of  a  speedy  but  transient  character. 

A  somewhat  similar  beverage  iij  made  from 
rice  in  Java  and  Borneo  (ses  also  Abbai  k). 

J.  (X 

SAKURANIN  V.  (JLno.siDKS. 

SAL  ACETOSBLUE*  Add  polam'um  oxalate 
V.  Oxalic  acio. 

SAL  ALKAU  MUnSRALB.  Sodium  ear- 
ftonafe. 
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SAL  ALKAU 


SAL  ALKAU 

earlxmale. 

SAL  ALKALI  VOLATILE  SICCUM  or  SAL 
VOLATILE.    A  !r       ■  iim  sesquicarbonaU. 

SALAMARUM.  MagnMimm  aMale. 

SAL  AHMOHUIL  AmmaiiimmdioHii. 

SAL  APERmVUll  FBIBDBBICIAinnL 
Sodium  sulphate 

SAL  AURl  PHILOSOPHIOUII.  Aeid  po- 
tassium snlphnte. 

SAL  CATHARTICUM.   J/uv'"^'*"""  "ulphatr. 

SAL  CORNU  CERVL      I '.'loniinn  airhonak. 

SAL  DE  DUOBUS  or  SAL  DUPUCATUIL 
Norrml  po(fissium  sulphate. 

SAL  DTCESTIVUM  SYLVU  or  SAL  FBBRI- 
FDGUM8YLV1L  Pota^mum  chloride, 

SAL  PU81BILE.  SoUtan  amfiMmt-HKi  phos- 
phalf. 

SAL  MARINE.   Common  salt  or  .Sodium 

chlorifir. 

SAL  MAimS.     Qieea  vitriol  or  Fmw* 

aulpfuih. 

SALMICROOOSWCUM.  ^ocInimciiwnMttum 

''^^'^ILlnRABILB.  Sodium  tuiphale, 

SAL  MIRABILB  FBSLATIW.  Duodium 

orthophoaphaU, 

SAL  KABOOWOgM  flfBIOU.  Bom  acid. 
SAL  XATIVUH.  ScHvm  ammonttim  pkot- 

ph/rtf. 

SAL  POLYCHRESTUM  GLASERI,  S. 
LAMERIANUM,  S.  PARISIEMSB.  Normal 
potassium  sulphate.   

SAL  POLYCHRESTDM  SEIGNETTL  So- 
chdU  MiU  ;  iSofltwm  poUuHum  Uuirate, 

SAL  rammULA.     TomA  nltn  owit  into 

SAL  SATURNL    Lead  acetate. 

SAL  SBCRBTUH  OLAOBUIL  Arnmonium 

SAL  SEDATTVUM  HOMBERGU.  Boric 

ad 'I. 

SAL  SUCCINL  Amber, 

SAL  TARTARL  P«tewtiiiii  carhamOe. 

SALACETOL  9,  SaXJOYUO  AGIO  tttd  8tH> 

TRBTIC  DKUOa. 

SALABRATOS.  A  term  ftpplied  in  the  United 

States  to  a  bakinir  pn wder  consistinp  of  a  mix- 
ture of  su<1iiiiii  earboixate,  salt,  and  cream  of 
tartar  or  '  ti  n  ii;  acid. 

SALANTOL  -  .  Su  irvuc  Arm. 

SALENiXON.  Orudo  pota»Hium  sulphate,  aa 
obtainofl  in  the  manufftCtUTC  of  nitrio  Mid* 

SALEP  V.  Gpms. 

SALHYPNOlfB  v.  8auoti.tc  AOm. 
SALIBROMTN,  SALIMENTHOL»  And  SAL- 
IPYRIN  r.  Synthetk;  bhios. 
SALICIN  V.  Cmcosides. 
SAUCYLALDEHYDE  i  salicylide ') 
C,H4(UH)1;H0  (1,  2). 

Occurs  in  tho  oil  from  Spireea  Ulmaria  (Linn.) 

4»tlifr  species  of  Spircra.  Obt  limi].  aloiip  with 
tlie  isoiiterio  parahydroxybenxaldchydo,  by  the 
action  of  chloroform  on  an  •IkftUne  st^Htkm  of 

phenol  (Ti.  niunn  nrvl  Tt.  iitirr,  Rt.  1870.  821; 
Tiomann  and  iier/toM,  i6t</.  1877,  03  and  213) : 

('«H6-OH  +  ('HCi,+4NaOH 

=C,H,(OXu)CHO-f  SKafl  1  311,0. 

Quo  pari  by  woisht  of  phenol,  with  2  part*  of 
cauBtic  ioda,  14  <OiMolvied  in  at  iMMt  4  parta  of 
«ater ;  the  solution     boated  to  in  a 


flaslc  fitted  with  a  reflnz  aondonser,  and  2  parta 

of  chloroform  arc  pradnally  a<l(lc<l.  nhakiiip  con- 
tinually. The  colour  of  the  li(iuid  chaiigctt  frt>m 
yellow  to  deep  red.  The  react  ion  is  completed 
^  boiling  tho  mixture  for  half  an  hour,  after 
whieh  the  exoem  of  chloroform  m  dtetiDed  off. 
Till"  liijuid  is  then  acidifu-d  with  sulphuric  aeid 
and  atcAm-distillcd,.  when  saUcylaldehyde  passes 
over,  along  with  imehMiged  plienol.  The  liquid 
remaining  in  thf  retort  is  filtered  hot  ;  011  eoul- 
iiiff,  it  deposits  erystala  of  jparahydroxybtniul- 
deo3'de.  The  salicylakiehjrae  ia  separated  from 
the  phenol  by  shakin;;  an  rthereal  solution  of 
tho  two  substanceii  with  liydrogen  sodium  sul- 
phite, with  which  the  salicylaldehyde  forms  a 
oryatalline  oompoond;  this  is  separated,  and 
deoompoaed  by  treatment  witii  sodhim  oarboD' 
ate  or  dilute  salphiuio  aoid,  when,  the  aldehyde 
is  liberated. 

SaUcylaldehyde  is  also  formed  when  saliein 
C,,H,,07  is  oxidisfHl  with  a  mixture  of  potne^itiTn 
dichromatc  aud  dilute  sulphuric  acid  (SeluU, 
Annalen.  150,  193) ;  and  by  the  reduetkrn  of 
salicylic  acid  with  sodium  amalgam,  or  «4eotio- 
lytically  (H.  Weil,  Bcr.  1908,  4147-4150). 

Salicylaldch\ lie  i-  niamifacture<l  Ijv  licating 
acetyl  salicylic  acid  in  an  open  tgascI  to  200^~ 
2101*  for  5  or  6  howv.  The  product  is  oooled, 
and  boilwi  with  .*<evoral  Mieressive  quantities  of 
water.  The  re.si<lue  is  dihsolved  in  4  or  5  times 
its  weight  of  acetone  ami  poured  into  20-90 
volutiie.s  of  water,  when  tlie  aldehyde  ia  pre- 
cipitcttcd  in  cJieeM»-liko  Hakes,  which  arff  then 
dried  (Wetter,  Eng.  Pat,  20188,  1902).  Liquid, 
with  a  pleasant  aromatic  odour.  Solidifies  at 
—20*  in  luge  erystah,  and  boils  at  196*1!^; 
sp.gr.  11731  at  13-5*.  Somewhat  soluble  in 
lA'ater,  miscible  in  all  proportx»na  with  alcohol 
or  ether ;  the  aqueous  eolntioa  gives  a  strong 
violet  eoloTiration  with  frrric  diloride.  By 
reduction  it  yjuUl.s  .saligrain  (.:,H4(Uli)(.HgOH  ; 
on  oxidation,  salicylic  acid.  When  Iwiled  with 
acetic  anhydride  and  anhydrous  sodium  acetate 
it  forms  coumarin  (q.v.).  Forma  salt*  with 
bas,  s ;  thu.s  C,Ht(OK)('HO  and  C»H.(0Na)C7T0  ; 
tho  alkali  salt«  arc  not  <leooropoeed  by  carbon 
dioxide.  With  sulphuryl  chloride  it  yields  5- 
chlarsalinjlaldfhyde  (P'riilonrr.  (Jazz,  eliirn.  ital. 
281,  235).  Diiodosalicvlaldchydi.  mixed  with  a 
little  monoidosalicylaldehyde,  is  olitained  by 
♦  reafnii  nt  in  dilute  alcoholic  ^solutinn  witli  iodine 
and  imicuric  oxide  (Seidel,  J.  pr.  L'heni.  Hi.]  57, 
205).  By  >varming  together  salicylalclehj'de. 
phenol,  glacial  acetic  acid,  and  concentrated 
.sulphuric  acid,  Liehennann  (Ber.  9,  801 ;  11« 
loxij-n \fri )i  CnH]404,  a  %Holet- 
red  colouring  matter.  Zulkov'sky  found,  among 
the  produoto  of  the  same  reaetiotu  aa  orange 
colouring  matter  which  he  termed  avrone,  as- 
.«i)jninp  to  it  the  formula  CjgHjoO,.  Salicyl- 
aldehyde  condenses  with  acetone  and  its  deriva- 
tives in  the  preeence  of  strong  8ulphurio  acid, 
pnxlucing  products  which  are  converted  on 
sulphonation  into  colouring  matters  which  dyo 
in  shades  from  violet-red  to  blue-ffirey  (D.  E.  P. 
110520;  Fabinyi,  Chem.  Zlentr.  1900,  ii.  301). 
If  the  eondensntion  is  effect***!  in  (he  presence  of 
eaii-^tic  fiinln  di-o-oxvdiben7Alneetone  residt.s 
fl>.  H.  P.  11(».-.21  :  Fabinvi.  (liem.  Zeulr.  llKK). 
ii.  302).  E.  Tiimmoley  (Annnlen.  251,  171-187) 
\\m  protluccd  a  large  number  of  azo-  oondcutia- 
tion  produots. 


Digitized  by  Google 


SALIOmO  ACID. 


619 


The  i.somerio  ftarahydrtan^enzaldehyde  raised  to  200*,  and  the  operation,  which  lants 
C«H4(0U)C110  (1,  4k  obtained  aa  deeohbed  in  from  6  to  8  boazB,  in  intennipted.  when  no  more 
the  forogoiiig,  crystalliiM        -wstor  in  BMcUee  phenol  dittib  over  at  that  t«iBp«i«tiii«.  B  ia 

melting  at  llC°-il6°.  The  solution  givw  A  veiy  necessary  to  kcop  up  a  ra  [  ;i  1  >  irrent  of  heatecl 
faint  violet  tinge  with  ferric  chloride.  I  carbon  dioxide  in  order  that  the  liberated  phenol 

M^lahydroc^fbtnmldehyde  is  prodnoed  1^  the  i  may  be  reiaovad  as  npidly  as  posdUe  mm  the 
rcdnrtinn  of  m-hyi1roxyl>rn7.nic  acid  with  rrtort,  ofhrrwisp  tho  mnHs  (mkes  together,  prr- 
wxiium  amalgam.  It  la  prfpurtni  liy  reducing  ventinc  further  abtturf)tion.  Half  of  the  phenol 
nt-nilrobenzaldehydo  \«'ith  tin  and  hydroclUoric  originally  pre«>nt  a«  )>hcnato  distils  over  during 
acid,  and  adding  potassium  nitrite.  On  a<ldition  the  process.  The  reaotion  takes  pUoe  ACOOfding 
of  concentrated  hydrochloric  acid  the  tin  double  to  the  equation 

aalt  <  rv.-'talliMos  out  m  w  hiti-  lu  cdlf.s  (Ticniaiin.  2CiHB'ON*+0O,=C(|H4(ONa)COONa+C,Hj-OH 
Ber.  1882,  2045).   It  melU  at  lOl**  and  boils  at ;  DlMdiom  MUojrlftte  (1, 8). 

240^.   Tt  ^vm  only  a  faint  viotet  oolonr  with  |  The  greyish-white  nana  of  disodinift  aaUqykte 

ferri<    ]il  ride  solution.  remaining  in  llu-  n  tort  i.-,  iiftrr  coolrflj:.  dissolved 

SALICYLIC  ACID  (a-Uydroxyhcnsoic  acid)  |  in  water  and  jfrced  from  resinous  matters  and 
C,H«(OH)COOH.  It  ooomv  naturally  in  many  ooloored  impnntieB  by  fractional  precipitation 
plants  as  thr  mrthy!  c^tor  {i\  Kstert.  iw/ra),  with  hydrochloric  or  stil])iiuri(' aricl,  aft i  r  whic  h 
and  is  also  found  in  small  quantities  m  grapes,  the  salicylic  acid  itself  is  precipitattd  by  a 
atrawborries,  and  most  fruits  ;  hence  it  is  further  addition  of  the  mineiM  acid, 
found  to  a  small  extent  in  moat  winea  (Porte«  The  reaction  which  occurs  ^-as  first  explaine<I 
and  Desmouli^s,  J.  Pharm.  Ohiro.  1901,  14,"  by  R.  Schmitt  (J.  pr.  Chem.  [ii.l  31,  397),  who 
342;  l'.«J4.  121;  Ann.  Hii in.  anal.  6,  401  ;  showe  d  lliat  whm  carbon  dioxide-  ads  on 
Traphaccn  and  Burke,  J.  Amcr.  Chem.  &>o.  sodium  phenato  in  the  oold,  sodium  phenyl 
1902,  S5,  MS ;  Pellet,  Ann.  C!him.  ansL  1907, 19,  carbcmBte  is  formed 
10;  1910.  15.  302;  Jablin-Gonnrt.  ff;id.  1903. 
8,  371;  Sus.-^.  (  'h(  m.  Zontr.  1003.  ii.  bil  ;  Vtz, 
iML;  Qftffiths,  (  lit  in.  .S.>r.  Prnc.  1889,  122; 
Schneegan.s,  J.  Pharm.  Chim.  1895,  2.  452 ; 
Windisch,  Zcitsch.  A^ahr.  CJenussm.  1902,  5. 
683).  It  is  formed  by  the  fusion  of  salicylaMc- 
hyde  with  potassium  hydroxide  (Firia,  Anualcn, 
30,  1 69} ;  and  by  the  same  ^irooess,  from  aatidn 
(Gerhard! .  iijid.  4.".  21).  coiimarin  (Delalande, 
ibid.  336;,  indigo  (Cahours.  ibid.  62,  343).  o- 
oresol  (Barihe,  ttid.  154,  360),  o-toluenesulphonic 
acid  (Wolkow.  Ztits.h.  fhcm.  1870,  n2ni.  and 
»»»-bron>o benzoic  acid  f  Hiibnor.  Annalcn,  1G2,  71). 
It  is  also  formed  by  the  action  of  nitrous  acid 
on  anthranilic  acid  (Gcrland,  ibid.  86,  47) ;  by 
the  electrolysis  of  a  solution  of  Ixmr-oir  acid  in 
acetic  acid  (Bar/  '1  r  i  and  Int,diill»  ri.  Rend.  Sic. 
Chim.  di  Roma,         0,  333).  and  by  exposing 


C,H,-ON»+CO,=CO(ONa)(pCA)- 

When  this  compound  is  heated  under  ordinary 
prcsimres  carbon  flioxide  is  given  off  and  only  a 
small  quantity  of  salicyUo  acid  i.s  formed,  but 
when  it  is  heated  under  preesure  at  120M40*  it 
is  eonverted  qtiMtitativety  into  the  iaomcfio 
Bodiuni  snlirylntf 

( •(>(  U  Na )( ( )(  ,  H , )  r,H  ^(0  H  )fOONa. 
In  this  [)roce.H3  the  whole  of  the  phenol  is  con- 
verted into  salicyho  acid,  and  it  has  the  further 
advant^o  that,  the  temperature  employed  beiiu 
lower,  a  purer  produet  is  at  onoe  obtained. 
IVir  thiorv  of  reattion,  v.  M<tll  van  Charante, 
Rcc.  trav.  chim.  1908, 27, 68;  (jhcm.  Soc.  Abptr, 
1906.  t.  666;  Tijmfltrs,  Ber.  1906,  38.  1375; 
dr  Briun  and  Tijnistra.  Rcc.  trav,  chim.  1904, 

  ^   23.  38o.     Schmitt  describes  (D.  R.  P.  29939  ; 

solutions  of  beniiolo ' Mid'to  sonlight  in  tlM  I  IVdl.  i.  2.33)  tim  methods  of  carr.Wng  out  the 
presence  of  a  ferric  salt  (Nnebeig,  Bioohffm*  1  process  :  ( 1)  The  dr>' alkaline  phenate  (phenatcs 

t_       .    —    alkaline  earths  may  be  substitutecl)  is 

treated  with  carl)on  dioxide  at  ordinary  tempera- 
ture and  pressure  as  long  as  absorption  takes 
place,  and  the  resulting  compound  is  then  heated 
in  an  auto(lnv.>  fnr  sfiinr  hniir^i  at  120**  HO". 


Zeitsch.  1910,  27.  271) 

Kolbc  and  I^titemann  (Annalen,  115.  201) 
obtained  it  by  pn!i^in^'  nirlmn  dioxide  into  a 
heated  mixture  of  sodium  aa<l  phenol.  Kolbe 
afterwards  found  that  dry  .-widium  phenate,  pre- 
pBied  horn  phenol  and  sodium  hydroxide,  oould  l  (2)  (jarbon  dioxide  is  pumped  under  pressure  nuo 
be  substitated  for  the  sodhim  and  phenol  in  the  I  »n  autoelave  oontainhiir  the  alkalme  i^enate, 
fun  ^ning  reaction,  and  patvnt<  d  (lit>  f.)ll<,u  iiiu  moling  during  the  pi-nmps,  after  which  the  nuto. 
process,  by  which  salicylic  acid  has  been  manu-  clave  Is  clos«<Vn»l  1*  tilor  some  hours  in  ordir 
isetiued  on  a  large  scale  (J.  pr.  Chem.  10,  [H."}  \  to  allow  the  formation  uEZhe  alkalme  plwnylcar- 
03  ;  D.  R.  P.  12r) ;  Frdl.  i.  220>.  Ixmate  to  be  complete.    It  is  then  heated.  (3) 

Oystallifet^d  phenol  is  disfiolved  in  the  equi-  Instead  of  pumping  in  the  carbon  dioxide  it  is 
valentquantitvofoonecntrat<Hl  sodium  hydroxide  intro<luced  in  the  form  >>i  -olid  t.irl  on  dioxid.  . 
and  the  solution  is  evaporated  to  drj-nean  in  and  the  autoclave  ie  then  quicklyclosed.  The 
shallow  iron  ve^<sels,  stirring  thoroughly  to  pre-  rest  of  the  process  is  M  hi  tto  |»recedin^  <»se 


vent  charring,  and  finally  grinding  it  ^^itll  a 
heavy  pestle  to  a  dry  powder.  The  dry  sodium 
phenate  C«H.^  ONa,  whieh  Is  always  of  s  reddish- 

y<  llow  rolonr  and  very  hygrnsrnpic,  Ih  heated  in 
a  metal  retort  at  first  to  100°,  and  a  current  of 
dry  heate<l  carI)on  dioxifle  Ir  passed  in.  eon- 
titantiy  stirring  th«'  nm.ss.  Tfi'  tfrnprmture  i« 
gradually  raised,  so  that  aftrr  a  l.ip.-«'  of  several 
honn  it  rises  to  180*.  After  the  luatin?  has 
been  continued  for  some  time  phenol  begins  to 


(v.  al>*o  J.  Sni^  T  hem.  Ind.  1885,  551).  It  has 
since  been  found,  however  {1).  R.  P.  38742  ; 
Enir.  Plat.  7801 ;  J.  Soc.  Chem.  Ind.  1886,  m  ; 
Frdl.  ).  234),  that  the  process  may  be  (simphtie<l 
by  iiuhjictinp  the  alkaline  phenate  to  the  action 
O^carlnin  dioxide  imdc  r  pressure  at  a  tempc-raturtJ 
of  120''-1IU'',  instead  of  at  ordinary  tempera- 
ttires.  Th«w»  Itmita  of  temperatnre  must  not  be 
exceeded,  otherwise  pin  t  .  l  i-  |Ht  oiT  mil  llu- 
reaction  takes  place  accortling  to  Kuiln  s  pi^»- 
..  -      .   -  »       *e  is  con- 


distil  over,  at  first  m  small  quantity,  afterwaids  i  cess.  The  alkaline  ph«iyl-oftrb<>nat 
moie  ahundaiitly.  ViuXfy  the  tempenture  is  •  verted,  at  the  moment  of  its  lormation,  mto 
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Mklkrybte,  thus  completing  the  action  in  one 

ptnpc  inhitfiid  of  in  tu*o.  Marasse  (E2ng.  Pat. 
17U02  ;  D.  K.  PP.  7327'J,  78708 ;  J.  Soc.  Chem. 
Ind.  1803,  1055)  hoate  an  intimate  mixture  of 
phenol  and  potMsium  carbonate  at  J30^->160* 
and  treats  the  prodvot  with  the  lequiBite  qam- 
•111  ,  .  f  ciirhon  dioxidi'.  Schtring  (D.  R.  P. 
133500;  Uiicm.  Soc.  Abstr.  1903,  i.  343)  sub- 
atitutee  the  product  obtained  bv  the  fusion  of 
alkati  benzene  sulphonato  and  alkali  hydroxide, 
for  the  sotiiuni  j)henat<'  in  Kolbe's  procesw.  It 
18  claimed  that  thus  oxidation  is  hindered  and 
alkali  economised.  Lcdercr  (D.  R.  P.  80747 ; 
Frdl.  iv.  161)  heate  the  product  obtained  bv 
condensing  o-cresol  and  ralofMetio  aeid  viili 
alkali  at  2dO*>270*. 

Salioylio  aoid  ia  fbmed,  together  with  )>• 
hydroxyV)etiz<Mc  acid,  the  latter  predominating, 
when  an  alkaline  solution  of  phenol  is  boiled  with 
carbon  tetracUoride  :  C,H  j  ONa+SNaOH+CO, 
=C,H4(0Na)C00Xa  ^  4Nun  -j-3H,0  (Beimefr 
and  Tiemann,  Ber.  187t>,  1285). 

Salicylic  acid  is  now  prepared  chiefly  by  the 
aetion  of  carbon  dionde  on  heaCed  potasaiom 
phenate.  There  are  three  grades  of  aoid  on  the 
market:  (1)  ordinFiry  aeid.  the  eheajwst  ;  f2) 
natural  acid,  the  most  expensive,  but  free  from 
;)-hydroxy  bencoio  add.  which  is  not  entirely  free 
from  liarmful  physiolocical  efTects  ;  {^)  an  int<?r- 
mcdiato  acid,  physiologically  pure,  and  free 
from  p-cresotic  acid.  Tm  crude  acid  obtained 
by  any  of  the  above  ])mce«'«ies  may  bo  purified 
by  neutralising  a  hot  aqueou.-*  solution  with 
calcium  carbonat*".  allowing  to  cool  and  filtering 
ofiE  the  calcium  salt.  This  is  then  recrystallised 
froTn  hot  water  until  oolourlem.  deoomposed 
with  liydrochloric  acid,  \vashed  with  enld  water, 
and  recrystallised  from  dilut«  spirit  (Henderson, 
J.  Boo.  Ohem.  Ind.  1890,  591 ).  For  purifioatkm 
by  inrATi!5  of  ^^f njinoii.-)  eldoride  or  other  tin  salt* 
V.  Hofraanu  (D.  U.  PP.  05131,  07i>93  ;  Frdl. 
iii.  826,  827).  For  special  purposes,  salicylic 
acid  can  be  purified  by  fractional  crystallisation 
of  the  nilver  salt  with  silver  nitrate,  any  cresol 
derivative  acctimulating  in  the  last  fractions 
(Chemist  and  J>ruggiat,  40,  590).  The  chief 
impurities  in  oommercial  salicylic  acid  are 
phenol,  cresotic  acid,  p-liydmxyl)tn/oic  acid, 
and  a-hydrt»x>*t*ophlhalic  acid.  According  to 
Henderson  (I.e.)  and  B.  Fischer  (Pharm.  Zeit.  f. 
Ru-^.  1889.  28,  378  ;  J.  Pharm.  (liini.  20.  \5]  258) 
thv  prcHonc^  of  the  two  laAt-namc<l  compounds  is 
due  to  unregulated  temperature  inthe  manufactur- 
ing process.  Up  to  160*.  pure  potassium  salicylate 
is  obtained,  above  150*  potassium  ?)-hydroxy- 
h.-n/.oat (■  is  also  formc<l,  aii'l  al  tlic  latter 

com|)'nind  is  the  main  pnjduct.  If  alkali  is 
pr«:'sent.  p-hydroxybenjtoie  aoid  is  produced. 
.\l  a  hitih  li  rtijii-rature  a-hydre.\-ViV'>i>hthfdin  neid 
is  turiiird  by  the  action  of  carWn  dinxii!.  on  the 
potaFisium  salicylate  already  formed,  in  a  well 
regulated  process,  not  more  than  0-4  p.c.  of 
these  two  acids  is  fornie<l.  To  test  for  these 
impuritic.H.  O-S  grm.  of  the  acid  is  triturated  in  a 
mortar  with  5  c.c.  water  and  transferred  to  a 
test-tube.  Two  drops  of  a  2  p.c.  solution  of 
furrurnldehydo  arc  added,  and  tlini  "  c.r. 
concentrated  sulphuric  a<:id  Without  mixing.  A 
brown  rinsr  shows  the  presence  of  cMTesotic  acid, 
a  faint  vieil.  t  ring  that  of  m-  or  p-eresotic  aeids. 
and  a  blue  ring  above  a yello  wonc  intUcatcs  phenol 
(Culetti,  BoU.  clum.  farm,  1007,  46,  421; 


Engelhard fc  and  Jon^,  J.  Soc.  Chem.  Ind.  1908. 
1131).  For  other  te.<!ts  v.  B.  Fii<cher,  l.c  ;  Ewell 
and  Prescott,  Analyst,  1888,  13,  237  ;  Pharm.  J. 
19,  [3]  380;  I^arwio,  BoU.  uhiid.  Uxm  1906» 
47,  780. 

Pftfp<irtfes.~-8alicylic  acid  crystallisee  from 

hot  water  in  .slender  lUH'dles  and  by  si)ontane<;n8 
evaporation  of  its  alcoholic  solution,  in  mono* 
clinic  prisms  (Marignao,  J.  1885,  484>.  Very 
.Sfilublo  in  alcohol  and  ether,  -j  nrinply  soluble 
in  cold,  readily  in  hot  water  (Walker  and  Wood, 
Chem.  Soc.  Trans.  1898.  620).  For  influence  of 
sodium  salts  on  the  solubility,  v.  Philip,  Chew. 
Soc.  Trans.  1905,  U87.  M.p.  150  7°  (corr.) 
(Fischer,  l.c. ;  Dunstan  and  Blooch,  Pharm.  J. 
1890,  21,  fiii.]  429).  Heat  of  combustion,  &c, 
V.  Berthelot  and  Beooura,  Compt.  rend.  104, 
1.171  ;  Ann.  Clum.  Phys.  13. [01320  ;  Stohmann. 
J.  pr.  Chem.  r><l.  [2]  389;  liel6pine  and  Rivals, 
Compt.  rend.  I89lt,  129,  520.  WTien  carefully 
heatfd  salicylie  acid  sublimes  without  deconi- 
]jositiun,  but,  when  quickly  distilled  breaks  up 
into  phenol  and  carbon  dioxide  ((Iraebe,  Annahn» 
139,  143).  According  to  Graebe  and  Eichengrun 
{ibid.  1892,  269,  323)  when  heated  at  195'*-220» 
it  8j)lits  up  mainly  into  salol  and  xanthone. 
Chlorine  reacts  aitb  salicylic  acid  to  form 
mono-  and  dl-sabstfteted  prodncbi  (Tarugi. 

I  Gazz.  chim.  ital.  1900,  30.  487);  for  action  of 

j  bromine  (v.  Volumttric  eMimation).  Cold  nitric 
acid  reacts  to  form  5-nitrosalicylic  acid,  and 
fuming  nitric  arid  to  ])roduce  picric  acid.  By 
warming  with  phosphuru.^  pentoxjile,  aalicyl- 
metaphosphoric  acid  is  formed,  which  when 

i  heated  with  alcohols  or  phenols  yields  the  esters 

I  of  salicylic  aoid,  hut  wlta  2  mols.  of  phenols  at  a 
higher  teni|xraturo  the  dvestuff  salicyhiiic  is 

,  formed  (Schultze,  D.  R.  PP."  76830, 85565, 86319; 

I IWL  IT.  104,  15S,  196).  On  reduction  with 
sodium  and  amyl  alcohol  pimelic  acid  is  the 
chief  product  (Einhom  an<l  Willstater,  Ber. 
1893,  2913  ;  1894,  331)  {  reduction  with  sodium 
amalgam  in  the  presence  of  boric  acid  yields 
salicylaldehyde  (Weil.  ibtd.  1908.  41,  4147; 
Mettler.  ihid.  4148).    On  standing  for  a  long  tinn- 

'  solutions  of  salicylic  add  develop  a  fungoid 
growth,  which  deeompose«  the  aoid;  more 
rapidlv  on  the  ndditirm  of  a  little  ferfio  eUotido 

Jj^ott,  J.  Soc.  (  hem.  ind.  1903,  198). 

Salioyh'o  acid  is  extensively  xmd  as  a  food 
preservative.  It  is  al.'-o  u.^cfl  m  medicine  as  an 
intestinal  antiseptic,  and  in  the  treatment  of 

I  gout  and  rheumatism.  It  has  toxic  properties 
and  its  salts  cause  albuminuria.  It  is  eaoreted 
partiv  unchanged  and  partlv  as  salioylnrie  aeid 
(Bondznvski,  fin  tn.  Z<  nf  i  'i  slO,  ii.'l039:  cf. 
Jaooby,  Biochcm,  Zcit^ch.  itM>8,  9.  522,  527; 
Roekwood,  J.  Biol.  Chem.  1909,  6).  Salicylic 
acid  dissolved  in  flexiUe  ooUodjon  is  used  as  « 

corn  solvent. 

Salicylic  aeid  which  is  intended  irr  use  in 
medicine  should  be  white  and  sliould  show  the 
pn)per  melting-point.  It  should  dissolve  in  cold 
concentrated  sulphuric  acid  to  form  a  rolotirlesa 

I  solution,  and  should  leave  no  residue  on  ignition. 

i  Another  method  of  testing  the  acid  consists  in 
difiwdviiiL'  tVie  hiumple  in  nbsnlntr  alcohol,  aHow- 
iny  the  solution  to  evaporal<j  ([{{tuidaneoualy  and 
ol>servinc  the  points  of  the  crv'stals  formed: 
thes<»  \rill  Ijc  colourless  if  the  acid  is  pnn\  r?o!f>t 

I  or  pink  if  it  contains  iron,  yellow  or  brown  if 

'  rosimms  impurities  are  pivsent. 
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Salicylic  acid  i»  used  iu  the  production  o?  Phenyl  salicylate  [^'^alvl)  VtUJiOH^OQC^U^ 
azo-  dyee,  meh  as  fkmaiA  and  civrfaamin.   It   PrcpArod  by  the  action  of  the  chlorides  or 

induencea  the  .^hnrle  in  the  clirfotion  of  yellow  oxyohloritles  of  phosphorus  on  a  mixture  of 
and  tends  to  hh  n  asL'  its  iaaliiijiki  to  light,  though  salicylic  acid  or  a  salicylate  with  jihenol  (Kcncki, 
no  dy«3wtutT  containing  it  is  fast  to  chlorine,  Ent'.  Pat.  8018  ;  1).  R.  PP.  38973, 43713,  1622  ; 
(Bona,  l  arb.  ZlH.  o.  120).  Azo-  dyestujja,  v'r  J.  Hoc.  Chcm.  Ind.  I88ti,  677 ;  1887,561;  Trdl. 
Oebtk,  .Viuialcii.  251,  IbH ;  KostAneoki  and  i.  237 ;  ii.  314).  Eckenroth  (D.  R.  P.  39184  ; 
Ziboll,  Ber.  1891,  1695;  Landsteinor.  Ciiein.  J.  8«>c.  C'liLin.  Ind.  188G.  BTT  ;  Fnll.  i.  liJO) 
Zeotr.  1S95,  ii.  891 ;  Paul,  Zcitsch.  augew.  .  obtained  it  by  the  action  of  uhotigcae  gao  on  a 
Ghein.  1896,  679 ;  Orandmougin,  Quiaan  and  '  mixtuze  of  sodhun  salioytate  and  sodium 
Fn-imann.  IW-r.  KK")?,  40,  3450  ;  Chcm.  Zcntr.    phonatc.    Byk  (En o;.  Pat.  23149  ;  J.-Soc.  (T-h  m. 


1908,  ii-  310 ;  J.  pr.  Chem.  1908.  78.  [li.J  ; 
Nietski.  D.  R,  P.  44170;  Frdl.  ii.  323;  Bayer 
&  Co.  D.  R.  PP.  01950,  31658:  Bcr.  1892; 
Ref.  530 ;  Frdl.  i.  465  ;  Bad.  Anil.  u.  Sod.  Fabr. 
D.  R.  P.  58893  ;  H<  r.  1S92,  Itcf.  928  :  CaaacUa 
&  Co.  D.  R.  P.  66351  ;  Frdl.  iii.  677  ;  Leon- 
hardt  &  Co.  D.  R.  P.  38735;  FnU.  L  610. 
Trip/x  )n/lini  tliatit  dyr.HuJJ.^,  v.  HoohsleV  Fub. 
D.  R.  P.  76803  i  Fidl.  iv.  197. 


ind.  1894,  274)  buboUtuti-^  a  mixture  ol  pbus- 
phorio  anhydride  and  ])ho.^pboric  acid  for 
phosphorus  oxychloride.  Entert  (Eng.  Pat. 
14224;  D.  K.  P.  62276;  J.  Soc.  Cheui.  lud. 
1891.  1020;  Frdl.  iii.  835)  heata  salicylic  acid 
at  220°  in  an  atmnsphero  of  carbon  dioxide. 
Salol  has  also  been  ^uc^iared  by  the  intenetion 
of  jwlysalicylide  and  phenol  (Akt.  Gcs.  f. 
Anilfabr.  D.  R.  P.  73452  ;  Frdl.  iii.  836),  The 


It  has  idso  been  reoommtaded  as  a  piesecva-  :  product  obtained  by  thetie  methods  is  usually 
tive  in  thiosulphate  solutions  (Bwntliger,  steam  diht  ill  1 -ntl  finally  purilntl  by  recrystalli}«a- 
2eitsch.  anal.  Chcm.  27,  641).  ^    tion  froru  (iiiutc  aicoLuI.    Khorobio  cryatalu, 

[  ni.p.  43° ;  soluble  in  most  oivanio  solvents,  but 
^  ■  insoluble  in  water  (Lusini,  L'tJrosi.  1903,  26,  89). 

**"^*  UTien  taken  internally,   it  passes  unaltered 

Methyl  salicylate.  Oil  oj  Wintergreen,  Gaul-  through  the  titoniacli.  lait  is  hydrolyscd  in  the 
lAerta  oU,  C^4(0U)C00CU,.  Tii»  chief  natural  duodenum  by  the  pancreatic  ferment  into 
sonroes  of  methyl  salicylate  are  the  leaves  phenol  and  salieyljo  aoid  (J.  Soo.  Chem.  Ihd. 
of  Gtndlheria  procumbens,  and  the  Viark  of  the  1886,  677  ;  v.  also  Humnicki,  Chum,  Zcntr. 
birch  {Beiula  Unla)  {Fowcr  and  Kleber,    1899.  i.  369  ;  Bull.  Acad.  Sci.  Cracow,  1908,  841  ; 

Lusini,  L'Orosi.  1903.  20,  47).  To  avoid  this 
resolution  into  phenol,  p-aniihophcnylacetyl 
mlicylate  has  been  introduced  niio  commerce 
under  the  nain<-  ot  aalophen  (van  Eck,  CTicm. 
WeekbUwl.  1907,  4,  639;  Uohn,  J. jpr.  Chem. 
61,  [2J  550 ;  Bayer  ft  Oo.  D.  B.  PP.  62533, 
00289  :  Frdl.  iii.  836).  This  is  hydr«ly8e<l  into 
salicyhc  acid  and  j>-aminophenol,  an  innocuous 
pio<niot  which  is  eliminated  without  further 
chance.  Salolchlorocarhonatr,  v.  V.  Bnvrr  & 
Co.  Ji.  R.  PP.  109933,  114020.  1 1  Si>a7  i "  Clicm. 
Soc.  Alwtr.  1901,  ii.  697.  For  c^t  imation  of  salol, 
r.  Squire  and  Chinee,  Hiarm.  I.  1905,  [iv.]  20, 
720 ;  in  surgical  dressings,  '1  <  lie,  J.  Pharm. 
(  him.  19U1,  1:J.  49;  J  4,  289;  in  mouth  washes, 
&c.,  Beythicu  and  Athoustadt,  Zeitsc;h.  Nahr. 
Gennssm.  1907,  14,  392L  PhmytacdyUalicylatc, 
Acetyl  said,  Vtsipyrin  (Km  1x1,  .T.  pr.  Chem. 
1891,  43,  378;  Zcmik,  Apoth.  Zcit,  1907,  22, 
162)  is  a  white  tasteless  powder,  m.pi.  97*.  The 
nnmc  f<dol  i>  imw  uften  used  to  mean  the  corn- 
{npundn  formed  Ijy  ihc  cundcu.suliun  uf  a  bub- 
stiUited  j)lien(il  uith a Hubitituteil  hydroxy-  acid. 
JJalogenaled  saioU,  v.  Eckenroth  and  Wolf,  Bcr. 
1803.  34^;  Kanschke,  J.  pr.  Chem.  1895.  51, 


Pharm.  Rondsohau,  1895,  13,  228).    In  other 

plants  it  occtirs  chicllv  an  the  glueosidp,  Oaul- 
thtrin,  which  is  hydrolyscd  to  dextrus^  and 
methyl  salicylate  by  the  soluble  ferinciU  hetulase. 
The  following  are  the  more  imuortant  plants  in 
which  methyl  salicylate  is  found:  Polugala 
Srritfja  (Linn.),  P.  liahltriui  i^SuW.),  P.  I'ari- 
abUk  (H-  B.  &  K.),  P.  Jamna  (DC.),  P. 
olttfem  (Heck.),  P.  sefpyOoeea  (Weihe),  P. 
calearea  (Schnltr.),  P.  n/Z^am  {lAnn.),  Gnultfuria 
procumbens  (Linn.),  G.  /r'VjruHltMuttu  (Wall.), 
O.  Uucocarpa  ^Blume.),  Bsttda  lenta  (Linn.), 
Spmra  Ulmana  (Linn.),  Erythroxylum  Coca 
(Lam.),  Utfpopitys  muUi flora  (Scop.),  Camellia 
Tkea  (LinJv  ).  Acacia  caesia  (Wight  and  Am.), 
A,  fifttricopttotolStead.),  A.  penwita  (Willd.). 
A.  Pomenona (Willd.) and  Viola  fr«eotor(Linn.). 
(Krcmerai  arul  James.  Pharm.  Rev.  1898,  16, 
100;  Bourquclot,  Couipt.  rend.  1894,  119,  802; 
J.  Soo.  Chem.  Ind.,  1890.  1153).  It  can  be 
prepared  Mynthctirally  I'V  Ixiiling  a  nn'xture  of 
salicylic  acid,  .sulphuhc  acid,  and  methyl  aleohol 
under  a  n-llux  apparatus  (Cahours,  Ann.  <  him. 
Phv».  10.  [31  327).  Ukdourleas  oil.  b.p.  222•2^ 
6p.gr.  474*  MW  16*/15'  i  m  (Pterkln, 
Chem.  Soc.  Trans.  1896.  1238).  For  detection 
of  free  Mlioyiio  acid,  v.  Pharm.  Centr.  1892,  33, 
40;  Zeitsoh.  anal.  Chem.  32,  363.  Inr  esti- 
rnation,  r.  Oibbs,  J.  Amsr.  CSbem.  Soo.  1908,  30, 
1405. 

Ethyl  Mlleylato  C;H«(0H)C00C,H,.  Pre- 
pared by  tho  action  of  ethyl  alcohol  anil 
sulphuric  or  hydrochloric  acids  on  salicylic  acid 
(Cahoiir-i.  Annalen.  62,  332;  74.  314;'  (ioii  L-. 
Ber.  1876, 1 473).  B.p.  233-6'-234'* ;  sp.gr.  474° 
1-1470;  15718*  1*372  (PbrJdn,  {.e.}.  Phynio- 
locpcal  action,  ».  Hoqgfaton,  Amer.  J.  JPhysioL 
1905.  13.  331. 

AUyl  salicylate,  v,  Akt.  Ges.  f.  Anilfabr;  J. 
Soc.  Chcm.  Ind.  1910,  1832.  ^ 
and  as  a  perfume. 


[2]  210;  KoIVm  .  Enu.  Pat.  0749  ;  J.  .Soc.  Chem. 
Ind.  1894,  275).  CresaloU  arc  the  oompounds 
formed  by  conden.sation  of  the  OTSSols  with 
salicylic  acid  (Kolh<-,  I^ng.  Pats.  13169,  17221  ; 
J.  Soc.  Chem.  Iml.  1889,  817;  1892,  68). 
a-  and  fi-Naphlhyl  salicylates,  :>'iUnaphthct»f 
known  rosj)ectively  as  Alphol  and  Bdol,  ar** 
prepared  in  a  similar  manner  (Byk,  I.e.),  Bctol 
IS  Mf«ed  as  an  iiite^tiiiiii  antiH<>ptic  in  aplie  anil 
articular  rheumatism.  For  distinction  of  alphol 
from  betol,  v.  Dragendorff,  Areh.  Pharm.  1805, 
23.1.  rd2. 

Beniyl  salicylate,  v.  Aki.  C.c.   f.  .Anil- 
fabr.  D.  R.  PP.  11946.3,  1440(»2  ;  Chcm.  Soc. 
Used  medicinally  i  Abstr.  1001,  i.  712;  Cliem.  Zentr.  1903*  ii' 

1040. 
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Salts. 

The  moaobMio  saUoyltttes  of  the  formulft 

(•,H4(0H)C(>0Il  irf  mostly  boIuUo  in  water, 
the  dibu«ic  .salicyktea  C^^iOKjUOOU  bwttg 
OMMtly  iiitfuluble  (Piria,  J.  lS86t  485;  Milone, 
<tozz.  chilli  itril.  ] "  219). 

Sodium  salicylate  NaCyUjOj.H^O  crystul- 
liaes  in  colourletiti  plates,  vury  Hulublo  in  wntcr 
aad.&kiohoi  (Maaol,  Ann,  iMm.  Phys.  [7J  1, 
217 ;  de  Ooninek,  Bull.  AomL  Toy.  Bclg.  19U7, 
(151).  Also  known  anlivdnnii  (('lu  iiust  and 
Dnxggist,  40, 690),  and  with  6U,0  (Ronii-n,  Ked. 
Tydschr.  Fharm.  1806,  111).  Heated  in  air  to 
3iJ()°  it  dcc(irnix>.ses  into  tho  disodium  salt, 
car  bull  djoAadc  mid  pheuui,  but  in  an  atmosphere 
of  carbon  dioxide  4-hydroxyi>ophthaiic  acid 
(JgHjOj,  and  hydroxytrimesic  acid  iJ^Hfij  are 
formed.  Taken  internally,  »odium  Halicylatc 
caoaea  increased  kata holism  of  prou  id  material 
(Goodbody,  J.  Physiol.  lUOO,  25,  399; 
Baldont,  Areh.  exp.  Fath.  Phiimi.  Biippl. 
(  1908,  54).  For  assay  of  sodium  salt,  r.  Alcock, 
Fharm.  J.  1900,  23,  597.  For  double  salt  with 
^^udivlm  iacUite,  v.  ToUner,  D.  R.  p.  84378; 

Potassium  salicylate  KCxUjOj.^liO.  When 
heated  t(}  200**  it  changes  into  the  dibasic  salt 
of  j>>liydroxy benzoic  acid,  carbon  dioxide,  and 
phenol  (Ost,  J.  pr.  Chom.  [2]  11.  329). 

Lithium  salicylate  LiCjHsO,.  White  cn  ^^tul. 
luie  powder,  aolable  in  mnux  and  alcuiiol. 
HeatM  to  300^,  it  is  tranefonned  into  the 
dittasic  salt,  no  para-  coiupoiinil  being  prodiictd. 
Used  in  cases  ot  ciiruaic  ur  nculv  rhcumati^iiu 

Ammonium  salicylate  NH4C,Ht03,  v.  iia\,an- 
jow,  J.  Russ.  Phya.«Chem.  Soo.  31,  3iM) ;  liaiig> 
nac,  J.  1855,  485. 

Salicylates  of  the  alicaline  eartlis,  v.  Wikmc. 
Ix. ;  XATuai  and  Cheoohi,  Oasz.  ohim.  itaL  1901, 
31.  ii.  417. 

Ferric  salicylate  Fc(C'7H50,),.  Forincd  as  a 
browu  precipitate  on  "liYing  ferric  chluridu  ami 
salicylio  aoid ;  quickly  acqnires  a  violet  colour. 
For  Ihrnrv  of  rcartion,  v.  Roscnthaler,  ^\rch. 
Phiirni.  19U4.  212,  503;  Hopfgartner,  Monatsh. 
I 'JOS.  2s,  lis'j  ;  DosmoaUites,  J.  Phann.  ddn. 
1902,  [vi.]  16.  241. 

Aluminium  salicylate  Al,(C7HeO,)„3H,0. 
Prei)ari  d  by  adding  a  solution  of  an  aluminium 
salt  to  that  uf  sodium  salicylate.  Used  as  a  dust- 
ing powder  in  oatarrfaal  alfeetionB  of  the  nose  and 
pharynx  under  tho  name  of  Salumen  (Allen's 
(jommcrcial  Organic  Aualysio,  1910,  iii.  488). 

Alvmlnlom  ammoniam  nUeylate 

A]«[C«H4(ONH«)CO«]»2HtO. 

A  netitral  soluble  salt  mnrc  .sLalilL'  in  solution 
than  in  tho  dry  state.  U-ii  d  a?,  an  aiitriugent 
wash  for  the  tliroat  and  n<>^v  tinder  the  name  of 
Soluhk  Sfdamat  (Heyden  Machf.,  D.  &  P. 
hibiU;  Frdl.  iv.  1190;  Alien,  i.c). 

Ahunlnlum  potaBstom  saUqrlAte 

A1,[C,H4(0K)C0,1,. 

Used  as  ft  combined  antiseptic  and  astringrnf 
under  the  name  of  Alkaml  or  Alkasol  (Atiien- 
Ht4Ult,  D.  B.  P.  78903}  FsdL  it.  1189;  Allen, 
Lc). 

Herante  ndleylate  Hg(C7HeO,),.  Prepared 

1»y  adding  a  solution  uf  im  rt  urn'  ac  ctm^!  to  one 
of  sodium  salicylate  acidilicd  >vith  acetic  acid 
(Buxoni,  Oazz.  ehim.  itaL  1902, 32,  ii«  311).  On 


iioiliog  the  solution  there  is  formed  the  anhytlridc 
of  ^/ana^fmeremnsaiieifliic  aM 

OH-C^,<^>0 

305;   Linta«r,  Zeitsch.  angew. 

707).    Acrnnlinpr  tn  Lajoux  (J. 


(Buroni,  ibid. 
Clu'ni.  IfWMj, 
Pharai.  L'him.  11KJ7.  1 


con.-^t  itut  ion  C 


il2>  thu  latter  has  tho 

CO 

*  \0  it  ™*y  ^  pre- 

pared by  gradually  adding  freshly  precipitated 
yellow  nmourio  oxide  to  •  hoiliug  solutton  of 
salicylic  acid  (Lajoux  and  Grandval,  J.  fhaim. 
Chim.  V.  20,  5;  Oompt.  rend.  117,  44). 


Bismuth 


Tho    basic  bismuth 


salicylate  of  cfininiproe,  which  is  extensively  used 
in  medicine,  la  muro  correcth  bunnuthyl  salicyl' 
tilr.  OH-C,H4COOBiO,H,0.  Acoortiing  to 
Martinotti  and  Comelio  (Boli*  oiiim*  farm.  1901, 
40,  141)  it  probably  also  oontains  the  compound 
CgH«(0H)CO0Bi(0H)j  (v.  al>o  Causso,  Cumpt. 
rend.  il3,  547).  It  may  be  prepared  bv  saturat- 
ing 40  c.c.  of  concentrated  hydrooluorie  aoid 
with  bismuth  oxide  in  tho  presence  of  500  c.c. 
of  saturated  sodiu  m  chloride  solution ;  to  another 
500  c.c.  of  brine  9  grnia.  of  sodium  hydxoxide 
and  22  grms.  of  sodium  salicyhito  are  added. 
The  two  solutions  are  mixed,  and  the  precipitate 
WHslutl  with  water  containliii:  a  few  droj>8  of 
nitric  acid  (Causso,  Lc),  Microscopical  prisma 
(v.  also  Fischer  and  Grutmer.  Arcli.  Pharm.  231, 
680).  Cnuf^ne  (Compt.  rend.  112,  1220)  has 
described  a  bismuth  salicylate  having  tho  con- 
stitution Bi(C-Hj0a)„4H,0.  Thil)ault  (Ann. 
Cliini.  Phv.-.  1902,  fvii.]  2j,  208;  J.  Pharm. 
L'kiuj.  JlHJl,  14,32;  Bull.  Soc.  chim.  lUOl.iii.  25, 
794)  has  prepared  a  bismuth  salicylate  having 
the  conetitation  Bi|0«(C,H«0.).  Bismuth  disaJi- 
cylate  OH  »(0<X}-C^«  OH),  or 

0[Bi(0C0C,H40H),], 
is  prepared  by  adding  cryslalline  bismuth  nitrate 
to  an  aqueous  solution  of  ^udium  salicylate,  and 
after  thorough  mixing,  the  free  acid  is  extracted 
with  an  indifferent  solvent  (Chem.  Fuh,  «. 
Heyden,  ling.  Pat.  19876?  B.  R.  P.  188408; 
Cht'in.  Soc.  Al)str.  I90C.  i.  605). 

Estimation  of  bismuth  salicylate,  v.  Lyon, 
Pharm.  J.  1904,  iv.  18,  219;  Harrison,  ibU, 
1908,  81,  .Tif>:  KoUo,  Pkoo.  Amer.  fharm. 
Assoc.  1899,  719. 

BiUMtli  ecrium  salicylate.  An  insoluble 
pink  powder  used  in  tho  treatment  of  diseases 
of  tho  gastrin  and  intestinal  mucous  membranes 
(Allen,  iii.  MM 

Cerolu  salicylate  Ce,(CjU»0»}«,3H«0  [v. 
Morgan  and  Oahen,  Pharm.  J.  190«,  78,  428). 

Cadmium  salkyhite  CtUC^lUO,),.  Prepared 
by  treating  salicylic  acid  witii  cadmium  oxide  or 
carbonate.  liusteous  crystals ;  possesses  valu- 
a  Mo  antiaeptio  piopatiea  (Oaesaris*  L'Oxoai,  17, 
262). 

Ooppv  aalicylate,  v.  Ley  and  JUat  (Zeitadi. 

anorp.  Chem.  1908.  66,  401). 

Salicylates  of  the  rare  earths,  v.  ZSmwer  & 
(  .  (Kng.  Pat.  134S8;  J.  Soo.  Chem.  Ind.  1898, 

006), 

DntlVATITBS. 

Sodium  theobromine-salicylate 

C,H  jN.O.X  i  -M  \n,(0H)C0,Na. 
Knovm   as  Diurctin.    Prepared    by  mixing 
aqueous  solutions  of  moleeuiar  proportiona  of 
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iodittin  UMobromiae  and  aodium  saiM^late, 
and  evsponting   to  diynoaa.    Used  as  a 

cUurotic  in  cases  of  scarlet  fcviT,  nephritis, 
Ac  (J.  Chem.  luiL  1890,  544).  Barutitic 
(Brat,  Oiem.  Zentr.  IflOK,  ii.  1189 ;  Akt.  ges. 
f.  Anilf.  D.  R.  r.  107140;  Ch<  m.  Sk-.  Abstr. 
lOOU,  i.  092)  ia  thu  corresponding  l)ariuin  com- 
pound and  Uropherin  the  lithium  compound. 

Bonvl  saUeylate  CieH70'C0C,U«0H. 
Ejwtni  as  Salit.  Prepared  by  heating  a  miztuio 
of  French  oil  of  turpentine  and  salicylic  acid  has 
b.p.  nV*'-n3l'/5  mm.  (Tardy,  J.  fharm.  Chim. 
1904.  aO,  [iL]  67 ;  BVvb.  Heydso.,  D.  R  P. 
176097  ;  C'hem.  Soc.  Abstr.  1907,  i.  429). 

Quinine  salieylats  CioH,4N,Ot.C7U,0,.H,0. 
Uniile  needlsB,  used  as  an  antip>Tclio  in  typhus 
and  an  a  rfnie<ly  for  rhcumutiKm  and  gout. 
Solublo  in  225  parta  of  cold  water,  and  20  parts 
of  90  p.C.  akolml. 

SsMyl  dttlfnttvw  of  the  CtawliOM  aiakaolMi, 
«L  F.  Bayer  &  Go.  D.  R.  P.  1S7207 ;  Ghem.  8oo. 
Abstr.  1903.  i.  513. 

Antipyrlne  saUeylate  CnHiaNAG,H,0, 
(SaUpifrin).  Ck7stalimeodourieespoiraer,lutvmg 
a  pk'iisant  tuste  anfl  possessing  the  proj)crtie.s 
of  its  constituents,  m.p.  91"  circa,  (i'atcin  and 
Dnfan,  Bull  Soc.  chim.  15,  [3]  847 ;  S(  huytcn, 
Ghem.  Zontr.  1899,  ii.  38 ;  1901,  ii.  484;  Bour- 
ge(Ma,  Beo.  trav.  chim.  18, 461).  For  estimation, 
9.  Altaelml,  Fhann.  Oentr.  Halle.  1898»  8S, 

eL 

IMypfriM  nBejMe,  Tolysal,  m.p.  91*. 

Resembles  salipyrin.  Coloheclne  salicylate, 
OoleUsal,  is  used  in  the  treatment  ot  arthritis, 
riMamatism,  and  gout:  yellow  an]or]>hous 
jKiwder,  soluble  in  water,  alcohol,  and  ether.  A 
mixture  of  colchicine  and  methyl  .salicylate  is 
also  called  colchisal.  Saloquinone,  the  quinine 
ester  of  salicyUo  acid  C,H4(OU)COiC„H„N,0, 
is  used  as  an  analgeeio.  Rheumatine,  the 
salicylate  of  saloquinone,  is  used  in  the  treatment 

of  rheumatism.  Phenolphthakiin  disalioylate,  v. 
KnoO  -ft  Go.  D.  R.  P.  S1289t;  Chem.  Soe. 

Abstr.  1909,  i.  932.  Bniclne  salicylate,  v. 
HUditch,  Chem.  Soc.  Trans.  1908,  1391.  Hy- 

droxyettaiyl  salicylate,  v.  Bad.  Anil.  u.  Sod.  Fab. 

J).  R.  P.  173776:  Chem.  Soc.  Abstr.  1906,  i. 
957.  Alkyloxyalkyl  esters,  v.  F.  Bayer  &  Co. 
I).  R.  P.  14»i849  ;  Chem.  Soc.  Alwtr.  1905.  i.  318. 
AeylHUicarlle  acids,  v.  Lassar  Coho  and  Lowoi- 
■Mo,  Ber.  1908,  41,  3300 ;  ESnhora,  Bothlauf, 
and  Seuffort.  ibid.,  191 1,  44,  3309 ;  Farb.  v. 
E.  Bayer,  D.  R.  PP.  201325,  201320,  (  hem. 
Soc.  Abstr.  1908,  i.  984.  Alkyl-  and  aryloxy- 
aeyballeylic  acids,  r.  Farb.  v.  Hinflen,  D.  R.  P. 

221385;  J.  Soc.  Chem.  Ind.  1910,  650.  Car- 
boxyalkylsallcyllc  acids,  v.  Einhom,  Eng.  Pat. 
24009 ;  J.  Soc.  Chem.  Ind.  1910,  649.  Alkyl- 
oxymethyl  ethers,  r.  Farbonfab  Elberfeld 

Va}..  U.S.  Pat.   TtMHilS;    .7.   Soc.   Chem.  Ind. 

1902,  1164.  Alkyloxyallgrlldene  esters,  v.  U.S. 
Pat.  740688;  J.  Soe.  Chen.  Ind.  1903,  1906. 

Alkylamlnoalkyl  esters,  r.  Moister,  Lucius  and 
Bruning,  D.  R.  P.  188571 ;  J.  Soc.  Chem.  Ind. 
1908k  6M.  Benxoylmethylsalicylate.  Salhpy. 
none,  prepared  from  sodium  salicylat*^  and 
bromacetophenono,  m.p.  1I3*-114"  (Phnrm. 
Ctentr.  H.  37.  103).  Piperidlne  salicylate,  t. 
HewiU»  £ng.  Pat.  19823 :  J.  Soc  Chem.  Ind. 
1808,  866.  Glyceryl  ester,  v.  Sorger,  Eng.  PU. 
8387  S  U.  S.  Pat.  882590;  Fr.  Pal.  373854;  J. 

800.  Chem.  Ind.  1907,  778.    Menthol  ethsr,  v. 


Bibus  and  i:icheubler.  £og.  Pat.  8644 ;  U.  S.  Fat. 
830013;  J.  Soe.  Chem.  Ind.  1906,  233.  Gtah 

namylsalicylio  add,  v.  Wellcome.  .h)\\vtt  and 
Pymau,  Eng.  Pat.  7126;  Chem.  Soc  Pcoc 
1907.  317;  J.  Soc.  Chem.  Ind.  1906,  1002. 
The  DlthlOSalleyllc  SCids  are  use<!  as  .stibstitutes 
for  iodoform.  Their  sodium  salts,  known  as 
Dithion^  are  antiseptics,  and  are  used  in  the 
treatment  of  rheumatic  fever  and  of  foot  and 
mouth  disease  (Cassella  ft  Co.,  D.  R.  P.  180200 ; 
Chem.  Soc.  Abstr.  1908,1.  177  ;  Farb.  v.  Ileyden, 
Eng.  Pats.  13027,  14443,  5263;  D.  K.'  PP. 
61710 ;  64847>  IMl.  ii.  141 ;  iiL  840;  J.  Soe. 
Chem.  Ind.  1890,  213.  821  ;  1892,  369;  Baum. 
\).  l\.  PP.  40413.  71425  ;  Frdl.  ii.  140  ;  iiL  841). 
The  liasie  hisitiuth  salt,  under  the  name  of 
Thiojorm,  is  used  to  treat  (lisea.ses  of  the  eye,  ear. 
and  nose,  and  in  veterinary  surgery  as  a  sub- 
stitute for  iodoform  in  eczema,  erysipelas.  &c. 
Of  the  hakgenated  salicylio  acids,  the  iodo  acids 
And  avplioatton  in  medicine.  2-6-DiodosaUeylto 
acid  (Lautemann,  Amialen,  120,  304)  is  used  as 
aa  analgeeio,  auUthermic,  and  autise^tio  com- 
pound.  The  methyl  ester,  Sanoform,  is  need  as 
a  desiecint  for  wounds  and  ulcers  and  as  a 
substitute  for  iodoform.  Monotodo  f^idSf  v. 
Basse,  D.  R  P.  284686 ;  Cbem.  Soe.  Abatr.  1910, 
i.  74(». 

Salicyisulphonic  acid  C,H,OH(SO,H)COOH 
(Remsen,  Annalen,  1 79, 1 07),  also  kno^\'n  as  nulpho- 
aoUpyUc  aet^  is  used  in  the  treatment  of  sctk^^ 
rhenmatism.  It  is  also  a  ddioate  reagent  for 
albumin  and  a  precipitant  for  all  kinds  of 
proteids  in  urine  (Roch,  Pharm.  Centr.  1889.  30, 
649).  The  sodhun  salt  is  used  as  a  substitute 
for  salol.  By  successive  nitration  and  bromina- 
tion  of  this  acid,  the  colouring  matters  known  a.s 
ealiajlic  orangt  and  salic^ie  ydlow  are  obtained. 
The  former  is  said  to  dye  wool  and  silk  dark 
yellow  or  orange,  the  latter  yellow  (CSiem.  Fab. 
auf  Aotien  vorm.  £.  Schenub  D.  B.  PP.  16117, 
of  1880;  16889  of  1881). 

6-lllto«Hiliqflle  aeU  G,H,(OH)(NO,)00OH. 

Prviwml  by  nitratini;  salicylic  acid  'with  a 
mixture  of  sulphuric  and  nitric  acids;  m.p.  230*. 

S  Amlnosalleylle  aeid  C,H,(OH)(NH,)COOH. 

Prejwred  by  the  reduction  of  the  alxivo  nitro- 
compound (I).  R.  P.  77800;  FrtU.  iv.  64; 
Fischer  and  Schaar- Rosenberg,  Ber.  1899,  82). 
Used  in  the  treatment  of  artioular  rheumatism 
and  in  the  prodnetion  of  am  dyestuflTs  (Bayer  ft 
Co..  D.  R.  P.P.  51504.  58271.  60494.  00500, 
02133,  62134,  75293,  80314;  Frdl.  ii.  325;  iiL 
610.  612,  614  et  seq.,  632  ;  iv.  796 ;  KaDe  ft  Co., 
D.  R.  P.  1104O;  (  hem.  Zentr.  1901,  i.  152); 
oxazino  dvestuffs  (Had.  Anil.  u.  Sod.  Farb. 
D.  R.  P.  78710 ;  l-Vdl.  iv.  484);  and  sulphurised 
dyestufis  (Udohster,  Earbw.,  D.  R.  P.  118440, 
118702). 

AcetylsalicyUc  acid  C,H«(0C0rTr3,C00H 
(.^sptn'n).  Prepared  by  treating  salicylic  acid  or 
sodhim  salioylate  with  aoet3d  chloride  (Kiant, 

Annalen.  150,  II;  Erdmann.  Ber.  1899.  3572  ; 
V.  also  F.  Baver  &  Co..  Eng.  Pats.  27088,  9123  : 
J.  Soc.  Chem.  Ind.  1899.  1154;  1900,  373). 
Us»  d  instead  of  the  salicylates,  as  being  insoluble 
in  the  gastric  juice,  it  is  devoid  of  irritating 
elTect.4  on  the  stomach.  Sallcyloacetic  acid  v. 
Meister,  Lucius  and  Bruning,  £u;.  Pat.  12179 ; 
J.  600.  Chem.  Ind.  1898, 497.  MetunMoettyl- 
salicylic  acid  C,H,{OCjH,)(NH  COCH,)COOH 
{BtMOMiin)  V.  Kuchler  and  Bull,  D.  R.  P. 
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71258 ;  Fnil.  ui.  88.  Used  in  the  treatment 
of  neunlgia. 

Acetonyl8aUcylateC,H«(OH)CO,CH,COCH, 
{Salacetol  or  Salantol)  (van  £ck,  Lc. ;  Fritsch, 
D.  R.  P.  70054  ;  Frdl.  iii.  839  ;  Eng.  Pat.  3961  ; 
J.  Soe.  Cfaem.  Ind.  IQ&i,  274}  is  uaed  as  a 
Bttbstittite  for  aalol  in  the  treatment  of  ilienina* 
tism,  tieuralgia,  and  influenza.  For  estimation,  t". 
Eokonroth  and  Koch,  Pharm.  Zeit.  18d3,  aS. 
593  ;  Helbing  and  Pasemore,  ibid.  621.  Mono- 
glycol  e$terC,H,(OH)CO  O  CHj  Cir,OH  {Spiro- 
«a/)  (Bayer  and  U>.,  Kag.  Pat.  40oo;  J.  Sue.  Chem. 
Ind.  1905,  1030 ;  Impeus,  Pfluger'a  Archiv.  1907, 
120, 1).    Used  in  the  treatment  of  rheumatism. 

Phenyl  and  naphthyl  ethers  R0O,H,  (X)0H 
(f.  Akt.  (ic:^.  f.  .Vnifabr..  I'l.  Pn.  34T7:i4  :  J. 
Soc.  Chem.  Ind.  1905^  346)  Methyl  and  ethyl 
•■UeylglyooUates  (v.  Soe.  Ghem.  Ind.  Baab^  Eng. 
Pat.  24'-7-2  ;  .1.  S<)c.  Chem.  Ind.  1905,  902). 
Indoform  is  the  trade  nauie  given  to  a  mixture  of 
salicylio  acid,  acctylsaUcyUc  acid,  and  methyl 
ealicylato  (Frericho,  Aixjth.  Zoit.  VMS,  23.  r,41). 
The  condciisatiou  product  of  galllo  and  salicyUe 
aelds  OH  C,H«  CO  O  CO  C,Hs(OH),.  known  as 
Salitaimolf  ia  used  as  an  antiaeptio  and  a  substi- 
tute for  salol  (F.  Baynr  ft  Oo..  Eng.  Rik  9898 ; 
J.  Soc.  Ch.  ir..  Til  l.  1898,  487).  The  oondaiisa- 
tion  product  ot  boric  and  saUeylie  aeidi 

BOH(0C,H4C00H)„ 

BonuaHeffUe  add,  and  its  sodium  salt,  known  as 

Boraalyl  or  Borosalylt  are  u.scd  m  antiseptics. 
A  mixture  of  hydrog«a  peroxide,  boric  acid,  and 
salioylio  aeid,  niown  ae  Amptint  ie  used  for  the 
same  purpose.  Condensation  product  with  epi- 
and  dichlvrhyiri/is  {v.  Lango,  t>.  li.  P.  1S4382  ; 
Ch<  til.  S<>c.  Abetr.  1907,  i.  930).  Salleonltrile  i 
C«ll4(0U)€N.  Prepared  by  treating  salioald- 
oxime  with  aoetio  anhydride  and  subsequent 
hvdrulvsis  (Tiomann,  Bor.  1887,  3083  ;  iSpilktr. 
ibid,  land,  2771;  Bone,  CSiero,  Soc.  Trans.  1893. 
1350) ;  m.p.  96".  Folymeride  of  salioonitrile  (v. 
Miller,  B.  r.  1889,  2790). 

SaUcylamide    C,U«(OH)CONH,.  Prepared 
by  toeating  methyl  or  ethyl  salicylates  ulth 
cfjncontratcd  aqueous  nmraonia  at  100*  (Spilkcr, 
Ber.   IbS'J,    27G7 ;     Limpricht,    ^Vnnalcn,    1)8,  i 
258;    McCoy,    Amer.    Chem.   J.    21,  116);! 
m.p.  139-9**  (ooxr.)  (Remsea  and  Beid,  «^  i 
413) ;  uaed  ui  mediohie  as  a  snbstitate  for  I 

salit ylates.  Laliilt-  isoniorisni  among  th<'  Ix'tiy/iyl 
derivatives  of  salicyiamide  (v.  Titherley  and 
Hieka,  Chem.  Soc.  Trans.  1905,  1207  ;  Titherley. 
Chem.  Soc.  Proc.  190?),  288  ;  McConnan  and 
Titherley,  Chem.  Soc.  Trans.  1905, 1314  ;  Auwers, 
Ber.  1906,  38.  3256  ;  1907,  10,  3506  ;  Einhom 
and  Sohupp,  ibid.  1906,  38,  2792 ;  £idu»n  and  i 
Haas,  ibid.  3627).  ! 

Anhydrides  of  .saU'cyUc  acid,  Salioylosalicylic 
aeld  0(C«U«<X}OUJ,.  Ptepared  by  condensing  , 
Balioylic  aoid  or  its  ealta  with  phospboms  i 
trichloride  or  oTvchlorido,  thionyl  ohlunae.  (S:e. 
(Gcrhardt,  Amialen,  87,  159 ;  Marker,  ibtd. 
124.  249;  Kraut,  ibid.  ITA),  13;  Bochrinper 
and  Sons,  Eng.  Pat.  11467;  U.S.  Pat.  922995 ; 
D.  R  PP.  211403,  214044,  220491;  J.  Soc. 
fJheui.  Ind.  1909,  382.  1104;  li»10.  649),  m.p. 
47^-148".  Soluble  without  docompoaition  in 
sodium  carbonate  solntion,  but  aeoomposed 
by  l>oiting  alkali  hy<lroxido  into  Balicylie  acid  ; 
do<aj  not  give  a  colouration  with  ferric  chloride 
(Sohiff,  Annaton,  163,  219). 


DisalieyUde  {O^^COt)t.  Prepared  by  passing 
carbonyl  chloride  into  an  ice-cold  solutitjii  of  sali- 
cylic acid  in  pjrridine  (Einhom  and  Pfeiffcr.  Bor. 
1901,  34,  2951);  m.p.  200*-201».   SaUcylide  ur 

TetpasaUcyUde  C.H.^^;^^^:^;S;-0<:0>^.H.. 

Prepared  by  dissolving  sahcylio  aoid  in  tohieoe 

or  xylene  and  gradually  adding  phosphorus 
,  oiychloride  (Anschiitz,  Ber.  1892,  26,  3606 ; 
D.  R.  PP.  68960.  09708;  Frdl.  iii.  822,  824); 
m.p.  261*-262^  ITiere  i^^  nho  formed  a  jwly- 
meride,  m.p.325*',  from  w  hich  it  is  separated  by 
boiling  with  elUoroform,  a  eompoond 

(C;H,0j),.2CHCl, 
being  formed.    Auschiitz  (Aiuialen,  1893, 273, 94) 
makes  una  of  this  in  the  preparation  of  pure 
chloroform.  SaUcyl-a-methyl-pnenyl-hydniOM 

CgH,(CH,)UNHCH(C*E4)0H 
is  need  in  the  treatment  of  nsurakia  and 
rheumatism  under  the  name  of  Aff0uin  and 
Co^min  (Allen,  I.e.). 

DjsTJiCTiON  Ai»i>  Estimation. 

A  dilute  aqueous  solution  of  salicylic  acid 
gives  an  intense  violet  oofeuration  with  ferric 
chloride.  Free  acids,  especially  hydruchlurio 
and  acetic  acids,  interfere  with  thid  reaction. 
Phenol  and  resorcinol  also  give  a  violet 
colour  with  forrio  ohloride,  but  the  addition 
of  two  drop*  of  laetie  aoid  changes  the 
colour  to  yellow-green  in  the  case  of  phenol 
and  resorcinol,  whilst  the  colour  produced  by 
salicylic  acid  remains  unchuiged  (Itallie,  Apoth. 
Zeit.  4,  99).  If  i>henols  are  present,  Freyer 
(Chuoi.  Zuit.  17,  69)  recommends  extraction  with 
ether,  evapomtjon  to  dryness  and  disii^olution  of 
the  residue  in  absolute  alcohol.  If  a  violet 
colottration  ia  produced  with  ferric  chloride, 
salicylic  acid  is  prt'siut  as  phenols  give  no 
oolouration  in  alooboUc  solution.  A  solution  of 
copper  sulphate,  when  added  to  a  solution  of 
salicylic  acid  or  itft  salts,  gives  an  emerald-green 
colouration  in  2000  •paita  of  water,  destroyed  by 
ammonia  or  acids.  Solutions  of  silver  nitrate 
or  lead  acetate  give  white  precipitates  with 
neutral  salts,  but  not  with  the  free  acid.  Accord- 
ing to  Endcmann  (J.  Soc.  Chem.  Iml.  1896,  791), 
if  salicylic  aoid  is  dissolved  in  lorataldshyde 
Botntion,  a  red  solid  is  pieeipitated  in  a  magenta- 
coloured  .solution.  A  good  test  is  that  known  as 
Millon's  reaction  (Lintner,  Zeitscb.  angew. 
Clieni.  1900,  707).  The  solution  is  boiled  with 
a  few  drops  of  u  10  j).c.  solution  of  acid  inerc:urio 
nitrate  for  2  minuter ;  2-3  drops  of  dilute 
sulphuric  acid  are  added  and  then  a  few  drops 
of  a  solution  of  sodium  nitrite.  A  rod  colour  is 
at  onoe  formed  in  the  presence  of  salicylic  acid. 
Jori.sncn  rceornmcnd.s  treating  a  .solution  of  the 
acid  or  its  salts  with  sodium  nitrite  and  a  little 
aeetie  aeid,  followed  by  2  drops  of  copper 
sulphate  eolution  :  a  blood -red  eolour  is  pro- 
duced on  boiling.  For  other  tests,  r.  Rcichard, 
Pharm.  Zcntr.  H.  1910,  51,  748. 

In  the  absence  of  any  other  acid  s^nl<stanee, 
salicylic  acid  may  bo  estimated  by  titration 
with  standard  alkali,  using  phenol phtludi.  in  as  nii 
indicator  (Barthe,  BulL  me.  chim.  1894»  11-12, 
516). 

Vulumetric  methods.  A  knomi  weight  of  the 
substance  is  dissolved  in  water  to  which  a  little 
sodium  l^ydiDzide  has  been  added,  and  a  volume 
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ooataioing  &boat  0-1  ffm,  sallcylio  acid  is 
diluted  with  Wftter  to  100  co.  in  *  stoppered 

bottk.     10  c.c.  hydrochlorin   acid,  sp.gr. 
are  added  and  then  &  knowu  volume  of  a 
sohitir)!!  of  .-iiodiiim  btomido  and  sodiam  bromate, 
nlwut  c.c,  so  a«  to  give  about  76  p.c. 

exccHS  of  bromine.  In  another  bottle  is  placed 
an  equal  quantity  of  bromat«  solution.  A' 
10  p.«,  aohitioa  ol  potMMum  iodide  is  atbled  to 
Mob  bottle,  «ad  tiielibBnted  iodine  Utmted  with 
y  10  thio.sTilph.itt)  solution.  The  difTtTfiux-  in 
the  volume  of  thiosuipbat«  solution  uiicd  iu  the 
titratioas  gives  the  amount  of  bromine  which  has 
reacted  with  the  salicrlic  acid  {Fp mt,  nimi. 
Zeit.  1896,  20,  820  ;  'j'r.  s.-iiiu*i  ami  (  iriinhut, 
Zeitach.  anal.  Ch.  iu.  1S'J8,  38,  21 ;  von 
GenerLsch.  Zeitiich.  Nahr.  Goaiuun.  1008,  16, 
209 ;  cf.  Siodcll.  J.  Amer.  Chem.  Soe.  1909,  81, 
1168;  Authi  urieth  imd  Bcuttel,  Arch.  Pharm. 
1910,  248,  112  i  Schulz,  Bied.  Zcntr.  1907,  36» 
608).  itiK>ther  method  oonsists  in  precipitatmg 
sAli<  vlir  iK-id  from  an  alknlino  solution  with 
St  tixliiril  iodine  i^ulutiua  and  titrating  back  the 
exc<A^^♦  of  iodine  with  thiosulphate  (Messinger 
and  N  iirtmsinn.  Bi-r.  1890,  23.  2763).  Fresenius 
and  Uriiidiut  >/.'-.)  state  that  this  method  in 
inaccuratv.  but  Meseinger  (J.  pr.  Chem.  1900, 
riii.]  61,  230}  and  Boogault  {ODmpt.  rend.  1908, 
140,  40i3)  have  ^wn  that  under  proper  con- 
ditions it  is  quite  .-.it  i.-.fii'  toi  y. 

Gravimetric  method.  When  lodino  is  adde<l 
to  a  solotkm  of  salicylic  acid,  a  red  precipitate 
is  fiirincd  %vhich  oonisists  of  a  miTfun'  of  iln' 
potik>»iuiu  i»alt  of  3 :  6-diiodusalicyiiu  ucid  ami 
diphenylenc  quinooe  (iMitemann,  Annalen, 
1861,  120,  309 :  Benzinger  and  Kamorer,  Ber. 
1878,  11,  557).  Bougault  (/.r.)  has  devised  a 
method  for  estimating  salicyln'  arid,  which 
depends  on  the  insolabiiity  of  the  latter  com- 
ponnd.  A  portion  of  the  stthstaaee  oontalntnff 
afxiut  0-1  ^rin.  .^alinvlir  ncid  is  wr  i^^hcd  out  and 
dissoK'cd  III  a  solution  contaiauu^  1  grm.  bu<liuui 
Cftrixiiiato  in  50  c.c.  wat«T.  Iodine  is  added, 
t\\r  solution  hf?ate<l  for  20  mins.  on  the  water- 
^>ath,  aud  then  boiled  for  10  mins.  under  the 
reflux,  iodine  being  added  from  time  to  time  to 
iDsnn  eoDoesB  bekig  present.  Ttie  exoeas  of 
iodine  is  removed  with  mdinm  sulphite,  the 
j)rtoipitat<-  collected  on  a  Goo*  h  mirihlc,  dried 
and  weighed.  This  weight,  multiplied  bv 
138/344,  ftivee  the  anH»ont  of  salicylio  acid 
present.  For  er>timation  as  picric  ncid,  v.  Spica, 
Gazz.  chilli.  lUl.  1896,  26,  i.  207  ;  Montanari, 
ibid.  1904,  34.  i.  207. 

Colorimebnc  method  {v.  E^imaiimk  in  tnV«). 

Detection  and  fttimation  in  Vfine».  The 
nu  iiiod.-i  differ  chii-Hy  in  the  stdvent  used  to 
extract  the  salicyUc  acid.  £ther  was  used  at 
first,  hot  it  was  fonnd  that  it  extracted  another 
substanc-  ulu'  h  c*>loured  ffrri''  ^hl  r:  !  'dution 
violft  ;  prol>ai>iv  the  maltol  oi  UifiudL  (I'ercira, 
Bull.  S.c.  chim".  1901.  [ui.]  26.  476 :  W'ienert. 
Chem.  Z.mr.  I^;^S,  ir.H  ;  Mediius,  IK'Ml. 
ii.  28;  .'^pjcrt.  <„i//.  (  Unii.  ital.  I8t)6.  26,  i.  207). 
The  following  -  Ivi  nts  have  iK-en  re(«)inin<'ndf<I  : 
ether  and  light  pctroh'um  (Abraham,  J.  Pliarro. 
Chtm.  189B.  rvi.]  8.  410;  da  8i!v8.  (fempt.  rend. 

IL':^      \    1.  Chim.  anal.  ii.  11  :    I'lill.  Soc. , 
chim.  1901,  iiu.125,  726;  Conrady.  A\y>ih.  Z.  it. 
1900,  IS.  4nr;  Fdlet,  Bull,  de  I'Aamk.  (  him 
Bnrr.  1900.  IS.  r?0.'-,  :   Ann.  Cliim,  niial.  6.  418  : 
6,  3^;  haporrtti,  Boll,  cliim.  farm.  19U8,  47, 
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I  751) ;  ohlurofurm  (Weight,  Lc ;  von  der  Hcide 
I  and  Jakoh^  Zieitseh.  Nahr.  Genussm.  1910.  19, 

I  137) ;  carbon  tetrachloride  { Bigclow,  J.  Soc.  (lu  in. 
Ind.  1909,  116S)  ;  l»tn/.erio  (Lindeman  and 
Motteu,  BuILSiK-.  chim.  [iii.]  S,  441)  ;  and  toluene 
(Bigclow,  Ic.  ;  Vitali,  Boll.  chim.  farm.  1910, 
46,  7Ui  :  Cattini,  ibid.  641).  Harvey  (Analyst, 
1903,  28,  2)  recommends  the  use  of  a  1  p.c. 
I  sotntion  of  iion  ahun,  and  proceeds  as  foUom: 
[  too  0.0.  of  irino  aM  made  add  with  dilute 
sulphuric  acid,  and  the  salicylic  acid  extracted 
twice  with  ether.  The  etlurettl  solution  is  shaken 
I  out  twice  Mrith  water  containing  a  known  amount 
of  Ny'2  or  N/10  alkali.  The  solution  is  neutral- 
i;sod  and  made  up  to  250  cc  50  c.c.  are  taken 
and  the  mtenaity  of  oolmv  obtamed  on  the 
I  addition  of  ferric  chloride  compared  with  that  in 
standard  tubes  oontaininfr  a  Known  amount  of 
salicylio  acid  {rf.  Pellef  im]  dc  Grobert,  Bull,  de 
r Assoc.  Suor.  Dist.  1902,  20,  289;  OMsal, 
Chem.  News,  1910, 101,  289).  /«  heer.  Pfnette 
(Chem.  Zeit.  14,  1570;  J.  8oc.  Chem.  Ind.  1S91. 
165),  Abraham  {l.c.),  Elion  (Kac.  trav.  chim. 
7,  211),  Horn  {ibid.  341),  and  Snyders  (Chem. 
Zentr.  1S8S,  11S())  u.se  the  ferric  chloride  method, 
whilst  Schoepp  (7th  ed.  Tydiciir.  Pharm.  7,  67; 
La  Biere,  4,  182)  preters  Millon's  reagent 
{v.  supra).  In  milk  (Saporetti,  Ix. ;  Be  vis  and 
Pavne,  Analyst,  1907,  32,  286;  GHIk,  Fham. 
Centr.  41.  437;  Breustedt.  .\rch.  Pliarm. 
1899,  237,  170).  In  foods.  60  grma.  of  the 
cnuhed  snbstanco  are  placed  in  a  300  0.0.  fladc, 
a  little  Tvater  addid.  then  16-20  c.c.  of  a  saturated 
solution  of  bo^ic  lea<l  aottate,  fulluwed  by  25  CO. 
of  sodium  hy<ln)xido  to  render  the  solutioik 
alkaline.  15-20  o.c.  of  N/1  hydrochloric  acid  aro 
added  and  the  mixtnro  made  up  to  300  c.c.  The 
hydrochloric  acid  disr^^dves  the  lead  salicylate, 
leaving  the  lead  tannate  insoIuUe.  Then 
ooknmelrioalhr  with  ferric  chloride  (Harry  and 
Mummery,  Analvst,  1905.  30.  124;  von  Fellen- 
berg,  Zeit«ch.  Nahr.  GenuBsm.  1910,  20,  63; 
cf.  Gomi,  Rcc.  mtem.  Fakif.  1900.  19.  16; 
Boll,  chim.  farm.  44,  409;  T>':»  is  J.  .\raer. 
Chem.  Soc.  1906,  36.  602;  ^h.  rman,  J.  lad. 
Eng.  Chem.  1910.  2,  24  ;  Taffe,  BuU.  Soc.  chim. 
1902,  [iii.]  27.  701 ;  Ann.  Chim.  anaL  10Q2»  ?• 
18;  1903,  8.  24;  McElroy.  J.  Amsr.  Cham.  Soc. 
isot.  If).  198).  In  urine,  «k  Betonnaim,  Ann. 
Chim.  aoaL  1901,  6, 4. 

ISOHCBIDXS  OF  SaLICVUO  AOIO. 

'      m-Hydroxybenzoic   sold  C.HjOHjCOOH. 
^  Prepared  by  the  action  of  nitrous  acid  on 
m-aminobenxote  acid  (Gerland,  Annalen,  91, 

ISO),  mid  f>\  fu-inu  m-h* n/.u-  ulphonie  acid 
(Barth,  tOid.  14».  33 ;  Graeb**.  ittd.  280,  67), 
m-chlorobenzoic  ucid  (R<'mi>en,  Zeitsch.  Giein. 
1871,  81.  inn;  I>,raboy.  ^\nnalcn,  148.  222). 
w-cresoi  {Rartii.  I'n'J.  154,  .361).  or  benzoic 
acid  (liarth  and  Sclureder.  Monat.-sh.  3,  802) 
with  sodium  hydroxide.  Crv^tallitMS  in  micro* 
.^copical  laminte.  m.p.  188'  (KellaA.  Zeit.sch. 
physikal.  Chem.  24,  221).  2t»0'  (Fisch<r,  Anna- 
len, 127,  48).  Giveti  no  coloration  with 
'  ferric  chloride.  Can  be  distilled  unohani^ ; 
,  r*  dii<' ! ion  with  ^'|.liuIll  n ttud.';-' m  viiM-^  m- 
iiydiuxybcuzyUlcoliol.  liv  iicuntg  uali  p.c. 
sulphuric  acid  at  210°,  w-bcnrxlihydfoxy- 
;ui1  lir.tquinone.  nnthr  iflav;i'  acid,  and  suthm- 
rutiu  arc  produced  ;  with  eulpburio  acid  in  the 

2  B 
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piesenoe  of  boric  aciU,  hexahydrosi^Mitbia- 
qntnone  is  the  product  (Bayer  ft  Ock,  D.  R.  P. 
81959;  Fr  li.  iv.  273). 

p-Hydroxybenzoic  acid  C,H,(OH)COOH. 
Occurs  in  the  jk^cIh  of  CaUiljHi  bignonioides 
{ Walt. ).  Prepared  by  the  action  of  nitjous  acid  on 
j7-aininobenzoio  acid  (G.  Fischer,  Aimalca,  127, 
146),  and  by  fusing  vurioun  gums  (e.g.  benzoin, 
dragon's  bl^Mxl)  (Borth  and  Hlaiuwetz,  ibid.  134, 
874 ;  139,  78),  oarthamin  (Malin,  ibid.  19d,  117). 
t\Tnsin  (Earth,  ibid.  136,  112),  phloretir  acid 
(Barth,  tbid.  152,  90),  p-orcsol  (Barth,  ibid.  154, 
359),  p-bonzeneaulphonic  acid  (Remsen,  ibid. 
178.  2S1).  or  benzoic  Hcid  (Barth.  ibid.  164.  141 ; 
Barth  and  Schredtr,  Moiiatsh.  ^,802)  with  potaa- 
siom  hydroxide.  It  can  also  be  prepared  by 
liMtiug  poUwaiain  salioylate  under  tureaaure  at 
180»  {V.  Heydmi  Naohf,  D.  R.  P.  483fi6,  iVdl.  ii. 
132) ;  by  heating  potassium  phonate  and  carbon 
dioxide  at  220*  {v.  Kolbe's  process,  mipra); 
together  with  salicylic  acid  by  boiling  an  alkaline 
solution  of  phenol  with  t«rbon  tetmchloride 
(Rcimor  and  Tiemanu,  Ber.  1876,  1285 ;  v. 
supra) ;  and  as  the  ethyl  ester  by  the  hydrolyais 
of  apigenin  diethyl  ether  (Permn,  CSiem.  Soc. 
Tmns.  1897,  815).  Monoclinic  prisma  containing 
1  mol.  of  %vnt<T  of  crystnUi.'<ation,  ni.p..  213*- 
214^,  with  deoompoaition  (Negri,  Gazz.  ohiin.  ital. 
26,  i.  05).  For  solubaity, «.  Walker  and  Wood, 
Clicm.  Soc.  Trans.  1898,  622.  Gives  a  yellow 
aiuurphous  precipitate  with  ferric  chloride. 
DistiUation  of  the  calcium  salt  yields  phenol, 
oalicylic  acid,  hydroxyi'sophthalio  acid,  and 
carbon  dioxide  (Goldschruiedt  and  Herzog. 
Monatsh.  3,  132). 

The  oniy  decivativee  of  medioiaal  importance 
are  the  foUowhie !  Methyl  p-amino-w-hydroxy- 
beuzoate,  Orlhnjorin,  used  as  an  antlHcjitio  and 
local  aiiiasthctiu ;  the  sodium  mil  of  uicthyl-p< 
amino-tn-hydroxybcnzcne  sulphonate,  svipM- 
noted  orthofomif  and  methyl-m-arnino-|)-hy«lroxy- 
bonzoate,  Orthoform  new,  both  of  which  arc 
used  as  substitutes  for  orthoform  (Einhom, 
D.  R.  PP.  97334.  97336;  Annaleo,  311,  26; 
Ber.  1897,  991).  They  cannot  he  used  for 
sTibcutaneouH  iiijeotioiiH  as  fbey  have  an  acid 
reaction.  The  glyooooU  dorivativea,  however, 
ue  found  to  have  »  neatr»l  neotion  and  have 
been  used  as  anaepthctic"?  (Einhom  and  Oppen- 
heimer.  Annalen,  311.  154 ;  J>.  R.  P.  106502). 

8ALIF0RHIN  v.  Stntrbtio  SKUoa. 

SALINAPHTHOL  v.  Salicylic  ACm. 

SALiNIGRIN  V.  Glucosides. 

SAUT  v»  SAUcorao  Axsa>  aw  SmrHRic 
sauQS.   

SAUTAHHOL  «.  Sauotmo  Aom. 

SALMON  OIL.  This  oil  h  obtained  on  a 
very  large  scale  from  th«  oalmon  (Salmo  salar. 
Linn.),  as  a  by-product  in  the  salmon  prceerving 
industry  <if  Rritisb  ("<)lunibi;»,  Tlic  fi'--h  con- 
tains abtiut  20  iJ.c.  uf  oil.  Tlic  oil  in  pale 
golden-ycllow,  has  a  mild  nmell.  and  a  tolerably 

fleaeant  taate.  For -the  oharaoteri8tioa,«ee  Oju, 
IxBti,  AKD  Pats. 

Thf  oil  is  impt.rt»"<l  in  lar^rc  quantitii  s  into 
this  cuuu fry,  ttitfl  i-  u-t'<l  in  the  leather  and  soap 
industries.  J.  L. 

SALMON  RED  v.  Pbiuuliiis  aiyd  m  va- 

SALOCHININ,  SALOCOLL,  SALOCBBSOL^ 
8AL0PUEM,  V.  Stmthbtio  d&uos. 
8AL0L  V.  Sauotuo  Acm. 


5AL0L  CHLORAL.   An  oily  liquid 
C,H4C00C,Hj,0-C!H(0H)CCl„ 
obtained  by  heating  salol  trith  chloral  hydrate. 
SALSEPARIN  f.  Sarsaparili  A. 
SALT,  COMMONt  v.  Sodium  chhride^  art. 

SODZVM. 

SALT,  BPIOM.    Cr^ftkiBiud  tmgiMivm 

sulphaU. 

SALT,  FDSDUL  Boiium  mmnmivm  jSim- 

phate. 

SALT,  GLAUBER'S.   Sodium  sulphate. 

SALT,  GLAZIER'S.    Potassium  tuiphaU. 

SALT,  MICR0G0SM1C  Sodiwn  mKmomum 
pho&phate. 

SALT  OF  AMBER.    Succiiuc  acid. 

SALT  OF  L£M£RY.   Fotasnum  sulphate. 

9kUt  (MP  LUIOn  V.  OxAi,io  Acm. 

SALT  OF  SATURN.   Laid  acelaU. 

SALT  OF  SODA.    Sodium  cnfhomde. 

SALT  OF  SORREL  r.  Oxai.k  acid. 

SALT  OF  TARTAR.    Fo(a9s\um  carbowOe, 

SALT  OF  TIN.    tiUmnoua  chluridt, 

SALT  OF  VITRIOL.   Zinc  aulphaU. 

SALTFERLATE.  Sodium  phosphate. 

SALT^TRE.   Nitre  ;  pokisium  n&rate, 

SALT,  SEDATIVE.    Boric  acid. 

SALUMIN  V.  Salicyuo  agu>  and  Syktbxtic 
DBuas. 

SALVAHSAN  v.  SynthetIO  DBVOfc 

SALVIOL  V.  Camphors. 
SALZBURG  VITRIOL  f.  Coppeb  suli-hatk. 
SAMARIUM.   Sym.  Sa.  At.wt.  150*4.  In 
1879  Leooq  dc  Boisbaudran  isolated  from  samar- 

skitc  the  oxiiie  .^Ltiiunin  iv.  Ckkrm  kakths,  nnd 
(JompU  rend.  88, 322  ;  89, 212),  which  was  subse- 
quently recognised  hy  &aiiner  aa  ooouRing  hi 
the  'didymium'  earth -of  ceritc  (Chem.  Soc. 
Tram.  1883,  43,  278).  The  oxide  obtained  from 
aamarskito  by  Dclafontaine,  to  the  metallic 
constituent  oi  which  the  name  '  dfcipium  '  was 
given,  consists  partly  uf  ^aiuaria  {Lbmpt.  rend. 
1878,  87,  632;  cj.  Marignac.  ibid,  1880,  90,  899). 

Occurrenct.  —  Samairskite,  cerite,  orthite, 
ytterbite,  monaidte. 

Separation  and  purldcation.  Siuuarium  ^^a8 
first  separated  by  the  fractionation  of  its  double 
potaarium  sulphate,  the  aolnbility  of  which  in 
aqueous  nlknli  siilphatf!  is  frrratcr  than  that  of 
the  neodymium  and  pra»eotiyiitium  double  8ul> 
phatcs,  but  less  than  that  of  the  coixeapondiBg 
salts  of  the  terbium  metals.  The  separation 
from  the  neodyrafum  and  praseodjTnium 
fraction  can  l>e  elb  cttHl  by  frHctional  |>reeii)ita- 
tion  >vith  ammooia  and  from  the  terbium  metala 
bv  crystallisatkm  of  the  double  enlphatee  (Qeve, 
Compt.  nntl.  1883.  HT.  84;  Bull.  Sor.  chim. 
1 886,  [ii. j  43, 53).  The  neodyiniu ni  and  praaeody- 
miumoan  al6c>  !x  partially  removed  by  motional 
decomposition  of  the  nitrates  aiiil  the  so|)aration 
completed  by  crj'stallusaiiou  of  tlie  double  sul- 
phates (Bettendoif,  Aimalen,  1891,  263.  164). 
In  these  onKationa  aamana  ahou'^  it«elf  to  bo 
a  weaker  naae  than  neodymia  or  praseodymia, 
the  elenirnt.  -nimium.  ocni]>vniu'  m  the  rare 
earth  neriea  a  jwsition  between  nf<Mlymium  and 
the  tcrl)ium  mctaliii  aa mdioated  by  the  solubilities 
of  it*H  «ilt«  and  the  ba.«jic  strength  of  its  oxidi  . 

The  most  soluble  portions  of  the  double 
nitfatc  fractionations  for  neodymium  and 
praseodymium,  according  to  the  methods  of  von 
Wolsbach,  Dcmoj^ay  and  Drossbach,  may. 
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theteforc,  bo  taken  m  a  convenient  sterting  i  hydrogen,  ammonifty  or  alnminiuin  poivcler. 

material  for  tho  separation  of  samarium,  and  '  Samarium  triiodide  can  be  similarly  reduced  to 
the  double  maguesiium  nitrate  oryi»taUuiation  in  the  diiodide  (Matignon  and  Cazes,  (>>mpt.  rend, 
nitric  Acid  (sp^.  1'8)  affoida  »  means  of  separat-    1906,  142,  83). 


ing  oompletely  samarium  from  neodymium,  the 
latter  element  having  tho  less  soluble  double 
silt  (Dcm!ir9ay,  Compt.  rond.  1890.  122,  728). 
Tho  more  soluble  doable  nitoatee  of  eurupitim 
and  gadolimam  are  also  eliminated  by  a  pro- 
longed application  of  this  method  'f  "  nipt.  rend. 
1900,  130,  1019,  1185;  cf.  Muthmauu  and 
Weim,  Annalcn,  1904,  331,  1).  A  combination 
of  crystallisation  methnf!'^  v-ith  sirnplo  nitrates 
aiid  double  magnesium  uu rules  h&n  been  em- 
ployed in  the  separation  of  samarium  and 
neodymiam  (Feit  and  FrsibjrUa»  Zeitaoh.  anoig. 
Cbem.  1905,  43,  203). 

Tlie  purification  of  ihv  j^  iinai  ini^i  rloiiVlp  palt 
is  facihtatod  by  the  addition  of  raaguesium 
bismuth  nitvate,  -iHiioIi  in  tiie  saneqnent 
fractionation  effectg  n  nopa ration  between  the 
double  salts  of  samarium  and  europium  (Urbaiu 
and  Lacomlx%  Compt.  rend.  1903,  137.  794; 
1904,  138.  84,  1166;  cf.  £berhaid»  Zeitadi. 
anorg.  Chem.  1905,  45,  374). 

MetalUo  samarium,  uLp.  I900''-1400'',  the 
hardest  metal  of  the  cerium  group,  is  a  light  grt>y 
substance  prepared  by  the  electrolysis  uf  the 
anhydrous  chloride  ;  it  rapidly  beoomestaniislisd 
with  a  layer  of  yellowish  oxide. 

Samarium  carbide  SaC^-  A  yellowiAii  cryn- 
tallino  mass,  sp.gr.  .')  S*),  pro<liiced  by  reducing 
saroaria  with  carbon  in  ' 


Samarium  sulphate  Saj(S04)„8H,0.  pp.pr. 
2-93U  18°,  forms  light  yellow  crystals  more 
sparingly  soluble  than  neodymium  and  piaaeody- 
mium  sulphates.    The  double  .sulphates, 

2Sa,(S04)^9KJ504,3H,0, 
8<4(80«)»Ma,S0<,2H,0,  and 

5a,(S04)„(NH4)^04.8H,0,  are  more  solnUe  in 
aqueous  aUtali  sulphates  than  tho  corresponding 
neodyminm  and  praModymium  double  salts 
(Ann.  Chim.  Phv.^.  1880^  [▼.]  SO.  fiSfi;  Oompt. 
rend.  1881,  93,  63). 

aUMrtmi  «MtoMto  Sa,(C0,),.3H,0,  aoionlar 
crystal's,  obtained  by  treating  with  carbonic  acid 
the  hydrojudf  precipitated  by  ammonia.  Alkali 
carbonates  added  to  soluble  samsrium  s&lu 
produce  voluminous  pmeipitateB  of  tbe  double 
alkali  oarbouatos 

Sa,(C!0,),.R,00„«HiO,tRaiMa,K  or  NHJ 

which  ;n"a<luHl'  ■  lj'"v.in.>  ,  :  /.-(taUineb 

Samarium  acetylacetonate 

Sa[CU(COCUa),]„ 

m.p.  146M47*,  prei»ired  by  tibe  inteiaction  of 

I  samarium  nitrate,  acetylacetone,  and  ammonia 
!  in  aqueous  solution,  ia  somewhat  muro  soluble 
I  in  Avater  than  other  acetylacetonates  of  the  rare 
earth  series;  its  molecular  weight  in  carixm 


..lo^f.'L  I  disulphide  solution  is  double  that  indmated  by 

evolving   hydrogen,    acetylene,    olefines,    and  i 


paraffins  (Moissan,  Compt.  rend.  1900,  131,  924). 

iunaitam  Mdplllto  SajS,,  yellow  mass, 
sp.pr.  3-7,  is  obtained  by  paBsinj,'  sulphtir  vapour 
over  the  carbide  (Annalcn,  1908,  diil,  190). 

Samarium  oxide  {Samaria)  'Sa,0,.  sp.gr. 
8-.'i47,  in  white  with  a  yellowish  tinge  like  the 
namarium  salt.s  of  colourless  acid  radidcii.  The 
hydroxide    is    a    gelatinous    precipitate.  A 


AbmrpHom  Mfteimm,  Samatinm  salte  eiUHt 

a  series  of  absorption  Iiands  ranging  from 
a559  to  a362,  but  concentrated  solutions  must 
be  employed  as  the  intensity  of  tiiis  qwetrnm  ie 

much  legs  that  that  of  ncodynu'um  or  prafcody- 
mium  (l)emarvay,  Compt.  rend.  ^900,  130,  ll8o). 

Spark  spectrum  not  very  characteristic  (Ezner 
and  Hasohelc,  Sitzungsber.  Wien.  1898,  lie. 
108,  1106,  110,  504;  Demar^ay,  Compt.  rend. 


hydratod  peroxide  Sa,0„zH,0  is  produced  by  \  ^qqq  igj'  g^gj  Setxrml  .r'rinnn  an^  cathcdt 
precipitatmg  with  ammonia  m  presence  of 


hydrogen  p  ruxnie.  « 

Samarium  ohloride  8aCl,,  prepared  by 
meUiods  geuMrally  applicable  tor  tne  anhydfous 
chlorides  of  rare  earth  metals  (f.  Cerium, 
LANTiiAWtJM,  &c.)  is  a  yellowish- white  powtler, 
sp.gr.  4-4ti5.  ntclting  at  680**  to  a  darlc  brown 
liquid.  The  dry  salt  absorbs  ammonia  forming 
s  series  of  additive  compoimds,  with  I,  2.  3,  4, 
5.  8,  9  A  and  11*5  NHg  (Cbmpt.  rend.  IINNS,  IdO, 

The  byflnto  SaC9„6H,0,  sp.gr.  3*382,  crys- 
tallises in  vellow  plates,  tho  platini-  and  MUl- 
ehlorida  are  !SaCl,.Ptn,.10  .'tHjO  and 

Saaj.AuCla.loHjO, 
respectively  (Cleve.Bull.  Soc.  chim.  1885,  fii.]  43, 
63;  Cliem.  Mews,  i886»  63,  30,  dfi,  67,  80.  91, 
100;  Hme  memoin  oontam  desoriptions  of 
many  other  samarium  Milts). 

Samarium  dichloride  8aCI,,  a  dark  brown 
crystalline  mass,  sp.gr.  3-687/22*,  insoluble  in 
alcohol,  but  decomposed  by  water  yielding 
samaria,  samarium  oxychloridc,  and  hydrug(!n. 
!■  of  interest  as  being  the  only  chloride  of  the 
face  earth  series  in  which  the  metal  is  apparently 
liivaleDt ;  it  is  produced  by  reducing  the  anhy- 
drons  tiiehloride  at  high  temperatuies  with 


fitmi»i««ce«ce  (Demar^ay,  1900,  130,  1186). 
Arc  spectrum  (Exner  and  Hasolielc,  Die  Wellon> 
liLnpen  der  Bogenspektra,  1904).       C.  'i'.  >!. 

SAMARSKITE.  A  complex  rarc-carth 
mineral  consisting  of  columbate  and  taatalate 
of  cerium  and  j-ttrium  earths  with  fetroas  oxide 
and  10-13  p.c.  of  uranium  oxide.  It  breaks 
with  a  brilliant,  conchoidal  fractxire,  .showing 
a  velvet-blaciE  colour  and  pitchy  lustre ;  sp.gr. 
S^-ff'S.  It  is  foimd  as  orthoriioinbie  eryatab 
embedded  in  felspar  in  the  Ilmen  Mountains, 
UraLi,  and  in  Bome  abvnvdance.  &»  ma.s.->ci<  up  to 
20  lbs.,  in  tho  NViseman  and  Grassy  Creek  mica 
mines  in  Mitchell  Co.,  North  Carohiia.  Recently, 
it  has  been  found  as  irregular  fragments  and 
mass^  up  to  200  lbs.  in  pegmatite  in  the  Sankara 
mica  mine,  liellore  district.  Madras  (G.  H. 
Tipper,  Reo.  Geo!.  Survey,  India,  1911,  41,  210). 

I*  J«  & 

SAMBUNIGRIM  v.  Gluoosidxs. 
SAMSOilTB.  An  ezpkMiTe  consisting  of 

nitrnirlyeorin  (57-60) :  nitm-cotton  (3-4);  potas- 
sium nitrate  (17-19) ;  wood  nual  (.'5-7);  ammo- 
nium oxalate  (12>6-14*S). 

The  same  name  has  also  been  applied 
(Werner  and  Fraatz,  Ceutr.  Min.,  1910,  331)  to 
a  minowlwiththeoompoaitton  8Agt3'Mn8'Sb^» 
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found  as  small,  munuciiuio  crystals  in  the  | 
Sara  son  mi  ad  «t  SiL  AndnMbeig  in  the  Harz 
muuiitains.  L.  J.  S. 

SAMSU.  A  fermented  drink  of  Bastecn  , 
Ama  nude  from  rioe. 

SAIATOGBN.  A  preprntion  ooaaiBting  of 
a  sodium  OKBin  oooponna  of  glyovrophofiiliorio 
aoid.  I 

8AHD.    {StMe,  Ft.)  An  aooumuUtion  of  < 
grains  of  mineral  matter  resulting  from  the  dis-  I 
integration  of  rouics.    It  is  generally  silicious,  I 
oinco  quartz  is  the  most  abundant  rock-con-  ' 
stituent,  and  by  its  hardness  and  chemical  ! 
stability  survives  after  the  aasociated  minerals  ' 
have  disappeared.    The  microscopic  studies  of 
Sorby,  I^tuiii|ii8,  and  othen  have  shown  that  in  1 
aome  wanda  %  growth  of  orystalline  quartz  I 
surrouiula  the  original  wator-wom  grains,  the 
secondary  deposit  and  the  nucieuii  beuig  iu 
optical  oontinaity  (Quart.  Joum.  Gcol.  Soc. 
1880.  36,  40;   1881,  31,  21).    In  sands  derived 
from  gramtiQ  ruck^  and  crystalline  schists, 
the  quartz  is  often  associatixl  with  ^«ins  of 
felspar  and  aoake  of  mioa ;  and  A.  £iok  has 
pointed  out  the  ooonmnoe  in  raeh  Mmda  of 
zircon,  rutilf,  and  t<nirmalino  (Nature,  1887, 
36,  01).   Many  sands  are  coloured  yellow  or 
blown        ferrio  hydfaite,  while  others  are 
speckled  with  dark-green  grains  of  glauconite. 

*  Black  sand  *  usually  contains  magnetite,  ilmen- 
it<',  or  cassiteritc  ;  tho  titanifcrous  irt)n-.san<!  of 
Taranaki,  in  New  Zealand,  and  that  of  the 
coast  of  Labrador,  have  been  used  as  ores. 
Sands  rich  in  nionazito  (q.v.)  supply  jjractically 
the  whole  of  this  mineral  usea  oommenualhr. 

*  Gem-nuMti '  vary  in  nature  aoootding  to  the 
character  of  the  rock-s  which  yielded  thcni.  but 
frequently  contain  garnets,  spinels,  and  ziioouH.  i 
By  syatematioalty  panning  and  examining  the  | 
heavy  residues  or  concentrates  from  ri\  er-iWind.-j, 
many  useful  minerab  (gold,  pluliuuin,  a&ti^i-  ■ 
terite,  rnuiiazite,    &c.)  mav  ho  detected  and  j 
traced  to  their  eouroea,   ^  Vokanio  sand '  is  | 
oompoeed  of  finely  diTided  lava.  j 

Most  .-laiid.^  have  been  deposited  as  .sediments 
in  water,  cither  fresh  or  salt ;  but  there  are  ako  | 
aooumulations  of  wind-drifted  materide.  known  I 
as  JEolian  mtids,  occurrintf  as  dune^  al(»ng  the 
coast  (»r  m  the  interior  ot  dut»ertii.    The  graiua  ; 
of  de?iert-sand  are  usually  much  more  rounded  : 
than  thoHc  of  water-borne  sand.    Blown  sand 
exerts  oouHiderable  abrasive  power,  wearing  any  I 
i.H()l;il«'d  rorliJi  into  ch;iraeti_Tistic  Inrnw.    The  ! 
eroding  action  of  blown  sand  is  taken  advantage  { 
of  in  tne.  tandJUast,  introdnoed  by  B.  C.  Tilgh- 
man.    By  this  proces.';.  glass  and  ntone  may  h>- 
rapidly  engraved  or  cut  by  the  action  of  a  jet  , 
of  sand  projected  with  gnat  velocity  by  means  ' 
of  steam  or  oompreflsc<l  air. 

Silicious  sand,  as  fret*  a«  possible  from  iron, 
is  valued  in  tho  nmnufacturo  of  glass.  Glass-  ; 
sand  is  dug  near  Keigate  in  Surrey,  Lynn  in 
Norfbllc.  AO.,  and  ia  largely  imported  from 
Fontninchlemi.  it\  France.  Excellent  sand  nc .  ur^ 
at  Gweedore,  in  county  DoncKal.  »Saiid  la  also 
uflcil  in  tho  preparation  of  mortar,  .nar^-lime 
bricks,  and  artificial  stonr-,  fur  which  puriwse  , 
it  should  bo  .iharp  aud  clean  ;  for  poliahing  and 
scouring  ('atlver'Saad '),  and  for  a  variety  of 
purposes. 

Sand  is  largely  used  as  a  ff>/M^f<^mg  wifc^ari*^ 
for  fottadiy  wiork.  The  best  moulding  land  is 


argiOaoeonB,  oontaii  r  in  some  caeae  as  much 
as  6  p.c.  of  clay.  Where  a  .«tmng  adhesive 
material  is  required,  u^i  fur  cure^  in  ciisting,  a 
clayey  sand  is  especially  needful.  The  foundry 
sand,  or  loani,is  usnally  prepared  by  eifting,  and 
may  often  be  advantageously  mia»d  wHh  coke 
dust.  Faeinj;  sand  should  l>e  coated  with  car- 
bonaceous matter,  such  as  {lowdered  charcoal  or 
graphite. 

Fnlffuriks,  or  '  liphtniiiL'  tidx's,'  arc  occa.«ion- 
ally  formed  when  light  rung  strikeji  a  sandy  soil, 
the  quartz  becoming  vitrified  by  the  heat,  and 
so  forming  natural  tubes  of  silica-glass. 

For  a  brge  w»!lertion  of  analyses  of  sands,  see 
Mineral  Kct^oui  f  the  United  States,  for 
1909,  1911,  part  xi.,  p.  52d.  L.  J.  S. 

SANDAlTSANDlX.,  or  BAMTAL  WOOD  «. 

SANDALWOOD  CAMPHOR  t.  Camphoks. 
SANDARAC,  SANDARACIN  v.  Keshns. 
SANDERSWOOD  ( li'd  Saunder-iuood,  SanUiU 
wood,  Saiiddwood).    This  dyestull  is  classed 
along  with  Barwood,  Camwood,  and  Caliatour 
or  Caritdour-teood,  since  they  all  possess  very 
similar  dyeing  properties,  and,  owing  to  the  in- 
solubility in  %vat<-r  of  the  resinous  eolourln^ 
matters  they  contain,  they  are  cailtHi  tho 
lubU  red  tcoods.    They  cannot,  therefore,  bo 
made  to  yield  commercial  extracts  like  tho 
'  ttolublu  rud  woods,'  Brazilwood  and  il^  aUies. 

Santalwood  is  the  product  of  Pterocarjnts 
santalinus  (Linn.),  a  ]pa]^onaoeou8  tree  growing 
in  tropical  Asia.  It  is  imported  from  the  Esat 
Indies.  Ceylon,  the  coasts  of  Coromandel  and 
Malabar,  Goloonda,  Timor,  Madagascar,  &o.  It 
oecuia  in  oommeroe  in  the  form  of  hard,  heavy 
billets  of  a  dull-red  colour.  In  the  state  of 
powder  it  gives  oil  a  faint  aromatic  odour  like 
that  of  orris  rxjot,  sjiecially  noticeable  when  it  is 
heated,  or  boiled  with  water.  It  yields  to  alcohol 
alx>ut  it»  p.c.  of  colouring  matter  (Pelletior),  in- 
soluble  in  cold  water,  sparingly  soluble  even  in 
boilia^  water*  but  veiy  aoluble  in  alcohol,  ether, 
aoetio  add,  and  the  eanstio  alkalis. 

Baricood  is  the  wood  of  a  fine  larpo  tree. 
Baphia  nitida  (Lodd.),  and  is  imported  ^m  tho 
west  coast  of  Africa,  e.g.  Sierra  Leone,  Angola,  Ac. 
In  the  log  its  pliysical  properties  arc  generally 
bimilar  to  iXioaa  of  i^autahvood  ;  in  the  raspetl 
condition  it  has  a  somewhat  bright'cr  red  colour, 
and  it  is  devoid  of  aromatic  odour.  Boiling 
water  extracts  about  7  p.c.  colouring  matter, 
alcohol  about  23  p.c,  and  hydratt  d  ether  alx)ut 
19  p-c  (Uirardin  and  PrciRscr).  In  caustic 
alkalis  the  ooKmrini?  matter  is  readily  soluble. 
\nth  a  reddish-pnrple  colour,  and  is  procipitAtc<l 
therefrom  on  atidition  of  acids.  Acetic  acid  gives 
a  dark'broAvn  coloured  extiaot. 

Crimtcood,  stated  by  &ome  to  be  derive<l  from 
a  variety  of  Baphia  nitidn,  is  a  dycwood  similar 
in  general  properties  to  thoBC  already  mcntiom  d, 
but  somewhat  more  expensive  and  yielding. 
dceiKT  stndee  in  dyeing.  Its  oolourinur  matter 
seems  to  be  present  in  larLu  r  amount ,  or  it  is  more 
soluble  than  in  the  other  woods.  It  is  imported 
from  the  weet  coast  of  Africa,  the  Gaboon  and 
Copfrn  river?,  t^c. 

Caliatour-icood  seema  to  be  a  ;>oinc\vhat  more 
expensive  variety  of  ganders  wood,  and  pos.ses8e8 
a  simihur  aromatic  odour.  It  is  import^  from 
the  East  Indies,  and  goes  chiefly  to  the  Oonti- 
nent. 
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The  chemistry  of  these  dyewoods  is  unsatis- 
factory, being  iucompletely  studied,  but  from  our 
present  knowledge  concerning  their  application 
in  djreing*  the  useful  colouring  prinoipka  ihoy 
contain  am  evidently  very  closely  related  to  each 
other. 

Sandd-red  is  the  name  jnvm  to  the  red 
resinous  colouring  prinoipte  nSBt  obtained  bj 
I'ellctur  on  the  evaporraon  of  an  alooholk 
extract  of  sanderawood. 

SatUalic  aeid  or  earUalin,  obtained  by  Vtaa, 
is  a  purer  form  of  *  sandel-red.'  It  is  prepared 
by  extracting  sanderswood  with  ether,  and 
evHixjruting  the  solution  to  crystallisation.  Tlu' 
impuro  product  thoa  obtained  is  washed  with 
water,  oiseoliwd  in  akohol,  and  precipitated 
with  an  alcoholic  I^ition  of  lead  acttatf.  The 
precipitate  is  well  \\'ai«hed  with  builiug  alcohol, 
then  8uspende<l  in  alcohol,  and  decomposed  by 
dilute  sulphuric  acid  ;  the  filtrate  from  the  lead 
sulphate  is  then  evaporated  to  cr3'stalli8atiuu. 
Thus  obtained,  Mt'icr'a  santalin  forms  minute  red 
CEYBtals  (m.p.  104*),  insoluble  in  water,  but  very 
iohible  in  alcohol  with  a  blood>ied  colour ;  solvbfe 
ulsc;  in  ether  with  a  yellow  colour,  which  becomes 
rtxl  on  exposure  to  air.  It  dissolves  in  acetic 
acid,  also  in  concentrated  snlphuric  acid  %vith 
a  dark- red  tint,  and  in  caustic  alkalis  Mith  n 
purple  colour.  The  formulss  assi^ed  to  santaiie 
acid  are  C,,H,40,  (Weyenuaim  and  EKikflUy), 
and  C,,H„0,  (Pelletier). 

StaUalic  oxide  is  a  substance  extracted  by 
Meier  alon;.'  with  the  santalic  aeid  by  means  of 
alcohol.  By  extraction  with  water  be  obtained 
other  bodiee,  which  were  named  aonislMle,  aaa* 
tnln'idi .  iU'l'de,  and  eanlaloidide.  All  these 
are  amorphous  resinous  substances  whose  exist- 
ence as  distinct  cbemieal  individnak  ie  very 

doubtful. 

lioUey  prepared  the  colouring  matter  of 
sanderswood  by  exhausting  it  with  alcohol  and 
pceoipitating  the  concentrated  eolation  by  addi- 
tion  of  water ;  abo  by  extracting  the  wood  with 
dilute  caustics  alkali,  precij)i(.if  ing  with  acid,  din- 
solving  the  precipitat<o  in  nloohol,  and  precipi- 
tating the  solution  with  water.  Fhom  ttialyses 
of  several  samples  of  eoloiirinfr  matter  prrparrd 
accordiug  to  these  two  mcthodi*,  Btjliey  con- 
cluded that  the  ctdonring  matter  exists  in  two 
states  of  oxidation,  according  as  it  is  obtained 
from  young  and  pale-colounxl  wood,  or  such  as  is 
old  and  ilark  coloured  ;  prepareti  fmm  the  latter 
ho  found  it  to  contain  more  oxygen  and  leea 
h}'drogen.  He  noted  farther  that  alkalme  eohi- 
tions  of  the  colouring  matter  become  darker 
coloured  on  exposure  to  air,  evidently  beoause 
oxygen  is  absorbed.  Other  observers  have 
remarked  that  the  freshly-cut  young  branches  of 
sAudcrtiWood  exhibit  in  their  interior  a  ycUow 
colour,  which  only  becomes  red  on  expoeme  of 
the  sections  to  the  atmosphere. 

Wimmer  states  that  santalin  is  aeeomyMnfed 
by  a  l)ro\Mi-co!r)ured  hitt*  r  ]iriiiri])le  subible  in 
boiling  water,  also  a  brown  resinous  colouring 
matter,  MttUdUdine,  more  solnUe  in  the  various 
solvents  than  santalin,  of  whioli  it  appears  to 
be  an  oxidation  product. 

SanUal  was  obtained  by  Weidel  by  extracting 
sandentwood  with  dilute  cauHtic  alkali,  and 
neutralising  the  filtered  solution  with  hydro- 
chloric acid,  'riie  \()luii)i>i(i\i.s  l)rick-rc<i  ]jrrci- 
pitato  tluu  obtained  was  washed,  dried,  and 


extracted  with  ether.  Tlie  dark-rod  ethereal 
solution  was  concentrated,  mixc<l  with  alcohol, 
and  then  allowe<i  to  evaporate  .^Knitancously, 
when  almost  colourlesa  orystab  of  santAl 
separated.  These  were  purtfled  by  washing  with 
a  little  alcohol  and  recrystalli.sing.  This  method 
yielded  about  1|  grms.  santal  per  pound  of 
wood.  Santal  dystiallises  from  hot  alcohol  as 
colourless,  lustrous,  iridescent,  quadrangular 
plates,  to  which  the  formula  2CgU,0„  3HtO 
was  assigned.  It  is  insolnUe  in  hot  water, 
carbon  disulphide,  benzene,  or  chloroform,  and 
only  slightly  mluble  in  alcohol  or  ether.  It 
di,s8<jlves  .somewhat  sjmringlv  in  ammonia,  but 
very  readily  in  dilute  causlic  potash  or  soda, 
with  a  pale-yellow  eoknir.  Its  ahmholie  solo- 
tion  assume  a  red  colour  on  addition  of  fcrrie 
chloride.  In  conceutrutcxl  sulphuric  acid  santal 
dissolves  with  a  lemon -yellow  colour.  Nitric 
acid  gives  an  olive-coloured  .'■olution,  from  which 
water  prt-cipitatta  yellow  llocks.  With  bromine 
santal  yields  a  granular  crystalline  product 
slightly  soluble  in  aloohoL  When  santal  is 
f  nsed  with  eanstto  potash  tmtil  the  melt  no  longer 
di.-ssolves  in  water  with  a  reel  colour,  it  yields 
protocateohuic  acid.  Wcidel  cousid^  santal  to 
be  isomerie  with,  and  probably  dosely  lebted 
to,  piperonal. 

By  the  further  and  long-continued  extrac  tion 
with  ether  of  the  brick-red  resinouH  precipitate, 
mnddwood  resin,  thrown  down  by  acid  from  the 
above-mentioned  alkaline  extract  of  the  wood, 
J.  Weidel  obtained  in  snuill  ({uantity  a  substance 
Cj4U|t04.  On  evaporating  tho  ethereal  eoIu- 
tkm  it  was  deposited  as  a  rra  orytrtallme  powder, 
having  a  gret-n  metallic  luHtrc.  It  is  insoluble 
in  boUing  n-ater,  very  .slightly  soluble  in  ether 
or  even  in  hot  alcohol ;  in  the  latter  with  a  red 
colotir.  In  ammonia  and  the  caustic  alkalis  it 
dissolves  with  a  reddish-purple  colour,  from 
which  calcium  chloride  precipitates  a  purple 

Oitate.  In  concentrated  sulphuric  acid  it 
res  with  an  orange  colour. 
It  has  been  ."suggested  that  ^^'  i  1  l"s  santalin 
is  a  purer  form  of  the  resinous  colouring  jiiatters 
analyse<l  by  Bolley,  Wcyermann,  antl  Hiiffely, 
an<l  is  ]irol>ably  produced  duriTip  the  oxidation 
uf  haiitai  in  alkiilinc  solution.  ^»an^leiwooU  re«in 
when  heated  with  zinc-dust  yields  a  small  quan- 
tity of  an  oily  distillate  in  wliich  no  anthracene 
can  be  detected.  Pnsed  with  cau.^io  alkali, 
it  yields  catc*  In  1  nul  res*>rciiioI.  Judging 
from  its  slight  solubility  in  alcohol  and  its 
cbsmoteratio  green  metallic  lustre.  Weidel's 
substance  C,^n■^JO^  can.  however,  hardly  be 
identical  with  the  santalin  or  santalic  acid  of 
Meier.  A  partial  tepetiticm  of  Weidels  investi* 
gat  ion  was  subsequently  carried  out  by  A.  Herz 
and  A.  G.  Perkin  (employing,  however,  oarwood), 
and  as  a  result  the  individuality  of  tho  .sub- 
stances described  by  this  author  has  been  con- 
firmed. Whereas  by  thh  method  santal  was 
produced  in  some  quantity,  the  crj-stallino 
colouring  matter  'C,4Hj204'  could  only  be 
isolated  in  extremely  meagre  amount.  Inei* 
dentally  also  the  well-defined  rnmpounds 
rttrocarpin  and  Hoinopterocarpin  «»f  (Jaseneuve 
and  Hugounenq  (see  bdow)  w«ie  isolated  from 
sanderswood. 

Franchimont  and  Sicbercr,  by  adopting  a 
method  similar  to  Meier's,  but  extrat  tiiiu'  in  tlie 
first  instance  with  alcohol  instead  of  ether,  boiling 
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the  product  eventually  obtoinod  with  hvdro-  •  of  baphiin  and  lead  acetate.  It  is  also  the  chief 
ehlono  acid,  nnd   oiyitallising  from   dilute  .  product  of  the  aetkm  of  boiling  dilute  oaiutio 

alcohol,  obt-aiiu"!  from  HandcrHWoml,  and  inon-  |M»tJish  mi  Liphiin.  Ba])hinitiii  forms  white 
abunUautly  fruin  cHliHtour-\viio<l,  an  aiiuirphous  ^  needier,  soluble  in  alcohol  or  in  clhcr,  but  in- 
odcnunng  matter  C',.H,,0,  (m.p.  104*^-105°),  soluble  in  water;  it  has  tiie  mme  odour  as 

apparently  identical  with  »antalin.    It  is  rentlily    baphiin  but  stn'tiprr. 

eoiublu  III  alcohol,  acetic  acid,  caudtic  nnd  BaphinUont  CjiHg^Oc  Ou  Lulling  Uiphtiit 
earbonatc<l  alkalis,  i:j>nrii)gly  solvhlB  in  ether,  with  a  strong  aqueous  solution  of  caustic  potash 
and  insoluble  in  chloroform  or  carbon  disul-  without  access  of  air,  an  insoluble  residue  is  left 
phide.  J\ised  with  caustic  tx)t««h  it  yields  acetic  which  contains  three  substances:  (1)  baphi* 
acid,  r<.<uni!ioI,  and  pmljably  also  protocatechuic  nit  in,  moderately  sulu  hie  in  alcohol  or  ether; 
acid  and  catechol,  together  Mrith  a  minute  quan-  (2)  baphinitone,  very  readily  soluble  in  these 
tity  of  a  ▼olatilc  product  smelling  like  rose-  i  liquids  ;  (3)  a  small  quantity  of  an  unexamined 
wood.  subetJiiiee,  ni.p.  101-1°.  v  rv  sparingly  soluble 

HcjiU  il  to  180°  with  concentrated  hytlro-  even  in  hot  alcohol,  nnd  separating  therefrom  in 
chloric  acid,  it  yields  methyl  chloride  ;  alcohol  granular  crystals,  liaphinitotie  is  extracted 
(lis.-.olveH  from  the  residue  in  the  tube  a  sub-  from  the  above-mentioned  residue  insoluble  in 
atancc  C^HjoOj,  and  leavca  belaud  a  lustrous  caustic  potash,  by  treating  it  with  cold  alcohol 
black  mass  soluble  in  caustic  alkalis  ;  ether  with-  in  which  it  readdy  dinsolves  along  with  a  very 
drawB  from  the  bydrooblorio  acid  solution  a  sub-  i  small  amount  of  baphinitin.  The  aolution  is 
Btanoe  ccTBtalliBinB  in  oolourleeB  needlea.  The  I  evaporated,  and  the  treatment  with  alcohol  hi 
same  substance  is  <>i)tnine<l  liy  diluting  the  hydro-  repented  until  the  erystals  tbu.s  obtained,  after 
chloric  acid  with  water  and  distilling.  The  dis-  I  drying  over  sulphuric  acid,  have  a  melting-point 
tiUate  gives  with  bromine  water  a  precipitate  of  I  of  aMut  88*.  Baphinitone  crystallnee  from 
UwtroiiK  needles,  m.p.  81°.  alcohol  in  hemispherical  masses  composed  of 

When  the  original  colouring  matter  is  boile<l  white  lustrous  radiating  crystals  insoluble  in 
with  dilute  nitric  acid  it  oxalic  acid  and  Mater. 

a  yellow  bitter  substance,  ^lobabW  piorio  or  |  Tribromo-baphinitone  Ca^iaBr,0«  is  ob- 
styphnic  acid.  By  oxidation  m  dine  solution  !  tained  by  mixing  ethereal  sorationsof  baphinitone 
with  ]KjtHs-,iuin  }H  rmanganate  it  yields  a  crys-  ami  broniino  ;  on  evaponuiiiL;  off  the  ether  it 
taUiue  substance  having  a  strong  odour  of  i  remains  as  a  white  substance,  which  may  be  puri> 
vaidlHn,  abo  oxalie  and  aoetio  aoida.  '  fied  by  washing  with  alcohol  or  ether,  in  indch 

An  r  n  extracted  ground  bnrwood  with  it  i.s  almost  in.'-ohible.  It  separates  from  a  hot 
anhyUruurt  methylated  ether  free  from  alcohol,  elherual  solution  in  small  eranule^.  which  melt 
At  6rat  the  solution  it*  dark  rod.  but  ultimately  |  with  sudden  blackennig  at  180-2*. 
it  iKcomrs  almost  colourless.  By  spontaneous  i  Baphiin.  baphinitone.  and  fubstanee  (3) 
evapuration  of  the  concentrated  ethereal  solution  ;  above  referred  io,  arc  all  coloured  orange-yellow 
a  small  quantity  of  bapkic  acid  is  depctsiied  in  l>y  sidiihurie  ai  iil  ;  -with  nitric  acid  an  oranee- 
tfae  form  of  tabular  oryatals.  After  further  j  red  ooluur  is  obtained,  which  oluuigee  ^praduMiy 
evaporation,  mixing  the  oonoenlarated  extract  I  to  green.  Vrom  the  deseriptkm  given  by 
with  alrohol,  and  allowing  to  stand  for  s;orae  Anderson  of  thi  se  mb.stanres  it  seems  possible 
days,  there  is  dej>osit( d  a  cryst«Ume  magma  of  |  that  whereas  baphiin  may  be  santal,  baphinitin 
(apAi'moonfaminated  with  a  solid  red  couraring  I  and  baphinitone  in  reality  respectively  oooaist 
matter  and  some  dafk  visoous  ooloaring  matter  :  of  pteroenrpin  and  hnmnpterncarpin. 
not  yet  examined.  In  adtiition  to  the  above-mentioned  sub- 

After  exhaustion  with  ether  the  wood  is  ez*  '  stances,  l>arwood  contains,  aooording  to  Ander- 
tractcd  with  alcohol,  and  after  highly  oonoen-  son,  at  least  three  colouring  matters.  Ether 
trating  the  solution  it  is  left  at  rest  for  some  extracts  from  the  wood  tvo  of  these:  one  (a) 
time,  when  it  congeals  to  a  semi -crystalline  which  is  le-s  s<iluble,  and  \\hieh  tenaciously 
masa  which  contains  a  viscous  red  oolouring  adheres  to  the  baphiin,  and  another  (&)  M'hich  is 
matter  and  a  dystalline  conatituent  not  more  soloUe  and  easily  removed  from  it.  When 
examined.  the  e?ttrnrtion  with  (  ther  is  eomplcted.  alcohol 

Baphun  CjiHjflO,  (m.p.  aliout  200")  crys-  will  dissolve  I'Ut  a  thinl  eolourmg  matter  (c). 
tallises  from  alcohol  in  the  form  of  lustrous  All  are  insoluble  in  benzene,  and  give  purple 
tabular  crystal.^)  having  an  odour  of  orria  root ;  lakes  \\  hh  lead  acetate,  and  purple  solntions 
from  ether  it  cryntallises  in  tufts  of  needle.s.    It    with  alkalis. 

is  insoluble  in  water,  and  very  sparingly  soluble  The  solubility  in  ether  of  the  colouring 
in  benzene  or  in  carbon  fUsulphide.  In  al>  matter  (a),  which  is  a  hright>red  powder,  dimi- 
ooholio  solution  it  rapidly  oxidiase  on  exposure  nishee  after  exposure  to  air.  Any  adhering 
to  nir.  piodneing  orange-rod  or  pale-porple  baphiin  is  rcmove<l  from  it  by  im  ans  of  Imiling 
colour.H.  .  benzene.    The  colouring  mailer  (b)  is  eryt»t«llinc. 

Baphic  acid  C,4H2jO,  or  Cj^HsjOn  Is  pre-  and  dissolves  readily  in  boiling  alcohol ;  if 
pared  by  iMiilinu  bnpluin  with  dilut**  ean=:tir  hydrochloric  acid  bo  added  to  tlie  .solution  the 
(xitash,  niid  adiliny  liydrochloric  acid,  when  it  is  colour  Licomes  darker,  if  then  ammonia  or 
thrown  down  aa  a  yellowish- white  precipitate,  caustic  potanh  be  added  the  colour  changes  to  * 
Crystallieed  from  ether  it  forms  white  nacreous  deep  pink,  when^as  the  final  colour  of  the  aolu- 
scales,  very  soluble  in  ether,  slightly  less  so  in  tion  of  the  colouring  mattt-r  (c)  under  similar 
alcoh*  !.  and  insoluble  in  water.  treatment  \»  deep  jnirple. 

Baphinitin  C,4H,40,  is  throvi-n  down  as  a  According  to  A.  Q.  Ferkin  (Chem.  Soc, 
crystalline  pret  ipitate  on  the  addition  of  water  Trans.  1893,  68,  976)  an  aloobolie  solution  of 
ttj  the  tiltmte  frf»m  tlir  precipitate  of  lead  b  i  I  r<iiiii;ii  reial    santaHn     Lives    i^ith  pnta^^ium 

which  is  formed  on  mixing  alcoholic  solutions   acetate  a  deep  maroon-coloured  precipitate. 
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This  which  appi>ars  to  bo  a  potassium  salt  of  the 
ooloaring  mAttcr  him  tho  corn  position 

Cbchenhfttisea  (ZeitBoh.  tmgev.  Chem.  1904, 

17,  883)  considers  thiit  santaliii  does  not  exist 
in  the  ^eah  plant  iti  the  free  condition,  liut  m 
gloooode.  Tim  young  ^wiohes  <tf  the  Fttro- 
carpus  tanialimis,  for  iii;stf»n<"e.  possess  in  the 
oentro  a  yellow  culuur,  which  on  exposure  to  air 
develope  a  rod  tint  (c/.  Bolley,  Le.), 

Oun  and  May  (pteliminaiy  communication. 
Seventh  Annual  Congress  of  Applied  GSiemistry, 
1909,  iv.  B.  S5)  isolated  HAutalin  from  sanders- 
wood  by  Meier's  meibod  {Lc),  wad  deeoribe  it  aa 
red  mieroaooplo  needles,  m.p.  815*.  Vtom  the 
results  of  thrir  Analyses  thpsc  nuthors  conclude 
that  tho  correct  formula  of  santalin  ia  given  by 
Woyermann  and  HaSely  {Ix.)  Oi.Hi«0|,aadth»t 
the  substance  contains  one  methoxy  group. 

Plerocarpin  C2oH|,0,  is  a  crystalline  sub- 
stftnco,  different  from  WeideTs  santal,  obtained 
by  Cazemeuve  And  Uugounenq  from  saodelwood, 
to  the  ainottnt  of  about  0*1  p.c,  aa  folloiva. 
The  rasped  wood  inixed  frith  one-fourth  it* 
weight  of  slaked  lime  i»  made  into  a  paste  with 
water,  then  dried  and  eixli»oted  with  ether 
containing  alcohol.  On  evaporating  the  solu- 
tion a  crystalline  deposit  is  obtained,  which, 
when  roorystalUsed  from  ether,  yielda  *  nkixturo 
of  platy  cr3r8tals  of  Pterocarpin  and  long  needles 
of  Homopterocarpin^  only  the  htter  of  which 
dlRsolN  cs  readily  in  carbon  disulphide. 

Fterocarpin,  m.p.  152*,  ia  insoluble  in  water, 
•  abo  in  adds  and  alkalis ;  it  is  solable  in  oold, 
better  still  in  hot  nleohol.  hut  is  only  :ir;figl\- 
soluble  in  ether.  It  crystallises  from  chloroform 
in  small  rhombic  prisms,  and  turns  the  polarisod 
ray  to  the  right.  It  appears  to  bo  a  lower 
homologue  of  homopterocarpin.  Fterocarpin  in 
carbon  di.Hulphido  floltttion  gives  with  fatomine 
a  dedvative 

BLA.  A3",  orystallising  from  benzene  aloohol  in 
yieilowish  needles. 

Homopterocarpin  C„H„0*  m.p.  82'*-86°, 
is  sparingly  solnole  in  oold  alooEoL   It  turns  the 

polarised  ray  to  the  left.  Caustic  potash  has 
no  action  uiM>n  it,  but  huated  with  hydrochloric 
acid  in  scaled  tubes  to  120**  it  yields  methyl 
chloride  and  resorcinol  other  (C,H4'0H),0. 
When  boiled  with  fuming  nitric  acid  it  yield.s 
oxalic  acid  and  two  trinitro-ort  inols,  of  which 
one  forms  yeUow  needles,  m.p.  102°,  the  other 
is  liquid,  with  ezoees  of  btomine  homoptero- 
carpin  yirlds  leafy  cry^tala  of  Cj4ir,,Br,0,.  m.p, 
about  270^  and  with  2  mols.  bromine  to  1  mol. 
homopterocarpin  dissolved  in  chloroform,  oolour- 
less  crystals  of  rjiTTj^BrO^  are  obtained. 
The  authors  believe  that  homoplervcarpin  con- 
tains a  Idnd  of  poly-oroin, 

{3[C,H,(OCH,)(OH),1-3H,0). 

A.  Zander  (1886)  patented  a  method  of 
rendering  soluble  the  colonring  matter  of  san- 
derswood  and  its  alliea,  by  treating  the  n  .-^iiHHi-; 
colouring  matter  in  the  cold  with  fuming  sul- 
phurlo  Mid,  until  a  sample  of  the  mixture  dis* 
eolves  in  water,  from  \\hi<  li  tlic  new  rolotiriii'^ 
matter  is  precipitated  by  moans  of  common  salt. 
The  method  doea  not  appear  to  have  any 
piactioiU  valuo. 


The  weIl-kiio\sTi  narra  wood,  Fkrfxarpui  sp]). 
of  the  Philippines,  may  be  cotuiidered  as  a 
variety  of  sanderswood,  as  it  contains  ptero* 
cariiit;,  liumopterocarpin,  and  a  o<il()uriiiL'  niniter 
miri^a  very  i^imilar  to,  but  not  identicui  with, 
suntJilin  (Brooln»  Fiiilippine  Joumal  of  Soienoe, 
1910.  5»  439), 

Narrin  obtained  as  a  dark  red  amorphous 
powder,  does  not  melt  but  tiwells  with  eharring 
at  about  180**.  It  dissolves  in  alkaline  solutions, 
and  these  are  deoolourised  hy  zino'dttst,  although 
the  colour  reappears  on  oxidation  with  air. 
Distilled  ^^Hth  zinc-dust  resorcinol  dimethyl  ether 
is  obtained,  and  by  fosion  with  alkali  phloro* 
glucinol  and  resorcinol  are  produced.  Slow 
oxidation  of  narrin  with  alluiline  potassium 
p*srmanganate  yielded  only  vanillin.  I'ho  dyeing 
properties  of  nanrin  axe  similar  to  those  of 
santalin,  but  a  marlnd  distinotioa  is  ohserved 
as  regards  the  composition  of  the  copper  salts 
of  these  colouring  matters.  Thus  whereas 
santalin  gives  the  oopper  salt  (CigHiaO|J|Cn 
(ru=rlO*M  p.r.)  corrpf  ponding  to  the  potassium 
bait  described  by  Perkin,  the  corresponding 
naxtm  deiivativtt  oontaiiis  but  046  p.o.  oi 
oopper. 

Fterocarpin  melts  at  163*  (not  at  IGS*  as 

previously  Hinted),  and  molecular  wci(;ht  deter- 
minations indicate  that  its  true  formula  is  in 
reality  Ci4Hi,04. 

Homoptorocarpm  melts  at  86**,  possesses  the 
formula  C. ^H.^Oj  (not  Cs4H,404,  I.e.),  and  when 
fused  with  alkali  gives  resorcinol.  Hydriodic 
aoidalso  forms  resorcinol.  and  by  distillation  with 
zinc-dust  resorcinol  dimethyl  ether  is  produced. 

EmphiymcrU  in  dycituj.  In  India  it  is  fcaid 
that  8ander8Woo<l,  ^^-ith  the  addition  of  one-tenth 
of  its  weight  of  8aj>an  wood,  is  employed  in  dyeing 
silk  and  eotton.  In  Euro]K'.  however,  these  dye- 
wood:i  art)  titiver  used  in  aWk.  dyeing,  but  chiefly 
in  the  dyeing  of  wool,  an<l  occasionally  cotton, 
for  which  latter  barwood  is  cxelusively  employed. 

In  wool-dyeing  various  shades  of  bruwn  are 
obtained  by  first  boiling  the  wool  in  a  bath  con- 
taining the  ground  dyewood  for  1-1^  hours 
and  then  adding  to  the  same  bath  a  solution 
of  one  or  other  of  the  following'  mordants: 
potassium  dichromate,  ferrous  sulphate,  copper 
sulphate,  alum.  During  the  ffarst  part  of  the 
operation,  termed  'stuffing,'  thf  wool  absorbs 
a  considerable  amount  of  the  resinous  colouring 
niatter  and  thus  acquires  an  orange  or  reddish- 
brown  colour ;  during  the  second  part,  this 
combines  with  the  metaUiu  oxide  or  mordant, 
and  in  tho  case  of  the  three  first-mentioned 
metalho  salts  tlie  colour  is  chansed  to  a  ver^ 
dark  brown.  Hence  this  part  of  tne  operation  is 
t.Tmed  the  '  sadden iiig.'  The  same  re.sults  are 
more  rationally  obtained  by  employing  two 
separate  baths,  since  then  the  imexhauatcd  baths 
may  Ix-  re|)lenisbed  and  used  again.  If  the  mor- 
danting operation  precedes  the  boiling  with 
dyewood,  similar  bttt  less  intense,  and  not 
such  level,  shades  are  obtained.  Bv  adding 
logwood,  fustic,  and  other  dye  woods  along  with 
the  saiulerswood.  &c.,a vaxielyof bffowns>oUves, 
dbc,  may  be  obtained. 

In  dyeing  vat-indigo  blues  on  wooU  sanders- 
wood  and  barwo^d  arc  commonly  employed  ff<r 
tho  ptirpo.sc  ut  '  btjttoimng.*  llefore  or  after 
dyeing  in  the  vat,  but  usually  before,  tho  woollen 
aiatenal  is  Iwiled  in  a  biath  containing  the 
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harwrirMl  or  Haiidft^wooJ  ;  i>ccA.sIonnIIy,  the  wool 
18  mordanted.  The  object  of  the  dyer  i«  to  im> 
part  a  purpli8h  hue  to  the  indigo  blue,  thereby 
to  intcn  if  ■  tho  colour  somewhat,  and  to  cause 
the  colour  to  Ijc  Icfw  liable  to  rub  oif,  or  tu  wuar 
grey  at  the  Hoams  in  the  ca«e  of  clothing.  The 
two  latter  points  maj-  probably  Ih>  gaine<l  just  as 
well  by  merely  boiling  the  wool  in  water  only, 
previous  to  dyeing  in  the  vat.  In  this  manner 
the  wool  is  eqoftUy  well  softoned  and  rendeied 
move  ttbeorbent,  so  thet  the  vt  wlntioii 
trate«  tht;  Vihre  more  thoroughly,  and  thu>  the 


Red  Sandstone,  the  Permian,  and  the  Trias — pre- 
sent vanoias  iiute  o£  red  and  brown,  due  to  the 
preeenoe  of  ferrio  oxide,  or  its  hydimte,  acting  as  a 

c(  mrnt.  and  fftrmiii;^  a  thin  pellicle  nround  each 
grain  of  quartz.  Green  sandstones,  such  a&  tb<^ 
of  the  Upper  Greonsand  of  Samj,  owe  their 
colour  to  (Jark  grains  of  glaticonite,  gencrallv  the 
internal  ta.sts  of  the  chambers  of  foraniuultra. 
The  bluish  and  greyinh  tints  of  many  sandstonefl 
are  referred  to  the  preaenco  of  fenoua  carbonate, 
or  of  finely-dividea  iron-pyrites,  or  even  to  iron 
jihosphate.  SandstoTu  s  wliicli  aro  *  blue  hearted  * 


precipitated  indigo  ultimatelv  formed  ismclosed  _  usually  assume  yellow  or  bio>«'n  tints  where  ex- 
inthin  the  substance  of  the  fibn»,  and  not  so  apt  i  pooed  to  oxidising  influences.  Grains  or  ctTStals 


to  nib  off.  Tlu^  utility  of  thr»  presi^nre  of  the 
barwood  in  the  bath,  except  for  the  purpose  of 
modifying  the  shade  of  bnie,  is  very  question- 
able. 

Barwood-red  on  ootton,  also  calle<l  sometimes 
'  mock  Turkcv-n-d,'  in  a  bluish  red  oi  mixliuin 


of  irnn-p\Titf  s  in  a  sandstone  are  apt  to  produce 
rusty  blutc  lies  when  weathered.  (On  the  colour 
of  sandstones  r.  G.  Maw,  Quart  Jouni.  GeoL 
Soc.  1808,  24,  351.) 

If  the  component  grains  of  silica  are  sharp, 
thi-  rock  is  termed  a  grit ;  many  gritf-  an^  valued 


brilliancy.   It  ia  produced  by  first  working  the  as  grindstonee,  while  if  very  fine  in  texture  they 


cotton  hi  a  cold  deooetion  of  tannin  matter — e.g. 

Kumaeli — flion  inordantins:  it  l)y  working  in  a 
oold  weak  solution  of  staanio  chloride  or  nitro- 
muriate  of  tin,  and,  after  washing,  boiling  in  a 
bath  with  cmund  Imrwooil. 

All  tlif  col»>ur«  pruduixd  from  these dyowootls, 
whether  on  wool  or  cotton,  are  not  fast  to  light. 
Those  obtained  on  wool  with  the  use  of  mor- 
dants are  fast  to  miUing ;  although  the  colours 
do  not  '  McH'd.*  nlkali,^  tone!  to  alter  tho  hue  of 
the  colours  and  to  render  them  more  purplish. 

At  the  present  time  these  dyewoods  are  being 
rapidly  supersedcMl  liy  tlic  alizarin  eolc)urs,  and 
an^  now  c^lplo^e^l  only  to  a  limited  extent. 

A.  {).  P. 

SANDIVER.  (Fr.  Suint  de  ivrre.)  ITie  snim 
formed  on  the  j»urffteo  of  the  molten  class  in  the 

glass  jxM    ,   I,  i)\\n  al<o  as  I/las'^  t/'ill  fr.  (iLASs). 

SANDtf£y£R  REACTION  v.  Duzo  com- 

TOUinM. 

SANDSTONE.  (r/r,^v^  Fr.).  A  L-ranular 
siliciouH  rock,  consisting  of  oonsoli<iat<'<l  Hand. 
If  the  cohesion  is  imperfect,  the  friable  mass  is 
sometimes-  known  a=i  xmul-rrtrl-.  The  cnnsolida- 
tion  of  tho  sand  may  Im'  elTi ctnl  eiilu  r  hy 
pressure,  or  by  deposition  of  roineral  nialter 
forming  an  agglutinating  medium  between  the 
grains.  When  the  corocnt  is  rilioinus, 
ri'-ultiiiu'  ro'  k  has  great  hanlni'Ks  and  dura- 
bility, but  is  difficult  to  work.  Where  the  grains 
of  sand  are  united  by  ealdnm  earbonate.  a 

calc-areon.<  mn/t.'tonc  is  |iroduerd  ;  suc  h  a  rock 
may  bo  naddy  worked  as  a  freestone,  but  by 
weathering  it  is  a^  to  lose  the  ealoareous 
cement,  and,  becommg  more  or  less  eavemnn- 
in  texture,  tends  to  .suffer  disint«'gration.  In  an 
arfftUaceous  sandstone  the  cement  is  clayey,  and 
the  stone  is  not  generally  durable  as  a  boilding 
matexial.  Tn  a  mtcoemiur  aaiMbtone  scales  of 
mica  are  7)reRent.  and  in  maii\'  oasis  facili- 
tate the  .'»j)litting  of  tho  htoim  tdonji  the  planes 
of  bedding,  as  in  tho  Yorkshire  flagstone.  A 
fcU-pathic  sandMone  c(>ntaii;s  grains  of  felspar, 
either  crystalline  or  more  or  less  kaolinised  ; 
mu(  (i  of  the  millstone  grit  of  Enj2;land  is  of  this 
character,  having  dearly  resulted  from  the  dis- 
integration of  granitic  rocks.  The  t<>rra  arhon 
is  often  apjilio^l  to  a  W!diment«r\  n  ek  made  up 
of  the  constituent  minerals  of  granite,  rearranged 
by  deposition  in  water. 


Many  sandstonea— espeeialiy  those  of  the  Old  .  lencs. 


may  sometimes  be  used  as  whetetoMB.  A  eovse 

frrit.  with  lar^e  trains  o£  qnarti*  may  be  em- 
ployed as  a  millstone. 

It  has  been  shown  bv  F.  Clowes  (Pitoc.  Roy. 
Soc.  44,  30."?:    ISM.  R4,  374)  that  in 

cenaiu  Triassic  sandstonis.  like  the  'hemlock 
stone,*  near  Nottingham,  the  grains  of  sand  aro 
united  by  barium  sulphate.    Certain  sandstones 
aro   impregnated    with   mctallio  oompotmds, 
rendering  them  useful  as  ores  :  tlnis,  the  Ivower 
Keuper  sandstones  of  Alderley  Edge  and  of 
Mbttram  St.  Andrew's,  in  Cheshire,  have  yielded 
coj^por  carbonates,  both  green  and  blue,  «"ith 
guk'ua  and  cerussite,  cobalt  and  manganese  ores, 
and  vanadinitc.    The  wwrkabic  part  of  tho 
metalliferous  sandstone  contained  an  average  of 
i  1*4  p.c.  of  copper;  this  was  dissolveti  out  by 
I  dilute  hydrochloric  acid,  and  precipitate<l  by 
'  scrap  iron  (Green well,  Ftoo.  S.  Wales  Inst.  Eng. 
j  186«,  4,  44:  HtiU,  Geol.  Mag.  1864,  1,  65). 
Nafixi-  copper  is  disseminat^Hi  in  a  grajuilar 
form    through    certain    tiandiitones   at  Lake 
'  Sup«Tior.  ^e  Bunter  sandstone,  near  Commem, 
in  the  Eifel,  contains  valuable  dcyK^isits  of  lead- 
ore,  usually  sulphide,  although  sometimes  carl>on- 
ate,  occurring  in  nodules,  wb«ice  the  XDck  is 
I  termed  KnoUmmindaUin.    Many  iron  ores  of  the 
tho  I  seooadary  rocks,  like  those  of  Northamptotishiro 
I  and  LiiK  olii>hirp,  are  so  silicious  as  to  jmss  intu 
j  highly  ferruginous  sandstones.   (For  analyses 
'  of  sandstones.  «.  J.  A.  Phillips,  Quart.  Jonxn. 
Geol.  Soc.  1881.  'M,  21  ;    J.  A.  Howe.  Tho 
Geology  of  Buihlin^  Sluae.s,  London.  1910;  J, 
Watson,  British  and  Foreign  Building  StoiaeB, 
Cambridge.  1011  ;   for  American  samlstones  t*. 
G.  r.  Merrill,  Sniith.«^nian.  Rep.  for  1886,  part  2, 
443 ;    Stones   for   Building   and  Decoration, 
3id  ed.,  New  York.  1903.)  Y.  W.  R. 

BAMGVnrARIA.   mmiroei.  The  rhixome 
of  Sii i]irii!vnri'i  ca nacfoi^ii  (Linn.)  contains  an 
alkaloid.  6anftninorin€  C.jH  15X04,  said  to  bo 
'  identical   with   ChUrtryinrine,   obtained  from 
celandine  {Chelidoniuvi  majuf  (Ijnn.])  (w.  lias- 
chold.  J.  pr.  Cheni.  [i.]  106,  385). 
SANIDINE  Felspar. 
SANOIORM  tf.  Saucyuc  acii>  and  Sm- 

SANTALENE  Cj^H,,  is  contained  in  Ka^t 
Indian  sandalwood  od  (l^nialum  album  [Linn.]). 
It  is  a  mixture  of  the  isomerio  a-  and  ^•santa* 
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a'SantaUne  is  a  tricyclic  sesquitrr 


forms  a  colourless  oily  liquid  with  a  faini  uUuur. 
118*-190'/9iii]n.,  sp.gr. 0*8984 at20*.  a^^-  IS* 

(100  mm.  tube).  Wht  ii  oxidistxl  with  ozone,  it 
yields  iriqueiU  ekMtUalal  CijiU^^O,  and  when 
traated  wiu  gladal  aeetio  ami  m  a  sealed  tube 
at  180^-190^  it  Hom  an  tMKtMe,  b,p,  16i*- 

1C6V14  mm. 

d-Santalene  aliK>  yields  an  »-niln»ochloride 
C,,H,,KOa.  m.p.  122",  and  Mu-tnntalrnenitrol- 

piperidine  C,jH„<Ji^^  jj,  m.p.  lOSMOfl". 

fi-SankUene  k  a  bioyolio  aesquiteipene  and 
dcMolj  lesemblce  the  «•  eompoand,  b.]>.  128"- 
127*/v  nun.,  Dm  0-892,  0^^—36*,  when  oxidised 

with  ozone  it  yiiLls  hicydic  rk.sanlalal,  anil 
trwitod  wth  gUicial  acetic  aa  above  it  gives  a 
fi'WxiaU  CjjHj.O  COMe,  b.p.  164M 68714  mm. 
^•Santalene  yields  two  nUnmchUmdM,  m.p.  152** 
and  106*  nVjxf  tively,  the  former  b«ng  less 
solulilc  in  ultoliol  than  the  latter.  Each  of 
these  nitrosuchlorides  yields  a  iiifro^pi^Mridtiie, 
m.p.  101**,  and  1MM88*  rsepeotivdy. 

When  iS-santali-iu-  is  tnatttl  with  glacial 
acetic  acid  and  flulj)huric  miid,  it  yields  a  waqui- 
terptne  alcohol  CuH^i^OH,  which  has  a  strong 
odoar  of  codar  and  has  b.p.  leO'-lGSVO  "im. 

Santalene  dihydrochloridt  C,jH,4,2HCI,  ob- 
tained by  the  addition  of  hydrogen  chloride  to  san  - 
taiene  in  methyl  alcohol  has  b.p.  140M42*'/0-65 
mm.,  and  sp.gr.  1*076  at  2(r.  When  boiled 
with  alcoholic  potash,  it  yiiMs  /S-santalene. 
When  treated  with  sodium  and  boiling  alcohol 
the  dihydrochloride  3nleld8  a  mixture  of  hydro* 
carbons  which  when  treatrrl  -with  ozone  gives 
pure  UtrakydroaarUakneC^^U^t,  b.p.  116M18V9 
nun^  sp.gr.  0*864  at  90*.  a^+r  30*  (100  mm. 

tube).  This  hydrocarbori  is  dicydic  and  is 
analogous  to  dihydroeksantalol  and  to  dihydro- 
eksantaUo  aoid  (Semmler,  Ber.  1910, 43,  445). 

lJt«  rntiiri-  on  the  snntalcncs :  Soden  and 
Mulle-r.  i^harin.  Ztit.  1^99.  44,  268  ;  Chem.  Zcntr. 
1899,  i.  1082;   Arch.  Pharm.  1900,  238,  149, 
353 ;  Guerbet.  Compt.  rend.  1900,  130,  4i7,  , 
1324  :  Semmler.  Ber.  1907,  40,  3321. 

SANTALTC  ACID.  Santalin  v.  Sam)KHS\v<.oij.  ' 

SANTALOI4  CibUmOU.  oftea  known  in 
commeroe  as  Cflonorol,  Is  the  ohi«f  eonstitupnt 
of  East  Indian  sandalwood  oil  from  which  it  is 
obtatiied  by  distilling  the  latter  in  steam,  con- 
verting the  oil  in  the  diHtillate  into  the  hydrogen 
phthalate  and  then  hydroly8in<r  this  ester:  or 
sandalwood  oil  is  saponified  and  thu  product 
submitted  to  fractional  distillation  in  mem, 
or  with  superheated  steam.  £y  simnle  fractional 
distination,  the  aloohol  cannot  be  obtaint^  pure 
(D.  R.  PP.  1104S5.  lin.m.5;  Frd!  Is'C  i'k_iO. 
917  ;  see  also  Sotien,  ^\rch.  Phariu.  l<JtX>,  238, 
353  ;  Muller,  ibid.  36U). 

Thus  obtained  it  has  h  p.  Ifir-IGS**  10  mm., 
8p.gr.  0-973  at  20*,  8^^—21"  (100  aim.  tuU).  By 

repeated  fractionation  it  can  be  separated  into 
its  t«o  cihief  oanatitnents^  the  iaomcrio  a*  and  0- 


a^ntetol  is  the  chief  eonstitvent  of  com- 
mercial santalol.  It  is  a  tricyclic  sesquitci [M  tie 
alcohol,  b.p.  30i°-302°,  159°-1G0710  mm., 
•p.gr.  0'978  at  aO»  f«l_+l»  to  +2». 


i  t   at       a^— 42"  (Guerbet,  Compt.  rmd.  1900, 180» 

1324  ;  Semmler,  Ber.  1910,  1894). 

W  hen  crude  santalol  is  oxidised  with  potas- 
sium permanganate  santalal  and  elcMUltalio  aoid 
are  formed  as  chief  products. 

Oanialal,  santal&klehydo  CikU..O,  has  b.p. 
18S*-lfiAV10  mm.,  •p.gr.  OM  at  20*,  Sj^+lS*" 

to  -f  14",  and  ccmtains  a  very  Miiall  quantity  of 
/•suutalai.  HaniaUilsemiiarbiuoHehtia  m.p.  230", 
and  the  oxime  m.p.  104*-106*,  b.p.  182**-186*. 
When  the  latter  is  boiled  with  ac  e  tic  anhydride  it 
yields  the  ni/r^CjjH.jN,  b.p.  im^-im^/i)  mm., 
ap.gr.  0*990  at  20^    ^  14*.  ishieh  when  saponin 

6ed  give8  santaUe  aeid  Ci^ttO*.  h.pw  192*- 
I96V9  mm.  tt  i» 

When  crude  santalol  is  oxidised  with  onme 

and  thi-  ])r(xlnct  distilled  with  steam,  elmtitol 
oxide,  m.p.  157",  and  chitlly  vkMulalul  <J,,Hj,0, 
b.p.  101^^110710  mm.,  are  formed.    By  a 
similar  process  to  that  described  above,  it  can 
be  converted   into  eksantalic  acid  C^fH^^O^, 
m.p.  68",  b.p.  ler-Ui.H"  10  nun.    This  acid  is 
abo  formed  as  above  and  as  a  by-product  in 
the  oxidation  of  santalol  with  osone.   By  tha 
reduction  of  its  methyl  est<r.  fJihijdroeisantalic 
I  acid  18  formed,  b.p.  il>4°-ltH>7 10  mm.,  m.p.  58", 
the  methyl  ester  of  which  when  reduced  yields 
j  dihydrotkeantald  C,  JL.O,  b.p.  130"-132". 
I       When   eksantaial   is   treated    with  ucttio 
anhydride  it  forms  an  enof  aeetaie,  which  on 
i  oxidation  with  potassium  permanganate  yields 
nordfcsantelie  aeid  C,,H,,Oa,  m.p.  93^*  kp. 
;  143"-145"/10mm.  ;  t  Ik  methyl  ester  of  this  acid 

fives  on  reduction  nortluantulcl  C^Mi^O,  b.u. 
14M17*/10  mm.,  which  when  ondised  with 
chromic  arid  pivcs  norrl-mntnlal,  m.p.  92"-94". 
This  yieJda  an  enol  acetate,  b.p.  110"-113"/10 
mm.,  whi<Ai,  iriien  oxidised  with  permanganate  in 
aqueous  acetone,  gives  teresantalic  ociVf  C'loHj^O,, 
m.p.  156",  and  from  this  by  reduction  terewH' 
talol  C,pHi,0,  m.p.  114",  is  obtained.    All  these 
derivatives  are  tricyclic  or  «•  compounds,  but 
may  in  many  oases  be  converted  into  the 
conesjHinding  bi-cyclic  or  /3-  comjiound,  by 
treat  meat  w  ith  hydrogen  chloride  and  tiubsc- 
quent  saponidcation  (Semmler  and  Zaar,  Ber. 
1910,  4X  IHW  ;    S(nimler,  ihid.  1722,  1893; 
^ff.  aliso  .Semmltr.  ibtd.  1JK)9,  42.  584;  ibid. 
1908,  41,  1488;  ihid.  1907.  40,  1120;  Semmler 
and  Barteh,  ibid.  1907,  4U,  3101,  4465;  ibid. 
1908,  41,  385.  866;   Chapman  and  Burgess, 
Chem.  S«>c.  1  Vans.  IWI.  I.t4  ;  Miiller,  I.e.). 

In  addition  huch  hydrocarbons  as  norek- 
sofitaAnte  C,oH,,.  fte.,  have  been  obtained  from 

santalnl  (8eiiinii(  rnnd  Bodr.  Be  r.  HW>7,4t>,  1124). 

When  heated  iu  a  sealed  tube  with  aicoholio 
potaah,  a-santalol  yields  dbsanlolof  Ci,HmO. 

Santnhjl  hafi'dr*  nrv  olitiiinrtl   by  treating 
.santalol  or  sandal-WiK/U  ojl  with  phosphorus 
I  halides  or  with  phosgene  in  prt-sencc  of  bflu<e«,  or 
I  by  heating  santalol  lialogcn  carbonate  (T).  R.  P. 
'  203849 ;    FrtU,   1907-1<»,  918 ;    ISemmJer  and 
Bode,  I.e.). 

Santalyl  chloride  in  an  oil,  l..}i.  1(52"  in7"/15 
mm.  pr<w.sure.  The  halides  are  u  <  d  iu  per- 
fumery an<l  in  mtHlicine. 

Santalyl  nirhrmate  is  prepari*d  liy  lifntiii;:^ 
together  equal  jmrt.s  of  guaiaeol  carljonate  and 


B-Sanlalol  is  ft  bicyclic  wsquiterpinc  alcohol.  I  santalol  in  vacud  at  170"-18t>"  until  no  more 
b.p.  309"-3ii)",  W*-myn>  mm.,  Bp.gr.  0-9716  1  guaiaool  distils  over  or  by  heating  santalol 
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(200  grms.)  with  phenyl  carbonate  (100  grnis.) 
and  oaustio  soda  (2  grms.)  under  dimiuiaiuxl 
pressnre  at  140"-176^.  The  oarbopato  is  then 

puril'u'f!  by  washint;  an;!  n  diswolvilig  in  dihito 
alcohol  (Eng.  Pat.  2U6S6,  IWO). 

Stmkdffl  ethyl  carbonate  is  prepared  by  oon- 
dcnsing  santal  oil  with  ethyl  chlorocarhonate  in 
pyridine.  It  hoils  at  ISO'-ISS^/ZS  mm.,  and 
has  ep.gr.  1-1)10  at  16°. 

8ania^flacetj^  carbonaU,  formed  by  the  action 
of  a  chlorofonn  solution  of  santalol  on  sakcetyl 
chlurcarlxjnate,  in  tho  prfscncc  of  pyriilini',  i.s  a 
pale  yellow  syiupv  liquid,  with  a  faint  aromatic 
odour  BohtUe  fn  enlorolonn,  bemene!,  and  ether, 
almost  insoluM  in  water  (D.  R.  P.  206065; 
Frdl.  1907-10,  \)U}. 

11  1  :italyl  eaters  of  the  fatty  at  icia  C„H,„0,  i 
and  C„N2„_,0j  (wht  re  n^not  k-.ss  than  5)  are 
preiwrcd  in  Lho  t>rdmar>-  waj-  ajid  arc  aaid  to  ■ 
be  free  from  the  objectionable  taste  of  santalol, 
and  of  its  eeten  with  the  lower  fat^r  Mids 
(D.  R.  P.  182627 ;  ¥M1. 1905-7,  942).  for  some 
of  the  lower  esters  .^ee  D.  R.  PP.  20l3n0.  101547. 

Mixed  santalyl  esters  of  dibasic  acids  are 
obtained  by  heating  santalol  with  the  anhydride 
of  the  required  acid  at  I00<'-120°,  and  then 
aUylating^tho  resulting  santalyl  acid  (D.  R.  P. 
2066S7  ;  FrdL  1907-10,  922). 

MethylMintaij^BUceiniitc  is  an  oil  of  •p>gr> 
105b  at  26°. 

MethyUantalylphthalate  has  sp.gr.  1*0&1,  and 
methyl  aaniabiieam^oiuiU  has  sp.gr*  1*04  {*u  > 
alsoD.  R.  P.  lOSQW).  I 

The  santalyl  esters  of  nionnbasic  aromatic 
acids  arc  prepared  by  the  action  of  the  acid  j 
ddorides,  anhydrides  or  estera  on  santalol.  They  i 
arc  non-irritant  and  do  not  posse«fl  the  disagree-  | 
able  ta.ste  of  santalol  or  of  its  acetyl  and  phthaiic 
neid  derivative  (D.  R.PP.  mm,  18725;  PrdL 
1806-7,  939,  941). 

The  eanlalyl  tater  of  allophanie  aeid 
C,5H„C0jNHC0NH, 
is  prrpared  by  the  j/rolonm-d  action  of  cyanic 
acid  on  saat^ilol  in  bctiiuin^  j^ulution  or  by  the 
action  of  urea  chloride,  phenol  carbonate  or 
phenol  allophonate  on  sanUlol  (D.  R.  P.  204922  ; 
Frdl.  19U7-10,  921).   It  melts  at  162*  and  is  . 
tasteless  and  odourless,   is   .soluble  in  most 
organic  solvents,  but  not  in  water. 

iSanlofyf  elAers  an;  obtained  by  treating 
Eantalyl  halide.s  ^\ith  inotal  alcoholates  or  by 
treating  santalol  or  .Hiu iilah\oo<l  oil  with  alkylat- 
ing agents  (D.  R.  l\  2o:J:]-,2).  j 

SanUdul  intthyl  ether,  b.p.  141»°  150°  Ifi  mm., 
and  santalyl  tlhyl  etfier,  b.p.  lO'J^  174^22  mm.. 
Me  colourless  liquids. 

Santalyl  ^ienyl  ether,  b.p.  232V20  mm.,  is  a 
▼iaoid  oit  and  the  men<^f  ^r,  b.p.  201*- 
210* /5  mm.,  i^  a  eolourlc^'  .■^yiu}). 

Santalol  combineH  with  luruialdehyde  in 
presence  of  dilute  mineral  acida  at  gS'-lOO", 
forming  the  compound  CnHjuO,,  a  yellow 
balsam-likc  oil  of  antiseptic  properties,  sp.gr. 
0'882  [«]j)10'9*  at  20"  in  ohbroform.  When 

distilled  witVi  w.irin  unter  it  deconijw.scs  into  its 
oonetilueiiUs  (1).  H.  P.  148944;  Frdl.  1902-t, 
69). 

The  diuUryl  atmnoacttyl  mntalol^i,  obtained  by 
the  actioti  of  halogen  acetyl  santalol  on  secondary 
amincH,  an^  said  to  l»e  valuable  in  medicine 
owing  to  the  fact  that  they  form  solid,  odourless 


and  readilv  a.s.Kiniilated  salts  (D.  Rt  P> 
J.  Soc.  Ubem.  Ind.  I'.tlO,  1474). 

SANTENE  C,H,,  is  a  terpeno  contained  in 
sandalwood  oil  {S'lnttilmn  ulhum.  Linn.)  (Miiller, 
Arch.  Pharm.  1900,  2»«,  3t)H),  in  various  pine 
needle  oils,  Pieea  esneetM  (Lank),  and  other 
oilK  (A<(han.  Ber.  1907,  40,  4918).  Santene 
may  also  be  obtained  by  treating  teresantalio 
acid  with  dilute  sulphuric  acid  (Semmler,  ibid. 
4691),  or  by  chlorinating  ir-norbomeol  and  then 
splitting  off  hydrochloric  acid  (Semmler  and 
Bartelt,  ibid.  44ti6  ;  ibid.  1908, 41. 125).  Santene 
is  optioaiiy  hiactive.  has  b.p.  Sl^-^V^  °^™*> 
sp.gr.  O-803  at  20",  1*46658. 

When  oxidised  in  bcn«'ne  solution  ^ith 
OBone  or  potassium  pcrmaugauate,  it  yields 
Mn<eii«iKfaftm€C,H,40,.  b.p.  r24M2779  mm., 
sp.gr.  1  024  at  20",  1-40668,  its  dioxime  has 
m.p.  129°  and  the  disemicarbazonehas  m.p.216*'. 
The  diketone  is  oxidii,e<l  by  alkaline  bromine 
splution  to  a  krto  and  CgHi,Oj,  b.p.  lT^°-- 
176*/ 10  mm.,  yielding  a  semicarbazone,  m.p. 
182*.  A  series  oif  other  octene  derivatives  have 
been  obtained  from  the  diketone  (S«'mtnkr  and 
Bartelt,  Ber.  1907,  40,  40^5;  ibid,  mm,  41, 
869). 

\Vhvn  treated  with  formic  aoid,  santene 
yields  ir-norbomeol  formate,  b.p.  82*-84*/9  mm., 
whicn,  except  for  its  beinj:  optically  inactive,  is 
identioal  with  the  product  obtained  hy  the 
intetMtkm  of  teresantalio  and  foruie  add  (AmL 
125,  385) 

Santenol  acetate  CgHjjO  t'jH^iO  is  obtained 

by  treating  santene  with  tdaeial  aei  tic  and  diluto 
Hulphuric  acids.  It  has  b.p.  216^-219°;  88°- 
8978  mm.,  sp.gr.  0  9871  at  20°,  1  •45929  at  19*, 
and  when  saponified  forms  tatUentd  C,Hj,0,  b.p, 
lOo^-lSlS^,  probably  identical  with  v-norbomeol. 
Aft«r  di.-iillation,  santenol  forms  a  solid  trhioh 
when  reery.'<(allist<l  forms  clear  tablets  or  prisms, 
m.p.  07°-^°.  Its  phenyl  urcthane  derivative 
has  m.p.  61*-62"  *  when  oxidised  with  chromic 
acid,  santenol  f  ields  a  ketone,  m.p.  68°— 59°,  the 
semicarbazone  ul  which  has  m.p.  226''-220* 
(Aschan,  I.e.). 

Santene  glycol  C,Hj»(OH),  is  formed  by 
dissolving  santene  in  acetone,  adding  a  little 
water  and  some  jxiwdered  pota^fiiuni  j  erman- 
ganate,  the  whole  is  then  distilled  in  steam  and 
the  distillate  extracted  with  ether.  It  has  nun. 
193=,  b  p.  ir5r)°  '10  ram.,  and  when  distilled  with 
sulphuric  acid  yiclda  a  tetone  C,H,,0,  b.p.  76°- 
SOylO  mm.  (Semmler  and  Bartelt,  I.e.  808). 

Santene  hydrochloride  C,Tr,j(1,  tn.p.  SO^  8P, 
Id  fornied  by  passing  hy<lrochloric  acid  gas  in  a 
cobl  t  tbereal  solution  of  santene  (Miiller,  Lc; 

Ai><  /.(■.). 

Santene  tiibromlde  C,H,,Br,,  m.p.  62*-63*, 

is  obtained  by  treating  a  (  hlorotorni  solution  ot 
santene  with  bromine  (Soden  and  Muiier,  Chem. 
and  Druggist,  190O,  67,  282). 

Santene  nltrosochlorlde  C,H,,\'Of:i,  m.p. 
Iu9  -iiU",  is  of  a  blue  colour  and  uae^s  int^i  a 
white  modification  after  a  few  iioure.  On 
heating  to  80'*-90''  the  latter  again  becomes 
coloured  and  has  then  m.p.  llO'-lll"  (Miiller, 
I.e.  ;  Asciiaii.  I.r.). 

i  Stateae  nitrosite,  m.p.  m°-126°.  has  ahio 
^  been  prepared  (MuUer.  I.e. ;  Aschan,  he.), 

SANTONICA.  Worm.'«(d.  (Si:men-eontra,  Fr.  ; 
I  Wurmsament  Uer.)     The  so-called  v-ormseed 
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oonsiats  of  the  minute  unezpanded  flower-heads 
of  Artemisia  maritimOt  variety  Stechmanniana 
(BotMcr)  {v.  Bentl.  a.  Trim.  157).  Thf  sjk'cics  is 
widdy  distnbuted  throu^out  Europe  aud  Aitia ; . 
bat  the  Tariety  which  yields  the  mote  esteemed  | 
Lfvaut  vormaeed  of  commcroi*  is  for  tlie  must 
part  couiined  to  southern  Russia  and  Turkestan, 
ewpeciaJlythfidifltrioiof  tin  lower  Volga.  Thence 
the  druc  enters  European  marketa  by  way  of 
Nijni  Novgorod.  The  sautonica  shrub  emits 
a  marked  oamphoraceous  odour,  which  is  dis- 
tinctly  perceived  ia  the  drug  itself  when  rubbed. 
Tho  taste  is  bitter  and  aromatio  (c/.  Fluckiger, 
Pharm.  J.  [iii.]  17,  449). 

Santomca  is  tised  in  medioine  almost  ex-  , 
cloaivdiy  for  its  powerful  anthelmintic  property 
in  tho  case  of  tho  round  lumbricoicl  worm 
Aecaris  lumbricoidea  ;  but  for  this  purpose  its 
chief  active  constituent,  santonin,  has  quite 
supfrsetled  the  drug  it.si-lf.  Wlifn  santonin 
or  santoiiica  haa  been  admini8t<.Tcd  tho  urine 
aasumos  a  saffron-yellow  colour,  changed  to 
▼ioiet  by  alkslis,  and  in  many  oases  t£»  field 
of  Tision  is  suffused  with  a  yellow  hae.  Kdnig 
finds  that  tho  visnal  power  of  recognising 
the  ulterior  portion  of  the  blue  and  the  entire 
extent  of  the  violet  of  the  solar  spectrum  is 
rntirr^lv  abolished  for  the  time  being,  whilst  the 
point  ui  neutrality  is  situated  at  the  rare  length 
of  573,  this  being  the  exact  complementary  point 
(if  the  suppressed  violet.  Konig  infers  that  the 
visual  phenomena,  occasioned  by  the  ingestion 
of  sodium  santoninate,  do  not  constitute  actual 
violiet  Mmrtnfissj  the  retina  or  optic  nturve  being 
sfliBoted,  but  that  the  my»  of  violet  light  are, 
(luriii^r  till'  i-fiTUi  i:itiic  toxical  condition,  simply 
absorbed  by  certam  of  the  media  of  the  eye, 
whloh  have  been  abnormally,  and,  of  course,  only 
temporarily,  affected  by  tlie  dmg  ( J.  Soc  Ghem. 
Ind..  5(^5). 

The  well-known  QijntaUine  oomponnd  sbm- 
kmm,  C|«HiMOa,  was  discovered  in  santonica  by 
Kahler  m  1830  (Bnindes  Arch.  34. 318  ;  .3r>,  216). 
and  indepi>ndentlv  obtainwl  imniediatel ,  ai'N t- 
wards  by  Alma  (Brandcs  Arch.  34, 319 ;  m). 
It  was  fvrtherstadled  b7Tromm8doTfE(Annalen, 
11.  190)  and  by  Heldt  (ibid.  63,  10);  also  by 
Oberdiirffer  (Brandea  Arch.  35.  319),  Guille- 
UMtte  (J.  Pharm.  Chim.  26,  152).  Roder  (Jahrb. 
pr.  Pharm.  0,  45),  Miahloand  Cwlloiul  (J.  Pharni. 
Cliini.  fii.]  4, 387),  and  Cerutti  (Arch.  I'harm.  [ii.] 
52,  148).  To  obtain  it  the  method  adopted  by 
the  British  FharmaoonoBia  of  1886  may  be  em- 
ploved.  This  is  essentially  the  proeess  <tt  CaUoud 
(J. 'Pharm.  Chim.  fii.]  ir>,  lOG).  The  drug  is 
extracted  by  dieeetion  with  lime  aud  water,  and 
from  this  eolation,  after  aaHable  oonoentration 
anil  aoidifJcation,  the  santonin  in  an  impure  form 
slowly  precipitatei^.  It  lias  then  to  be  purilied 
by  washing  with  water  aud  dilute  ammonia,  and 
by  treatment  with  animal  charcoal,  and  finally, 
it  is  di88olve<l  in  alcohol  antl  cryhtallLsed  from 
that  wilvent.  'Jhe  crystallisation  has  to  lie 
effected  in  a  dark  place*  otherwise  the  product  is 
converted  1^  the  actinic  mys  into  a  yellow  com* 
pound,  which,  at  least  in  those  cases  where  the 
alcohol  is  not  free  from  water,  is  the  ethyl  ether 
of  a  new  dibasic  acid  photosantonie  acid  C,  sHjjO , 
(Sestini.  Gazz.  chim.  ital.  H.  357).  The  yield  of 
santonin  varies  from  1  tu  2  p.e.  For  thn  pn-- 
paration  of  santonin,  see  also  Biisdi  (.1,  ]ir.  (  'hem. 
(ii.]  35p  322)  and  Oeoh  (I>ingL  poly.  J.  263,  474), 


and  for  detection  and  estimation  of  santonin, 
Manseau  (Chcm.  Zentr.  1891,  il.  733). 

Methods  which  are  modilications  of  tho  pro- 
cess just  described  aro  also  cmplovcd  in  tho 
valuation  of  specimens  of  tlie  drug  by  Dragen- 
dorfl(Arch.  Pharm.  1878,  300)ai!  1  Fl  i  kigcrand 
Ehlinger(t"6Mi.  [iii  .J  24,  1).  The  foiiowjng  process 
is  given  by  Fliick^ser  and  Ehlingcr : — 5  parts  of 
worm.sccd  and  1  part  of  milk  of  lime  are  boiled 
for  two  huurii  in  a  considtrablc  quantity  of  dilute 
alcohol,  and  the  liquid  poured  off  after  cooling  ; 
this  treatment  is  repeated  twice,  the  extracts 
are  mixed,  and  the  alcohol  removed  fay  dia* 
tillation.  The  residual  liquid  is  then  .saturated 
in  the  cold  with  carbon  dioxide,  the  mixture, 
after  standing  some  hours,  filtered,  and  the 
hltrate  evaiwrated  to  dryness.  The  residue  is 
triturated  with  animal  charcoal  and  alcohol 
(sp.gr.  0-935),  and  the  paste  mixed  with  more 
alcoliol  is  heated  to  boiling.  The  whole  is  then 
thrown  on  a  filter,  the  residue  washed  with  hot 
alcohol,  and  the  filtrate  concentrated  bv  evapora- 
tion, when,  after  standing  for  some  hours,  the 
santonin  sepaiates  in  crystals  and  may  be  dried 
and  weighed  (FHlckiger,  Pharm.  J.  [iii  ]  17,  449). 

Santonin  crystallises  from  water  in  flatteu(Kl 
hexagonal  prisma  and  from  ether  in  rhpmbio 
].lates.  It  melts  at  170"  (Sclimidt,  Zeitsch. 
Uiem.  1866,  320  i  Leroy,  Rep.  Pharm.  Iii78, 
104),  and  wtai  heated  to  a  higher  temperature 
in  small  quantities  it  may  be  hublinif  '!.  It  is 
nearly  insoluble  in  water  ;  but  is  soluble  in 
ether,  and  more  so  in  alcohol  and  chloroform 
{cf.  Trommstlorff;  Schlimpert,  Arch.  Pharm. 
[il.]  100,  151).  The  alcoholic  solution  is  strongly 
lajvorotatory  (Buignet,  J.  Pharm.  Chim.  fiii.]  40, 
252;  Hesse,  Annalen,  176,  126).  If  a  small 
fragoMiit  of  santonin  he  dissolved  in  cold  mi1< 

Ehuric  acid  and  a  drop  of  fer:  if  ■  hloride  solution 
e  added,  there  is  developed  a  beautiful  crimson 
colour  which  passes  over  to  piuple  and  violet 
(Lindo,  Chem.  News,  36,  222;  Knopp,  Dingl. 
p)Iy.  J.  268,  42).  A  crimson  colour  in  also 
obtained  when  santonin  is  treated  with  alcoholic 
potash  (Heldt).  When  heated  with  dilute  acids 
sugar  is  not  formed  (Schmidt,  Zeitsoh.  diem. 
[ii.J  1.  212). 

Haloid  derivatives  were  obtained  from 
santonin  by  Hddt  (AmuJen,  63.  32)  and  by 

Sestini  (Btr.  5,  202),  and  it  is  shn^-n  to  form 
'  definite   addition   compounds   with  metallic 

oxides.   Moncchloro^antonin    C,5H,,C10„  di- 

chlorosanUmin  CjjHjgCLOj,  and  irichloromn- 
'  Umin  CijH|jCl,0,  were  prepared,  and  metallic 

componnda  oaving  the  geneial  formula 

The  rompoinid  with  Eodium  consists  of  large 
rhombic  }>nem8.  These  metallic  compounds 
were  proved  by  Hesse  (Ber.  6,  1280)  to  be  com- 
binations of  a  new  acid  of  which  santonin  is  the 
anhydride,  and  not  to  he  salts  of  santonin,  as 
wa.M  at  Hrst  supposed.  Tliis  new  mntoninic  arid 
Ci  5H,oO«  is  obtained  when  tho  sodium  compoimd 
of  Heldt  is  treated  with  a  mhieral  acid.  Its 
f-nlts.  the  santonniates,  are  formed  In-  the 
addition  of  a  molecule  of  a  metaliic  uxidu  to  u 
molecule  of  the  anhydride,  santonin.  The  free 
acid  may  also  be  easily  reconverted  into  santonin 
by  the  removal  of  the  elements  of  water.  This  is 
accomplished  by  simply  heating  it  to  120''.  or 
by  treatment  with  concentrated  sulphuric  acid. 


Digitized  by  Google 


G3G 


SANTOlilGA. 


Sautouitiic  acid  oonsiBts  of  colourless  graaolar  i 
cry.siab  which  arc  unaffected  by  sunlight.  ' 

iiy  tho  prolonged  applicatioa  of  hMt  and  by 
tho  action  of  reagents  a  largo  number  of  iso- 
merides  of  santoninio  acid  and  its  anhydride, 
santonin,  and  other  related  conipouiids,  have 
been  brought  to  light  chiefly  by  Caoizzaro  and 
iua  pupiJs.  A  ahori  aooonnt  of  the  tnodem 
views  of  the  constitution  of  santonin  and  some 
of  its  derivatives — the  outcome  of  these  re- 
searches— is  given  by  Wedekind  (Arch.  Pharm. 
244,  623).  For  the  physiolo^ncal  net  ion  of 
santonin  derivatives,  many  of  which  have  Ix^in 
Used  in  medicine,  see  Cop|Kilo  (Cheni.  Soc  Aljwtr. 
51,310}  Wedekind,  Zeitwh.  pbysioL  Chem.  43, 
840).  .  . 

Santonica  C(jnlains,  be.siiles  .santonin  an<l  the 
subetanoee  found  in  all  plaata,  certain  volatile 
oonsCiloentB.  When  distUled  with  steam  1  to  2 
p.c.  of  a  volatile  oil  passes  over,  which  contains 
a-pineuu,  terpinene,  terpincol,  and  terpinenul, 
and  a  sesquiterpene  (b.p.  250°  approx.)  (Schim- 
mel,  Semi-Aniiual  Rep.  ItJOS ;  cf.  S/  hindel- 
Meiser,  Apoth.  Zeit.  22,  «7t)).  The  ia;>t  uinthcr- 
liquors  in  the  technical  treatmont  of  the  seed  of 
Artemuia  mariHvM  oontain  artemmn  C|.UmO«. 
It  is  freed  from  santonin  by  nerystaOisation 
from  chloroform,  bcinc  depisitctl  in  combina- 
tion \vith  1  molecule  of  that  solvent.  Artemisin 
melts  at  200*,  gradti^y  tarns  yellow  in  the  air, 
and  is  more  readily  uoluble  in  water  or  dilute 
alcohol  than  .santonin  (Merck,  Chem.  Zcntr. 
1M».\  !.   !::!ti).  A.  S. 

SANTONIN,  SANTONINIO  ACID  v.  Savxo- 

NICA. 

SAPAN    r  SAPPANWOOD  v.  Brasolwood. 
SAPONABIA  OFFICINAUS  (Linn.).  The 
epidermal  oellB  of  the  lefties  of  certain  flowering 

plants  contain,  dis.sol veil  in  tlieir  cell  .sap.  a  .sub- 
stance which  is  coloured  blue  by  iodine.  The 
oolow  di8ap{)car8  on  wanning  and  retunu  on 
cooling,  as  is  th'^  r  iso  with  starch.  On  this 
account  tho  compound  n'as  regarded  as  an  amor- 
phous variety  of  starch  bv  Sanio,  it«  discoverer 
(BoUnische  Zeitung.  1857,  15.  420).  Schenck 
(ibid.  1857,  15,  i'Jl,  455)  doubted  whether  this 
.sutistance  ^vaa  identical  with  starch,  and  the 
correctness  of  this  view  was  Qpntinned  by 
Nageli  (Beitrage.  zar  wissensoh.  Botanik.  1800, 
2,  187).  For  the  chemical  examination  of  thi.s 
substance  the  dried  shoota  of  the  Saponnrta 
officinalis  were  selected  by  Barger  (Ghem.  Soo. 
Trans.  1906,  89.  ]21<»)  ;is  tho  raw  material, 
because  thi.s  plant  is  relatively  rich  in  the  com- 
pound, and  is  g;rowii  on  the  Oonti&eat  for 
l^iannaceutioal  purpoaes,  ao  thai  luge  quantities 
"nab!©. 


are  easily  obtainabi' 


H)  lid  nil  ( 


,0,  ,.-:Tr,o. 


Tlie  material 


wad  extracted  with  from  10  to  20  times  it«  weight 
of  water  for  half  an  hour,  and  the  operation  re- 

peated  .>'evernl  times.  The  extmet^;,  strained 
through  Imen  and  comentiat' d  lo  a  quarter 
their  volume,  w^e  aolditied  with  aoetio  acid  and 
left  to  stand  for  several  weeks.  The  grey  de- 
posit which  had  then  .separated  was  disjiolved 
in  hot  1  p.c.  midiuni  carlxinate  solution  (1  litre 
per  kilo,  of  dry  leaves),  and  after  addition  of 
aoetra  acid  was  treated  with  lead  acetate,  in 
order  to  ]>re<  ipitafe  l-iiihh  and  other  ini|)Urit  ic.-. 
On  stAU«lijig  tor  several  we«  krt  the  clear  liquid 
depo(»it<Ml  crude  saponarin,  which,  hoWBVer,  Still 
contained  30  p.c  of  impunty. 


The  crude  saponarin  was  di.ssctlved  in  boiling 
P3^idine,  tho  dark  brown  »ulution  was  filtered 
and  evaporated  in  a  vacuum  on  the  water  bath. 
Tho  residual  syrup  dissolved  in  hot  water  was 
diluted  aud  on  standing  deposited  the  .Hubstanoc 
in  microscopic  needles. 

Saponarin  dried  in  air  is  a  white  powder,  but 
after  oeing  dried  in  a  vacuum  becomes  iialo 
yellow,  antl  is  .soluhle  in  ililute  alfciline  solution-i 
with  an  intense  yellow  colour.  When  heated 
slowly  it  mA\m  and  deoompoaea  at  231*'-S82*, 
but  if  the  hath  is  previoosly  heated  to  230^,  the 
melting-point  is  236". 

On  acidifying  an  alkaline  solution,  and  on 
diluting'  a  .solution  in  concentrated  acids  with 
water,  the  glucosidc  La  not  immediately  pre- 
cipitated if  the  solution  is  dilute.  This  power 
of  remaining  in  a  state  of  psendo  solution  is 
ehaiaeteristio  of  sapcmaiin,  and  in  Uiis  condition 
it  with  iotline  in  jK)ta.ssium  iodide  the 

blue  or  violet  colouration  which  led  to  its  dis- 
covery, nils  eoloniation  dtsappean  on  warm- 
ing, but  returns  again  on  cooling.  Saponarin 
gives  with  sulphuric  acid  a  blue  fluorescent 
solution. 

Ennea-acetyl  mponarin  C(,H,QO]t(CaHaO)., 
microscopic  curved  needles,  melt«  at  183*-185^. 
It  does  not  give  a  blue  colouration  with  iodine. 
When  saponarin  is  boiled  with  dilute  mineral 
adds,  it  IS  slowly  hydrol^-sed  aooording  to  the 
equation 

C„H„0„H-H,0=€,»H,A+C',H„0, 
with  formation  of  glucose,  eaponardin  and  a 
.small  quantity  of  vitcxin  identical  with  that 
o blamed  by  Perkin  (Chem.  8oc.  Trans,  1898,  73, 
1030)  from  the  Ftlear  Itttoralw  (A.  Cunn).  Accord- 
ing to  Barger,  vitexin  forms  pale  yellow  glistening 
plates,  m.p.  260°,  whereas  it  is  deserfbwi  by 
Perkin  as  canary  yellow  needles,  ni.p.  2<U°-2tM''. 
Molecular  weight  determinations  carried  out  by 
the  niieTOsoo]no  method  (Barger,  Chem.  800. 
Trans.  1904,  85.  280;  in05,  87.  1750)  indicate 
that  the  original  formtda  CjjHi^O-  ais.sigiied  by 
Perkin  to  ^tecdn  la  oomet  (I.e.),  rather  than 
the  <>ccond  suggested  foormula  «^  this  latter 
author  C'jiHjqOjq. 

Saponaretin  Cj^Hj^O;  ?,  the  chief  pro<luct  of 
the  hydrolysis  of  saponarin  with  dilute  acid 
consists  of  a  light  yettow  amorphous  powder, 
extremely  solnlile  in  alcohol,  though  in  other 
respects  it  closely  resembles  vitcxin.  It  may 
be  that  saponaretin  is  identical  with  Perkin  s 
lioinovitexin  {!.<■.).  which  in  the  case  of  the 
I  Hex  littoralt«  apiu-ars  to  be  the  minor  product 
of  the  hydrolysis  of  the  gluooeide  there  present, 

A.  G.  P. 

SAPONARIN  V.  Sapokaru  officinaus 
(Linn.). 

SAPONIFICATION.  The  chemical  change 
which  takes  plaoe  on  boiling  fats  with  strons 

bases,  and  which  re.sults  in  the  formation  of 
glycerol  and  of  isiaits  of  the  higher  faltv  aeidii, 
has  hvvn  termed  *  saponitication.'  In  a  wider 
sense,  however,  every  chemical  i)roce»8  by  which 
oilti  and  fats  an-  n'S(«lved  into  their  prt>ximatc 
constituents — glycerol  and  fatty  ac  ids,  is  ealktl 
sapcmihcation,  even  if  no  bases  be  used  to  effect 
the  Toaetion. 

The  term  '  :mI )>.  .iiific  at  i(  >n  '  Is  nhn^  st  rxrlTi- 
.sively  used  m  practice,  its  s^-nonym  '  hydn)lY. 
sis  *  being  confined  to  papers  of  a  acientifie 
chaiaeter. 
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The  chi-mical  change  wlii  li  oil  jui  1  f  ifs 
undergo  on  boiog  bydrolyaed  or  ttaj^uilied  in 
oxprcsacd  by  tibo  foifowmg  equfttioD : — ■ 

/OR  /OM 
(1)  CaH»^OR+3MOH=C^4^M+3R  OH, 

where  R  denotes  the  radide  of  any  fatty  acid, 
and  U  stauda  for  hydrogen  or  a  monovaksnt 
netaL  (In  the  eu»  of  a  biTaleiktBwtoU  equation 
(1)  mast  be  replaced  by  equation  (3a).) 

In  the  light  of  experiments  made  by  Geitcl 
•nd  by  Lewkowitoeb.  this  equation  must  bo 
considered  as  snmBiMnniig  tiie  foUowiog  three 
equations  : — 

/OR  '  OM 

C»H,c  0R+  M  OU«»C,H»:c  OR+B'OH 

^OR  ^OR 


OM 


/CM 


(16)    Cjff.eOR+MOH-CgHjv  OM+ROH, 


"^OR 


OR 


yOM  /OM 
(le)  OtH»^OH+M'Oa«»C,H.^OM+B*OH 

Thoee  equations  express  the  feet  that  hy- 
drolysis (.<ii]K>nificatir.ii)  takes  place  in  three 
stacos,  tho  triglyccridu  passing  through  the 
diglyoeride  aad  the  monoglyoende  to  the  pvo- 
ducts  of  complete  hydrolysis. 

On  carrying  out  *  hydrolysis  '  or  '  saponifica- 
tion' on  a  practical  scale,  ^\e  cunnut  exj>eet 
these  three  stegea  to  take  ^laoo  consecutively, 
in  diatinot  wumxamm^  or  in  other  wnds,  we 
cannot  expect  to  find  that  the  whole  mass  of 
triglycerides  is  at  first  hydrolysed  exclusively 
to  diglvccrides  (as  indicatetl  by  the  equation  la), 
that  the  dif^^Iycerides  are  then  broken  down  to 
monoglyccrides  (as  shown  bv  tho  equation  16). 
and  that  finally  tho  monoglyceride.s  .«o  furiiud 
are  oonTerted  into  glyoetol  and  free  fatty 
aoid  {ley.  We  shall  rather  find  that  the  three 
phases,  which  are  exjiresscd  by  the  ah<vve  thre«' 
equatiou.'>,  take  place  concurrently,  so  that  at 
one  and  tho  same  tiine  a  mokoole  of  diglyceride 
may  bo  broken  down  to  monoc^h'ceride  and  fatty 
acid,  or  a  molecule  of  monoglycerido  to  glycerol 
and  fatty  acid,  whilst  a  mokculo  of  triglyceride 
ia  atill  intact,  or  is  passing  through  the  tin«t 
nhaiie.  Therefore,  on  oringing  about  very  rapid 
nyilrolyfis  we  .xhall  not  always  Yh'  able  to 
observe  experimuntally  the  intermediate  tran- 
sitory phases.  If,  liowevor,  hydmlyBia  or 
saponification  In-  efTeeted  somewhat  slowly,  we 
are  able  to  find  in  tlie  jmrtially  .Htti«mified  mass  : 
(J)  tinsaponified  triglyceride,  (2)  diglyeeride,  (3) 
monoiglyoeride,  (4)  giyoerol,  and  (6)  free  fatty 
add. 

This  has  Ixjen  verified  to  some  extent  by 
experiments  of  (ieitcl  and  especially  by  those  of 
Lewkowitsch  (J.  Soe.  Chem.  Ind.  1898,  1 107 ; 
Ghem.  Soc  Proe.  1891),  100;  Brr.  HHK1,  m. 

Reasoning  bv  analogy,  hytlrolysi.s  !>%•  means 
of  sulphuric  acicT  should  ako  take  plar  r  m  stages. 
IHrect  experimental  proof  may  be  found  in  the 
observation  made  bj*  Omen  and  ThHmw  (Bcr. 
1907.  ISOI)  ('•/*.  als..  R.  W.  van  Kldik  Tlneme, 
Knningkl-  Akad.  van  Wetensch.  Amsterdam, 
1908r«I6),  that  on  hydrolysing  dist4>«ro-»«h]oro* 
hydrin  with  OS  ji.e.  snlphnrie  .neid  there  were 
obtained,  in  addiijon  to  t^ltll  um  han-t  d  di- 
itearochloroii V  Irin,    tho    follovviii;^  prrjducts: 

mooortearoghk>gohydrin»  monoohkttohydrin,  and 


sf'  ;irii-  icid.  Tlicse  products  of  hydrolysis  thus 
reprcijcnt  the  three  stages  of  diglyceride,  mono« 
glyccride,  and  free  fatty  acid.  KniSarly, 
glyceryl  trinitrate  is  hydro!  \  1  hy  a  70  ji.e. 
sulphuric  aoid  to  glyoorui  duiitrate ;  and 
glyceryl  dmitrate  m  Its  torn  to  mononitrate  and 
glycerol. 

In  fall  agreement  with  the  foregoing  is  tho 
evidence  afforde<l  hy  the  synthesis  of  trigly- 
cerides, as  it  is  possible  to  bniild  them  up  from 
glycerol  and  fatty  aeid  to  monoglyceride*  from 
the  mnnoglyccride  to  diplycrrid'  ,  Ar.A  from  the 
diglyceride  to  triglyceride  (Bertheiut). 

The  occurrence  of  diernotn  (in  old  rape  oil), 
for  a  long  time  looked  upon  as  an  exeojitional 
phenomenon,  is  now  satisfactorily  expluinod, 
and  the  ))re.seneo  of  mono-  and  diglycerides  in 
ranoid  fata  becomes  very  probable.  This  ie 
iveil  iliutnited  by  the  ehaairee  olive  oil  under' 
goes  in  stored  olives  (see  Oi.ivk  on,). 

Since  in  the  absence  of  water  no  hyilrnlysis 
can  take  place,  water  must  be  eonsitiered  a.-<  the 
hvdrolysing  agent,  whether  it  be  employed 
alone,  or  whether  it^  action  be  assisted  by 
catal^'tio  agents,  such  as  acids  or  ferments.  In 
these  cases  the  reaction  is  ej^iCMod  by  the 
following  equation 


.'OR 


OH 


(2)  C.H,;-OR+3H-OH-C,H^OH+3ROH 

If  bases  be  chosen  as  catalysts  (cjitalysers) 
a  further  cbeniioal  reactwn  takee  piaoe,  viz.  th^ 
combination  of  the  base  iRrith  the  liberated  fotty 
acids.  Thus  if  in  equation  (1)  M  be  a  mono- 
valent metal,  e,g.  sodium,  the  final  prodoote 
will  be  glycerol  and  aoda  M»p»  as  expnoBed  by 
the  equation — 

/OR  /OH 

(3)  CJ^H,^  0R+3NaOH-C,H/  0H+3Na'0R 

^OR  ^OH 
If  divalent  metals,  such  as  calcium,  be  u»cd 
then  equation  (3)  vmiM.  be  veplaoed  by  (3a}— 


/ 


OR 


OH 


2C,H5^  OR-i.3Ch(OH)ts2C,H,C  OH  +3Ga(0B), 

\0R  OH 
On  the  reactions  indicated  by  the  foregoing 
equations  art-  hated  tho  processes  which  are 
carried  out  on  the  laig^  aoale  in  the  fat  indus- 
tries, especially  in  the  opemtiona  involving  tho 
manufacture  of  fatty  acid.s  and  of  .^oaps.  In 
this  article,  prt>mineneo  must  be  given  to  the 
practical  side  of  saponification  :  for  tho  theo- 
retical appert  of  this  ((Ue-ition  the  reader  must 
be  roferrofl  to  Lewkowitbch,  Chem.  Ttchnologi', 
i.  diap^  2. 

SaroHiviOATiov  wimotrv  tbx  Assibtakcb  or 

Tatalysts. 

AtfmQVA  ^aponificatiim.  Tho  realisation  of 
the  fundamental  equation  of  fat  hvdn>lvsis 

CjITifOR),  I  3H  OH-C,H5(OH)',+3R  OH 
suggests  itself  to  tho  candle-maker  as  the  ideal 
process.  The  first  attempt  to  work  such  a 
process  on  an  incUi>trial  seali  was  made  hv  R.  .A. 
lilgbmann,  whoso  method  consisted  in  forcing 
an  emulsion  of  fat  and  «rat«r  throngh  a  ooiled 
iron  iv)-n\  heated  in  a  furnace  to  a  tem]  i  ratnie 
ut  about  A'AV.  This  process  wa«.  however,  ^■►on 
abandoned  on  aooount  of  the  fact  that  h\  ire - 
Ijria  waa  incomplete  mid  oonaiderable  qaaatttiea 
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of  fatty  matter  were  destroyed.  More  successful 
have  been  the  mo<lenj  processes  of  hydrolysis 
by  means  of  steam  at  a  pressun^  of  15  atmo- 
spheres (equivalent  to  about  220  lbs.  jwr  square 
in.)  and  corresponding  to  a  temperature  of  about  ; 
2()0°.    An  apparatus  which  tho  author  saw  : 
working  on  a  practical  scale  in  a  Paris  candle-  I 
works  is  the  Hughes  appjiratns  shown  in  Fig.  1.  ' 

The  fat  is  charged  into  the  autoclave  A, 
about  30  p.c.  of  water  is  added,  and  steam, 
generatetl  in  a  multitubular  boiler  at  a  pressure 
auflScicntly  high  to  keep  up  a  working  pressure 


of  15  atmospheres  in  tho  apparatus,  is  gent 
into  tho  autoclave.  Tho  steam  is  dividetl  into 
streamlets  by  a  distributor  similar  to  tho  one 
shown  in  Fig.  3.  In  order  to  provide  adilitional 
security  against  explosion  (beyond  that  aifunleti 
by  the  safety  valve)  and  in  order  to  agitate  the 
mass  thoroughly,  a  small  amount  of  steam  is 
allowod  to  escape  continuously  through  tho 
pipe  E,  which  thus  serves  as  an  additional  safety 
valve.  The  escaping  steam  is  utilised  for  the 
concentration  of  a  glycerin  solution  charged 
(through  pipo  o)  into  vessel  B,  tho  condensed 
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water  escaping  through  valve  F.  which  acta  as 
a  kind  of  steam-trap.  Tho  steam  evolve<l  from 
the  glycerin  solution  in  B  serves  to  prc-heat  a 
dilute  glyct;rin  solution  fed  into  vessel  C  at  J. 
In  couMecjuence  of  the  high  temperature  em- 
ployed, tho  fatty  material  becomes  seriously  dis- 
coloured, so  that  the  fatty  aciiis  must  be  chiefly 
worked  up  by  the  '  mixed  process  '  (see  below). 
Moreover,  since  the  hydrolysis  of  the  fat  does 
not  reach  so  high  a  percentage  as  is  the  case  in 
the  processes  described  under  (2),  a  small  pro- 
portion of  lime,  al)out  1  p.c,  is  usually  added  to 
tho  mans  in  the  autoclave.  Ilenee,  practically 
six^aking,  this  method  approaches  verv  nearly 
those  descriliod  umivr  SajMjniJication  with  the  Aid 
of  liasci  under  Pressure. 

Saponificatiot  with  the  Aid  of 
Catalysts. 
It  has  lieen  indicated  above  that  catalytic 
agents  are  capable  of  accelerating  tho  process  of 
hydnjIysiM,  in  other  words,  that  a  small  amount 
t)f  such  ail  agent  is  ca^mble  of  producing  hydro- 
lysis at  a  more  rapid  rate  and  at  a  lower  tempera- 
ture than  is  emjiloyed  in  the  ca>Je  of  aqueous 
sapoaiSoation   under  prcsburc.    li   bases  are 


used  as  accelerating  agents  it  would  therefore 
follow  that  it  should  not  be  imperative  that  the 
base^  be  present  in  at  least  molecular  proportion 
to  the  quantity  of  fatty  acids  that  will  result  on 
complete  hydrolysis.  The  greater  the  amount 
of  tho  bases  present  the  more  rapidly  should  tho 
resolution  of  the  glycerides  into  their  proximate 
components  take  place,  and  Xhc  greater  should 
Iw  the  amount  of  salts  of  the  fatty  acids  forme<l. 
But  a  detieiency  of  the  bases  necc«8ary  to 
neutralise  all  the  fatty  acids  obtainable  by 
complete  hydn)lysis,  should  not  preclude  the 
completion  of  hydrolysis. 

Since  the  velocity  of  saponification  stands  in 
direct  ratio  to  the  quantity  of  the  bases,  then, 
in  the  presence  of  an  excess  of  bases,  it  should  ho 
possible  to  lower  tho  temperature  and  shorten 
the  time  required  for  effecting  practically  com- 
plete  hydrolysis.  These  views  are  eon  firmed  by 
practice  in  the  several  moilifications  of  tho 
t<'chnical  process  of  saponifying  by  means  of 
lime. 

1.  Saponifiealion  by  meana  of  lime  in  the 
open  vat.  The  amount  of  caustic  lime — tCaO — 
r«-quired  for  a  triglyceride  having  the  mean 
molecular  weight  SCO,  is  according  to  equation 
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(3a)  9-7  p.c,  but  ov^n  prolongwl  boiling  with 
steam  in  an  open  vessel  with  that  proportion  of 
lime  will  not  lead  to  complete  Baponitication. 
Unless  the  proportion  of  caustic  lime  be  raised 
to  12-14  p.c.,  the  hydrolysis  of  the  triglyceride 
cannot  bo  brought  to  an  end  in  an  open  vessel, 
i.e.  at  a  temperature  of  from  100°  to  105°. 

The  technical  process  based  on  the  saponifica- 
tion of  oils  and  fats  by  means  of  12  to  14  p.c.  of 
lime,  and  leadin;;  to  the  conversion  of  the  total 
fatty  acids  into  lime  Boaps,  is  due  to  De  Milly. 
The  fat  is  chumod  up  with  water  in  an  open 
lead-lined  vat  by  means  of  live  steam  sent  into 
the  emulsion  through  an  open  coil ;  whilst  the 
mass  is  kept  in  ebullition,  caustic  lime  previously 
slaked  and  made  into  a  thin  cream  is  gradually 
introduced.  The  boihng  is  maintaine<l  until  the 
saponification  is  complete  ;  this  is  readily  recog- 
nised by  the  lime  soap  separating  from  the 
water  in  a  curdy  form.  The  glycerin  water — 
'  sweet  water  ' — is  then  run  off ;  the  still  soft 
lime  soap  is  washed  to  remove  occluded  glycerol, 
and  is  then  decomposed  with  sulphuric  acid. 
In  the  older  methods  the  lime  soap  w&a  allowed 
to  cool,  when  it  settled  as  a  hard  mass — '  rock  ' 
— from  which  the  supernatant  glycerin  solution 
was  run  off.  This  hard  lime  soap  v^-as  then 
Avashed,  reducetl  to  powder  by  grinding,  and 
decomposed  with  sulphuric  aciu,  when  the 
calcium  was  precipitated  as  sulphate,  whilst  the 
liberated  fatty  acids  rose  to  the  top  as  a  clear 
oily  layer.  The  fatty  acids  and  the  glycerin — 
*  sweet  water ' — are  worked  up  for  candle 
material  (see  below)  and  crude  glycerin  {see 
Glycbbin). 

The  large  amount  of  lime  (and  consequently 
the  large  amount  of  sulphuric  acid)  required  in 
the  process  renders  it  costly,  so  that  it  has  been 
largely  superseded  by  metho<ls  of  saponification 
under  pressure  (*cc  below). 

A  modification  of  this  mctho<l  has  been 
worked  out  tluring  latter  years  by  Krcbitz. 
The  saponification  vnth  lime  is  in  principle  the 
same  as  described  above,  with  this  difference, 
however,  that  the  fat  is  not  boiled  with  the  lime 
until  sepiration  of  the  lime  soap  takes  place, 
but  that  the  water  is  brought  into  a  state  of 
complete  emubion  with  the  oil  or  fat  at  a 
temperature  not  exceeding  100"*.  This  emulsion 
is  then  allowetl  to  stand  oveniight.  when 
saponification  takes  place  spontaneously,  and 
a  softish  mass  result*  which  occludes  the  water 
intrf)duced  with  the  lime,  and  the  glycerol 
formed.  This  mass  does  not  offer  as  much 
difficulty  in  grinding  as  the  '  rock  '  does.  The 
ground  lime-jxjwdcr  is  then  washt-d  free  from 
glycerol,  when  the  lime  soap  is  ready  for  further 
treatment.  Tnis  process  is  unsuitable  for 
candle-works.  It  has  been  introduced  in  some 
small  continental  soap  works  working  up  low- 
class  lone  fats,  where  the  ground  limo  soap  is 
converted  into  soda  soap  by  double  decom- 
position with  sodium  carbonate  solution  {see 
Soap). 

The  process  of  saponification  by  means  of 
lime  in  the  open  vat  has,  at  least  so  far  as 
candle  making  material  is  ooncemed,  Ijecome 
altogether  obsolete,  since  a  nsluction  of  the 
amount  of  Imscs  and  acids  has  become  im- 
perative with  a  view  to  reduction  of  manu- 
facturing costs. 

2.  Saponification  with  the  aid  of  bases  under 


presswe.  If  the  lime  bo  considered  a  catalytic 
agent  then  it  should  be  possible,  in  correspondence 
with  the  views  expressed  above,  to  reduce  the 
proportion  of  lime.  This  is  actually  done  by 
carrying  out  the  hydrolysis  by  moans  of  lime  in 
an  autoclave  under  pressure.  Under  these 
conditions  the  proportion  of  caustic  lime  can 
be  reduced  gradually  until,  at  a  pressure  of 
12  atmospheres  (corresponding  to  a  temperature 
of  190°),  even  1  p.c.  ot  lime  suffices  for  practi- 
cally complete  hydrolysis.  Although  the  gly- 
ceride  is,  practically  speaking,  completely 
hydrolyaed,  only  so  much  of  the  fatty  acid  is 
neutralised  by  lime — i.e.  converted  into  lime 
soap— cks  is  chemically  cQuivalent  to  the  quantity 
of  hme  employed  {sec  above). 

The  practice  of  the  candle  industry  has, 
however,  showTi  that  at  such  high  pressure  the 
fatty  acids  become  much  discoloured  ;  hence  it 
has  been  found  more  advantageous  to  re<luco 
the  temperature  whereby  an  increast*  of  the 
amount  of  catalyst  required  becomea  necessarj'. 

In  the  modem  practice  of  candle-icorks,  auto- 
claves arc  therefore  worked  at  a  pressure  of 
alx)Ut  8  atmospheres  (  =  120  lbs.  per  sq.  in.). 
At  this  prefsuro,  when  emploj-ing  about  3  p.c. 
of  lime,  the  fat  is  practically  completely  hyaro- 
lysed.  The  autoclaves  in  use  are  illustrated  by 
Figs.  2  and  3.    That  shown  in  Fig.  2  consists  of 


Fio.  2. 

a  cylindriojil  vessel  made  of  copper,  strong 
enough  to  witlistand  a  working  pressure  of  8 
atmosphen-M,  and  provided  with  an  int<>rnal 
steam  pipe  which  reaches  the  bottom  of  the 
vessel.  In  Fig.  2  the  steam  leaves  at  the 
bottom  of  the  serrated  cone,  and  is  thus  divided 
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into  a  number  of  stroamlets  which  chum  the 
mixture  of  fat  and  wat«r  into  a  thorough 
emulsion.  The  water  and  fat,  in  the  proportion 
of  1  to  3,  or  1 


to  4,  as  alno  the  milk  of  lime,  are 


Fia.  3. 

fc<l  throiij^h  the  funncl-Hha{x;d  vciiscl  at  the  side 
of  the  autoclave. 

When  the  autoclave  is  charged,  8team  is 
turned  on  and  the  vessel  is  kept  at  a  pressure  of 
8  atmospheres  for  about  8  to  10  hours. 


The  following  table  illustrates  the  hydrolysis 
of  tallow  .saponified  in  an  autoclave  with  3  p.c. 
of  lime  at  a  pressure  of  8  atmospheres. 

Free  fatty  acids, 
per  cent. 

Sample  taken  after  the  Ist  hour  contained  38-55 


I* 
I* 
I* 

M 
*t 
•> 
W 
tf 


U 
»» 
•t 


2nd 
3rd 
4th 
6th 
6th 
7th 
8th 
0th 
10th 


»» 


77-40 
83-9 

87-  6 

88-  « 

89-  3 
930 

97-  5 

98-  1 
98-0 


In  the  form  of  autoclave  shown  in  Fig.  3, 
the  agitation,  effected  by  steam,  is  assisted  by  a 
mechanical  stirring  arrangement. 

A  horizontal  form  of  autoclave  fitted  with  a 
stirring  arrangement  of  a  different  kind  is  illus  ■ 
trated  by  Fig.  4. 

Since  cylindrical  autoclaves  if  not  sufficiently 
strong  arc  liable  to  bo  bulged  out  by  the  hign 
pressure,  they  would  at  last,  if  the  bulging  took 
place  progressively  in  a  regular  manner,  assume 
the  shape  of  a  sphere.  Hence  spherical  auto- 
claves (first  suggested  by  L.  Bottaro  of  Genoa) 
arc  also  in  vogue.  An  autoclave  of  this  kind, 
provide<l  with  a  stirring  arrangement,  is  shown 
in  Fig.  6. 

In  the  processes  considered  here  the  hydro- 
lysis n^aches  as  high  a  figiire  as  98  to  99  p.c.  If 
the  tcmpsrature,  time  and  amount  of  reagent 
bo  reduce<l  the  hydrolysis  may  not  reach  so 
high  a  degree  and  may  only  amount  to  96  to 
97  p.c. 

For  the  purposes  of  the  candle  industry, 
such  discolouration  as  the  fatty  acids  un- 
avoidably undergo  in  this  process  is  of  little 
account,  as  the  colouring  bodies  can  bo  easily' 
removed  by  8ul)8<'(|uent  treatment.  Since, 
however,  attempts  have  been  made  to  apply 
this  pn>eess  of  hydrolysis  io  fats  intended  for 
soap  making  (see  Soap),  it  was  found  neces-sary 
still  further  to  reduce  the  temperature,  and  the 
autoclaves  arc  therefore  worke<l  for  this  puriiose 
at  a  pressure  of  5  to  6  atmospheres  only.  This 
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feature  (intensified  by  an  attempt  to  reduce  for  purposes  of  soap-niakinp  no  higher  amount  of 
the  proportion  of  l)as<>s)  leads  to  a  reduction  of  hydrolysis  than  about  80  p.c.  is  reached.  Even 
the  proportion  of  fat  undergoing  hydrolysis;  at  this  pressure,  serious  discolouration  of  the 
hence,  in  the  practice  of  preparuiij  fatty  acids   fatty  acids  lakca  place  («ec  Soap),   The  technical 
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operation  is  conducted  practically  in  the  name 
manner  as  descrilx'tl  under  Aqueowtaaponijication. 

When  the  saponiKcation  is  deemed  complete, 
the  saponiHcil  mass  is  allow-ed  to  stand  in  the 
autoclave  until  it  has  separated  into  two  layers  : 
glycerin  water — '  sweet  water  ' — and  an  upper 
layer  of  fatty  acids,  containing  as  much  lime 
}«>ap  as  corresponds  with  the  lime  introducetl 
into  the  autoclave.  These  two  layers  are  cither 
pumfied  separately  into  store  vats  or  the  whole 
mass  may  be  pumped  into  a  settling  vat,  where 
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the  Bcparation  into  t«-o  layers  takes  place. 
The  further  working  up  of  the  glycerin  solution 
into  '  crude  saponiKcation  glycerin  '  has  been 
described  under  (Jlycebin.  The  fatty  layer  is 
l)oile<i  up  with  steam,  and  sufficient  sulphuric 
acid  is  added  to  decompose  the  lime  soap.  On 
allowing  to  stand,  most  of  the  calcium  sulphate 
separates  out  at  the  bottom  of  the  aqueous 
layer,  whereas  the  fatty  acids  form  a  clear  oily 
layer  on  the  top.  They  are  washed  carefully 
with  dilute  acid  to  remove  the  last  traces  of 
lime.  Some  mmufactun*r«  precipitate  the 
lime  in  the  last  stages  as  oxaIat«'. 

In  place  of  lime,  magnesia  and  zinc  oxide 
(to  which  latter  zinc  dust  is  also  added),  are 
employed  as  '  accelerators.*  The  advantage 
offered  by  magnesia  and  zinc  oxide  consist  in  the 
fact  that  they  do  not  yield  a  precipitate  on  de- 
composing the  autoclavod  fatty  matter  with 
sulphuric  acid.  This  advantage  is,  however, 
counterbalanced  by  the  fact  thiit  hydrol^-sis  is 
not  so  readily  effi-cted  by  means  of  magnesia, 
at  any  rate  in  the  case  of  tallow  and  pahu  oil, 
as  by  means  of  lime.  Ex|K'riencc  gaine<l  on  a 
large  scale  has  shown  that  tallow,  autoclaved 
with  3  p.c,  of  magnesia  under  the  same  con- 
ditions as  with  3  p.c.  of  lime,  is  hydrolysed  only 
to  the  extent  of  aLout  90  p.c.  lit  order  to  reach 
tm  gr^xl  a  result  as  is  obtaineil  by  means  of  lime, 
the  working  pressure  or  (and)  the  length  of 
time  must  l>e  increased.  This  is  Umie  «mt  by 
the  following  table  : — 
Vol.  IV.— T. 


Saponotcation  of  Shea  Buttkb  with  3  per 
CENT,  or  Magnesia  ax  a  Pressure  or 
9  Atmosphebbs. 

Free  fatty  acids, 
per  cent. 


Sample  taken  after  the  Ist  hour  contained  01 '4 


:2nd 
3rd 
4th 
r>th 

eth 

7th 
8th 


80-2 

00-  2 

01-  l 
95-4 
95-5 
9fl-6 
98-1 


63-2 
81-9 
901 

94-  8 

95-  7 

97-  1 
971 

98-  0 


The  pressure  being  higher  than  in  the  case 
of  lime,  discolouration  of  the  fatty  acids  takes 
place  to  a  somewhat  greater  extent,  and  the 
resulting  *  sweet  water  *  is  more  dilute.  The 
chief  disadvantage  of  magnesia  lies,  however, 
in  the  fact  that  it  frequently  gives  emulsions, 
which  are  vcrj'  troublesome,  as  they  do  not 
separate  even  after  prolonged  standing  and.  as 
pointed  out  already,  that  the  saponification  is 
less  complete. 

Zinc  oxide  does  not  offer  these  disadvantages, 
but  its  higher  cost  outweighs  the  benefit  derived 
from  its  use.  A  small  percentage  of  zinc  oxide 
or  zinc  dust  is,  however,  frequently  used  con- 
jointly with  lime,  as  the  discolouration  of  the 
fatty  acids  is  thereby  somewhat  diminished. 

3.  Saponification  by  means  of  caustic  alkalis. 
There  can  hn  no  doubt  that  under  pressure, 
complete  hydrolysis  would  be  brought  about  by 
an   amount  of  caustic  alkali   insufficient  to 
neutralise  all  the  fatty  acids  formed.    On  a 
large  scale,  for  obvious  reasons,  such  a  pnicess 
is   not  employed.    The  compounds  rt^sulting 
from  the  combination  of  fatty  acids  and  caustic 
alkalis    being   useful   commercial  products — 
soaps — the  aim  of  the  manufacturer  is  to  conduct 
operations  so  that  these  products  are  obtained 
concurrently  with  the  hydrolysis  of  the  fats. 
Hence,  on  a  commercial  scale,  oils  and  fats  are 
boiled  in  open  vessels  with  a  solution  of  caustic 
alkalis,  containing  not  only  sufficient  alkali  to 
neutralise  all  the  fatty  acids  obtainable  on 
hydrolysing  the  glycerides,  but  also  an  excess, 
whereby  the  time  n-quintl  for  the  completion  of 
the  reaction  is  shortened.    Indeed,  this  excess 
of  alkali  is  require<l  in  order  to  carrv  out  the 
reaction  in  the  shortest  possible  time  (nee  SoAP). 
^     The  laboratory  metho<l  of  saponifying  fats 
by  means  of  alcoholic  caustic  potash  or  caustic 
soda  {see  Oils.  Fixed,  and  Fats)  need  not  bo 
!  considered  as  differing,  theon'ticallv,  from  hydro- 
I  lysis  in  aqueous  solutions,  if  we  look  upon  alcohol 
'  as  water  in  which  one  hydrogen  atom  is  n'place<l 
I  by  the  group  C,Hj.    Ignoring  for  a  mom  nt  the 
'  alkali,  hydrolysis  woukl  proceed  according  to 
I  the  following  equation  : 

(6) 

yOR  yOH 
C,H.^  OR+3H  OC,H.=C,H4(  0H+3R  0C,H, 
\0R  ^OH 

which  should,  again,  be  looked  upon  as  a 
summary  of  the  following  three  equations  : 
(5a) 

■OR  /OH 
(',Hj   OR+H0C,H4=C,Hj;  OR+ROC,Hj; 
OR  OR 

(06) 

/OH  /OH 
C,H,^-OR+HO  C,U.-C,H..  OH  +  R  Ot  ,11. ; 
^OR  OR 

2  T 
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/OH  /OH 
C,H5^0H+H0'C,H,-:C,H,(  0H+R^C3.H,. 

^OR  ^OH 

Thu  resulting  products  would  be  clyctrol 
and  the  ethylic  esters  of  the  fatty  aci&.  Al- 
though the  feaoibilitj  of  those  reMtions  had  not 
been  tested  ezpertmeotally,  the  rathor  (J.  Soc. 
Chcni.  Ind.  1903,  595)  had  ««xpressed  the 
opinion  that  with  anhydrous  materiab  and 
vader  high  premnxe,  espeoially  if  aanited  by  a 
suitable  catfll^'«t,  tho  reaction  would  verjr 
likely  prooeetl  &  long  way  in  the  direction  indi- 
cated by  tiie  flqiwtion  (o). 

In  the  *baenoe  of  water  the  ehemioal  change 
cannot  proceed  beyond  the  fonnatioii  of  ethyl- 
e«ter«.  But  if  tin;  il  I  intain  w'Bter,  the 
ethyl-esters  in  their  turn  arc  hydrolysed  by  the 
mter  to  some  extent.  Ooniplete  h^'drolysis, 
such  fts  indicated  hy  the  following  equation 

(6)  3CjH5  0R^3H  OH^3R-OH+3C,H,-OH, 

cannot  result,  smcu  an  equilibrium  between 
ester,  water,  and  free  fatty  acids  wovld  aoOQ  be 
established.  The  reMtion  thus  anested  trill, 
however,  proceed  if  alkali  be  present  to  neutra- 
lise the  free  acid  fornied.  Since  in  laboratory 
operations  caustio  alkali  is  added  to  tho  alcohol 
in  quantity  greater  than  that  which  ie  ohemi- 
cally  equivalent  to  the  fatty  acids,  tho  fatty 
acids  formed  (equation  6)  will  be  immediately 
neutndiaed,  aa  ia  iUaatiiated  by  the  following 
equation  : 

(7)  3R  OH+3Na  OH«3Na-OU-j-3H  OH 
Hence,  the  chemical  change  represented  by 
etpiation  (fi)  will  Ixcome  complete.    By  adding 
the  three  equations  (5,  Q,  and  7),  we  obtain  as 
the  final  xeanlt 

/OR  oir 

C»H,t-OK+aNaOHx=C,H,;-  OH+SKaOK 
NOB 

wlii«^  IB  identical  with  the  aboTO-giTtti  equation 

For  further  explanation  dealing  with  the 

mechanism  of  saponification  in  alcoholic  solu- 
tion and  the  action  of  soriium  ethylate,  cp. 
Lewkowitsch.  Chem.  Tedmologyt  i.  80  ff. 

4.  Saponification  by  means  of  ammonia. 
Ammonia  is  also  capable  of  acting  a»  un  acocle- 
ratine  agent  in  the  hydrolysis  of  oils  and  fats, 
and  has  therefore  been  frequently  Biugeeted  aa 
a  Ba  po  n  i  f  y  ing  agent.  The  properties  ofammonia 
render  it  imperative  to  carry  ou<  the  hydrolysis 
under  pressure,  and  several  special  autoclaves 
have  been  patented  for  this  purpose.  None  of 
thr.se  Ftiprjcslinns  has  foun<l  practical  applica- 
tion. Barbe,  Uarclli,  and  de  Paoli  claim  that 
in  their  process  (protected  by  French  Patent 
372431  and  let  Add.  Mo,026fi),  the  total  amount 
of  ammonia  ts  reooTcred  by  treating  tho  ammo- 
nia aoap  fcTtned  in  a  current  of  steam. 

5.  Bapomfication  by  means  of  acids.  Just 
ae  in  the  case  of  many  chemical  reactions  acids 
act  as  cata!y?^tf,  it  \h  pojJsiMf  to  employ  acids  as 
catalytic  agcnta  m  acctleratuig  the  hydrolysis 
effcctc  il  I'y  water. 

(a)  SapoHificatUm  by  meaiu  of  hydrochloric 
add.  The  anther  (J.  8oo.  Chem.  ind.  1903,  67) 
liii.s  f-hiiwn  that  oils  and  fats  can  lie  hydrolysed 
by  means  of  hydrochloric  acid,  sp.gr.  1*16.  As 
this  metiiod  wm  not  yet  acqoired  practical 


import«nce,  it  need  only  be  pointed  out  here 
that  hydrol^'sia  becomes  much  slower  after 
about  76  p.c.  of  tho  neutral  fata  has  been 
hydrolysed.  The  fact  that  under  the  conditions 
of  the  experiments  it  was  very  difficult  to  keep 
up  ri  thorough  intermixture  of  fat  and  acidulated 
water,  satisFactorily  explains  this  slowing  down 
of  tho  reaction.  It  may  be  safely  •—wmaH  jJutt 
provided  a  thoflough  infenxuxtuie^  as  in  an 
emulsion,  could  be  brought  about,  hydrolysis 
would  proceed  much  more  rapidly,  for  tho 
oatal^'tic  action  of  hydrochloric  iu:id  takes 
place  even  at  tiie  ordinary  temperature,  pro- 
vi'lf  f  j  sufficient  length  of  time  be  allowed,  as  has 
been  proved  by  experiments. 

(b)  Saponification  by  means  of  coiumdtvM 
sulphitric  acid.  Much  better  results  arc  ob- 
tained by  emplo>'ing  as  a  catalyst  concentrated 
j  Milpliuric  acid,  which  secius  to  act  to  honie 
,  extent  as  an  emulsifying  agent  in  the  technical 
process  of  hydrolysis  by  meant  o/  eameeiUrat^ 
sulphuric  acid.  The  action  of  sulphuric  acid, 
first  described  by  Comett  in  1777,  consists,  in 
the  first  instance,  in  the  formation  of  sulpho- 
compounds  of  glycerides,  the  composition  of 
whicn  has  been  investigated  by  Geitel  (J.  pr. 
Chcni.  1888,  37,  63:  ep.  Lewfcowitsoh  J.  Soe. 
Chem.  Ind.  1897,  392). 

The  technical  opmtion  consists  in  rapidly 
intermixing  fat  which  has  preyiously  l^'en 
heated  to  a  temperature  of  120"  or  more  (and 
thereby  freed  from  the  last  traces  of  moisture) 
with  4r-6  p.r.  of  concentrated  sulphuric  acid  of 
66°-67''B6.  If  sulphuric  acid  of  lower  strength 
bo  used  the  hydrolysis  is  not  ('ompleto  (cp 
Lewkowitsch,  C!hem.  Tech.  of  Oils,  Sk.,  u  06). 
With  the  decrease  of  the  strength  of  sulpimria 
acid  hydrolysis  decreases  rapicflv ;  an  acid  of 
00  p.c.  SOjH,  is  no  longer  capable  of  effecting 
hydrolysis  on  a  practical  scale.  The  behaviour  of 
sulphuric  acid  towards  tho  sattirated  plreerides  is 
of  little  practical  importance,  since  .sulphonated 
compounds  (of  the  glycerides  as  well  as  of  the 
saturated  fatty  acids)  that  arc  formed  are  subse- 
quently decomposed,  yielding  the  or^nal 
saturate  acids  practically  unchanged.  With 
olein,  however  (less  saturated  glycerides  than 
olein  need  not  be  considered  here,  aa  being  of  no 
/  practical  importance  in  the  manufacture  of 
•  stearinc ').  the  sulphuric  acid  forms  saturated 
sulphonated  coni^Kfunds,  a  small  quantity  of 
sulphurous  acid  being  at  the  same  time  evolved 
in  conscqnenoe  of  secradary  reactions.  Theee 
sulphonated  compounds  nave  tho  projvrty 
of  being  somewhat  readily  hydroKiscil  on 
boiling  with  water.  The  chemical  change  will 
be  referred  to  below;  here  it  may  suffice  to 
state  that  from  15  to  17  p.c.  of  oleic  acid  are 
convcrtc<l  into  solid  products,  chiefly  stcaro- 
lactono  and  isomeric  solid  oleic  aoida  (*iaooleio 
acid,'  see  Ona,  FixsD,  Aim  Fa«s)  with  which 
small  quantities  of  hydnny  acnd  may  be  ad- 
mixed. 

The  higher  the  temperature  to  which  the 

fat  has  been  hentrd  and  the  larger  the  per- 
centage of  ttulphunc  acul  used,  tho  more  copit^us 
is  the  evolution  of  sulphuiovsaoid  and  the  fuKher 
will  the  eecondarv  reactions  proceed.  In  onler 
to  retluee  the  destruction  ('  carbonising ')  of 
organic  matter,  uliicli  ncecssarily  leads  to  a 
lower  yield  of  fatty  acids,  and  especially  of 
glycerin,  great  attentaoD  must  be  paid  to  the 
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following  factors :  quantity  of  sulphuric  acid,  f  emulsifying  action  than  that  produced  by 
temperature,  and  time  during  which  the  acid  is  concentrated  sulphuric  acid  is  obtained  by  tho 
allowed  to  act  on  tho  fat.  In  order  to  ensure  the  sulpho-aromatic  compound  invented  by  Twit- 
most  intimate  contact  of  the  fat  with  tho  acid  I  chell.  The  reagent  employed  in  this  process  is 
within  the  shortest  possible  time,  various  obtained  by  allowing  an  excess  of  sulphuric  acid 
mixing  machines  are  used.  Mixing  by  means  I  to  act  on  a  solution  of  oleic  acid  in  aromatic 
of  air  cannot  be  recoramendotl,  as  this  leads  to  hydrocarbons.  The  product  obtained  in  case 
deterioration  of  the  material  and  to  appreciable  benzene  is  chosen  as  the  aromatic  hydrocarbon 
losses.  One  type  of  apparatus  is  shown  in  has  be<*n  described  by  Twitchell  bs  having  the 
Fig.  6.  Other  devices  consist  of  pulverising  composition  C,H4(SO,H){C|gH,jO,).  The  com- 
the  fatty  matter  by  centrifugal  force,  &c,  position  of  the  reagent  as  actually  supplied  to 

(c)  Saponification  by  means  of  «ulpho-  the  licensees  under  the  name  of  *8aponifier'  is 
aromatic  compounds.    A  much  more  pronounced    kept  secret.    The  author  does  not,  therefore. 


Fio.  6. 

feel  justifieil  in  making  detailed  statements  as  I  matter  contain  at  the  outset  a  small  proportion 
to  the  manner  in  which  it  is  prepared  for  nianu-  '  of  free  fatty  acids,  as  an  entirely  neutral  fat 
facturing  purpoww  l)eyond  pointing  out  that  the  I  requires  a  somewhat  lengthy  time  before 
aromatic  hyurocarlK»n  in  the  *  sajwnifier  '  is  I  hydrolysis  commences.  This  is  no  doubt  duo 
najihthalene.  \  to  tho  fact  that  tho  aqueous  solution  of  tho 

Tho  ratiunalo  of  this  process  is  not  yet  fully  reagent  requires  the  pre^scnce  of  fatty  acids,  in 
understood.  Tho  prefect  author  explained  tho  [  order  to  produce  an  emulsion  which  is  essential 
action  of  tho  reagent  by  its  power  of  emulsifying  ;  for  the  progress  of  hydrolysis.  With  neutral 
tho  glycerides  and  has  shown  that  the  same  fats  a  somewhat  longer  time  is  required  to  start 
emulsifying  action  is  produced  by  rcagrnts  pre-   the  hydrolysis,  as  free  fatty  acids  must  be  pro- 

C.red  from  anthracene  and  phcnanthiene  (cp.  duced  first  by  the  boiling  with  water.  But  even 
iwkowitsch,  Chem.  Tech.  i.  8t}).  The  '  Twit-  |  at  best  the  process  requires  a  ofjnsiderablo  time 
chell  process  '  differs  moHt  essentially  from  the  '  for  tho  practical  completion  of  hydrolvHis. 
'  acid  saponification  process,'  in  that  oleic  acid  ,  For  the  puriHJsos  of  the  candle-maker  it  is 
is  not  simultaneously  converted  into  solid  '  essential  that  the  hydrolysis  be  as  complete  as 
mat4>rial  ;  hent-e  the  fatty  acids  obtained  by  j  possible  ;  practically  complete  hydrolysis  can 
this  process  have  tho  same  composition  as  those  i  be  reached  by  prolonged  boiling.  The  emulsion 
yielded  by  the  autoclave  process.    This  last-  |  is  then  '  broken  '  by  the  addition  of  sulphuric  .  . 

mentione<i  fact  would  seem  to  prove  that  true  i  acid  of  GO''Be.,  and  the  contents  of  tho  vessels 
sulphonateil  acids  have  not  l)een  formed  ;  I  are  allowed  to  w-ttle,  when  separation  into  two 
moreover,  it  has  been  shown  above  that  «liliite  '  layers  takes  place — an  upp<T  layer  of  fatty 
sulphuric  acid  does  not  nrodure  hytlrulysis.  acids,  and  a  lower  aqueous  one  containing 

It  is  essential  that  the  fatty  material  to  be  glycerin.  The  fatty  acids  are  drawn  off  and 
treatoiJ  by  this  process  Ih'  freed  from  impurities,  washed,  and  are  ready  for  subsequent  treatment. 
BUfh  as  lime,  iron,  as  also  from  foreijm  or^'imic  For  the  working  up  of  th«'  glycerin,  see 
substances.  This  is  dono  by  lx>iling  the  fat  Crude  Ghjrerin  from  the  TmtchcU  Process 
with  a  dilute  !<olution  of  sulphuric  acid.  The  under  Ou-s,  Fixed,  and  Fats. 
i>urificd  fat  is  th<-n  transf<  rrt  tl  to  wooden  vesnels  (\.  Saponiflcatlon  by  means  of  ferment.  The 
fumishe<l  witlj  jx-rforalrd  brass  coils  and  pro-  explanation  of  the  rationale  of  the  Twilehell 
vided  with  well-titting  lids,  which  allow  the  process  attempteil  alK)ve,  would  seem  to  show 
steam  to  esca|)e  but  prevent  free  access  of  air,  that  the  action  of  the  reagent  is  purely  catahiic 
since  the  fatty  acids  fornunl  in  this  process  without  any  secondary  reactions  taking  place, 
readily  darken  on  coming  into  eoutJitt  with  air.  anil  resembles  the  action  of  ferments  which 
In  these  vessels  the  fat  is  mixed  with  p.c.  of  accelerate  hydrolysis  without  appan^ntly  under- 
ils  weight  of  distilled  water,  l-.'i  to  "J  p.c.  of  the  going  any  <  henii<'nl  change.  The  action  of 
reagent  are  then  added,  and  the  whole  mass  is  ,  ferments  as  conditioning  the  initial  stages  of 
agitated  by  o|>fn  steam  y>assing  through  the  I  rancidity  by  effecting  hydrolysis  has  Ix-en  ex- 
perforated  coil.    It  is  essential  that  the  fatty  '  plained  in  the  article  Oils,  Fixed,  and  Fats. 
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CDnn.stcin,  Hoycr,  and  Wartfiiljorji  showed  than  ir>a<:nf8iiim  or  calcium  sulphate  is  man- 
that  the  iermcnt  coutaiued  in  castor  seed  ia  gaiieao  sulphate,  the  addition  of  which  to  the 
capable  of  Moelemting  the  hydiol>'si8  of  trt- '  enrataion  has  abo  been  petented.   (The  Moele. 

glyoeriflos  to  such  a  considerable  exti-nt  tliat  a  rating  action  of  certain  metallic  salts  w&s  first 
technical  pro(X'^  of  saponihuitiun  can  be  based   discovered  by  Pottevin.)   In  the  manufacturing 


on  the  action  of  the  oaator  eeed  ferment. 


ptocesH  oil  or  fftt  is  introdu(»id  into  a  lead-lined 


The  original  wiodiw  ojxni mil,  in  which  ground  .  vessel  having  a  conical  Ixjttom,  and  provided 


castor  seeds  (together  with  their  husks)  were 
brought  into  an  cunilsion  ^itli  oils  (or  tats) 
and  water,  aUghtly  acidulated  with  acetic  acid 
or  add  salts,  Iwa  been  abandoned,  aa  the  forma> 

tion  of  a  most  troublesome  middle  layer  Wtwcen 
the  fatty  and  aqueous  layers  led  to  considerable 
losses  of  fatty  matter  and  other  concomitant 
drawbacks  (low  quality  of  (rlyrf'rin,  Sec).  Even 
ihc  use  of  decorticated  deeds,  although  |>alliating 
the  evil,  did  not  remedy  the  inconvciiu'nce.>'. 
The  author's  eugecetion,  viz.  to  isolate  the 
ferment  itself,  haslBpen  worked  mit  into  a  nanU' 
faoturin^  pnxcs.s  liy  Xieloux.  who  triturates 
decorticated  castor  seeds  with  ciuitor  or  cotton 
seed  oil,  filters  the  mass  through  a  fine  silk 
gauze,  and  eentrifuges  the  turbid  oil  so  oh- 
taine<l.  The  residue  remaining  uu  the  lilter 
may  Ije  sub]ectt<i  a.- un  to  the  same  process, 
but  in  piactioo  it  is  thrown  away  a«  valueless. 
The  turbid  filtrate  separatee  into  thrse  layen. 
The  excess  of  oil  forms  the  uppermost  layer,  the 
practically  inactive  aleurune  grains  and  mcm- 


with  a  steam-heating  lod  and  a  perforated  coil 
tor  i^iipjiiying  compressed  air.  With  the  aid  of 
the  air  current  an  emulsion  is  produoed,  iiiulst 
about  40  p.c  water,  6  to  8  p.c.  of  the  *  ferment,' 
and  0-2  ji.e.  of  manganese  sulphate  is  introduced. 
After  intermixture  has  been  efiectetl,  the  mass 
is  allowed  to  stand  for  one  or  two  or  more  days, 
according  to  the  required  amount  of  hydrol^'sis. 
Duruxg  liie  tirst  hours,  the  mixture  must  bo 
observed  carefully,  as  separation  of  the  emul- 
silied  mass  may  occur.  By  stirring  aiteth, 
the  emulsifod  state  can  be  te-estaUished,  when 
the  ferment  In-fiins  to  exert  its  action.  Ulien  the 
de»»ire<i  degree  of  hydrolysis  is  reached  the 
mass  is  \varme<l  at  8flr-85%  and  0-3  to  0*45  p.o. 
(reckoned  on  the  fatty  material)  of  a  50  p.c. 
sulphuric  aci<l  is  introduced,  whilst  the  inai>^  i>> 
Btincd  (by  sir).  The  steam  ia  tllMl  turned  ofi, 
and  the  <M)DtGnts  ol  the  vessel  are  allowed  to 
settle.  The  mam  separates  Into  three  layers : 
(1)  an  aqueous  layer  at  the  bottom,  eontuining 
glycerin ;  (2)  a  clear  layer  of  fatty  matter  on 


branes  fall  to  the  bottom,  whikt  the cytoplasma,  !  the  top;  and  (3)  between  these  two  a  middle 

emulsified  in  oil,  is  found  in  the  middle  layer,    layer  consisting  of  an  emidsion  of  albuminoids. 


This  latter  is  used  ius  the  liydrolysing  agent 

Hoyer  also  endeavoured  to  isolate  the 
ferment,  or  at  least  to  obtain  preparations  richer 
in  active  snbetanoe  than  the  castor  seeds  them- 
selves. Hover  insisted  on  the  necessity  (jf 
iirorkiog  in  an  acid  medium,  but  Nicloux  foimd 
that  the  best  teohnioal  results  are  obtahied  in  a 
neutnl  medium  {e.g.  a  solution  of  magnesium  and 
calcium  sulphates),  and  that  it  is  advantageous, 
especially  in  the  case  of  oils  and  fata  con- 


l^lycerin,  fatty  matter,  aiui  water. 


This  middle 

layer  IS  aUoii'ed  to  accumulate,  and  by  warming 
and  renewed  treatment  with  water  a  further 
separation  into  three  layers  can  be  effected,  so 
that  the  loss  incurred  by  the  formation  of  this 
middle  layer  may  be  reduced  to  the  smallest 
poasibie  amount.  If  the  mass  baa  been  allowed 
to  rest  in  the  emidsified  state  for  24  hours,  the 


fatty  matt<;r  cuntttins,  as  a  rule,  about  80  p.c.  of 
I  free  fatty  acids.  By  allowing  the  ferment  to 
taming  gh'oeridee  of  lower  fatt^  acids,  to  re-  l  act  for  24  hours  longer,  a  further  10  p.o.  oc 
move  the  free  acids  by  washing  with  soda.  The  '  neutral  fat  may  be  hydrolysed. 
retardin;r  etTect  of  lower  fatly  aciils  was  con-  It  is  \(Ty  important  to  ascertain  for  each 
firmed  by  Hoyer,  who  found  that  the  cantor  mdividual  oil  or  fat  that  temperature  which  is 
seeds  contain  an  acid-fonnii^  water>8oIuUe  most  suitable  for  it,  and  to  maintain  this  wfaibt 
ferment,    which    pmduoes   sufficient   acid    to   hydndysis  takes  place.    It  is  not  advisable  to 


•  aotivatv '    tliu   lipolytic   ferment  (Nicloux's 

*  lipHBOllifn  *).  and  which  seems  to  consist  of  a 
miacture  of  volatile  fatty  acids  and  lactic  acid. 
A  series  of  experiments  undnrtaken  by  Hoyer 
with  a  view  to  is.ilatin::  ilu  lijxilytic  enzyme 
by  means  of  a  mixture  of  light  petroleum  and 


allow  the  temperature  to  fall  below  20"*,  and  it  w 
bejit  to  work  at  2°  or  3"  above  the  melting-point 
of  the  fat.  As  the  cytoplasma  is  readily 
dc8troye<l  when  heated  to  42°  in  contact  with 
water,  it  is  obvious  that  tallow  is  not  a  suitable 
material  to  he  hydrolysed  by  this  process,  and 


chloroform  led  to  the  preparation  of  *  ferment-  >  it  is  difficult  to  obtain  a  product  containing 

oil.'  consisting  of  a  mixture  of  cantor  oil  and  "75  p.c.  of  free  fatty  acids  from  a  low.uKlting 
protaj)la8Boa  (Nicioux's  cytoplasma),  and  form-    uilow,  whilst  high  -  melt  in  <;  tallows  are  not 

workable  on  a  large  scale.  Th*-  hydndysis  of 
i  tallow  can,  however,  b«'  effect^nl,  if  it  be  mixe<l 
'  with  suitable  oils  or  fat«  .so  as  to  rc<luce  the 

mclting-pouit  of  the  mixture  to  below  36^. 
^      The  ferment  must  be  used  in  as  fresh  a  state 
as  possible.  The  author  observed  that  after  a 


ing  about  04  p.c.  of  the  original  castor  seed 

This  *  ferment-oil*  has  been  replaced  by 
the  preparation    *  ferment-milk '   (termed  in 

technical  pnntice  'ferment').  The  'fer- 
ment *  is  obtained  in  the  following  manner  : 
Decorticated  castor  seeds  arc  gronnd  up  with  a 
large  quantity  of  Miiter  in  a  suitable  mill,  and 
the  ma!<s  is  tillereil  li-um  the  BUKpende<l  solid 
substances,  whereby  a  white  creamy  liquor  is 
obtained.  If  this  hquor  i.s  allowed  to  ferment 
apontaneously,  water  setiarales,  and  there  rises 
to  the  top  a  thick  crcantv  emulsion,  ctinsisting 
of  38  p.c.  of  cai^tor  oil  fatty  acids,  58  p.c  of 
water,  and  4  p.c.  of  albuminoid  substances. 
The  latter  constifntr  \]\.-  nctual  lipolytic  agent. 
Finally,  it  v\-as  found  that  a  better  '  activator ' 


few  days'  '-timding  the  lipolytic  power  becomes 
greatly  reduced.  This  would  be  rcatliiy  ex- 
plained by  the  fact,  observed  by  Hover,  that  the 

'  ferment  '  is  much  morf  easily  affectod  (in- 
juriou-sly)  by  acids  than  u*  the  original  castor 
heed  pulp. 

The  glycerin  obtained  by  this  process  has 
been   described    under    Fermentaiian  Cnufc 

Glycerin  {see  On.s,  Fixed,  a^d  F.vrs). 

With  the  exoe|ition  at  the  ammonia  process 
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No.  4  and  process  No.  1,  all  the  above  described 
processes  are  employed  on  the  largest  scale  in 
the  candle  and  soap  industrieK,  an  has  l)oen 
mentioneil  already  incidentally.  It  need,  there- 
fore, only  Ik?  briefly  rt?poated  that  the  processes 
-enumcratetl  under  Nos.  2  and  5b  anil  to  a  verj' 
small  extent  No.  6c,  form  the  basis  of  the 
sUarine  candle  industry,  whereas  the  processes 
mentioned  under  Nos.  3  and  0  are  practised  in 
the  ioap  industry.  Proce.s8  No.  5  is  carried  out 
on  an  immense  scale,  whereas  No.  G  occupies 
only  a  very  unimportant  position  in  the  soap 
industrj'.  Recently  also  autoclave  processes 
have  been  introcluced  into  soap  works  {ace  Soat). 

Here  we  only  deal  with  the  working-up  of 
the  fatty  matter,  obtaincnl  after  the  removal  of 
the  glycerin  in  candle  work*. 

AUTOCLAN-E  PbCKBSS. 

According  to  the  fatty  material  employed, 
the  composition  of  the  resulting  fatty  acids  will 


naturally  var>'.  The  chief  materials  employed 
hitherto,  at  any  rate  in  this  country  in  the 
saponification  processes  (2),  (ab)  and  (5c)  de- 
scribed above,  are  tallow  and  palm  oil,  or  a 
mixture  of  both  :  hence  it  may  ho  taken  that 
the  fatty  acids  consist  approximately  of  50  p.c. 
of  solid  acids  and  50  p.c.  of  oleic  acid.  Bone  fat, 
especially  on  the  Continent,  is  also  largely 
*  autoclaved  '  for  candle-making  purposes.  The 
kind  of  bone-fat  employed  for  this  purpose  is 
the  benaine-extracted,  which  is  unsuitable  for 
Boan-making  purposes.  Since  candles  made 
exclusively  from  bono  fat  stcarine  are  soft  and 
friable,  it  is  customary  to  make  up  the  charges 
for  the  autoclave  from  a  mixture  of  bone  fat  and 
other  fats.  With  regard  to  goat's  tallow  as  a 
candle  material,  sec  Lewkowitsch,  ii.  642. 

'  Cotton  seed  stearine  '  of  a  high  titer  test — 
above  40** — is  also  used  to  some  extent  as  a  raw 
material  for  candle-making  purposes. 

In  the  United  States  such  lard  stearine  as  is 
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unfit  for  edible  purposes  is  not  infrequently 
con\erted  into  candle  material  by  the  autoclave 
process.  A  sample  of  such  material  examined 
in  the  author's  laboratory  had  the  melting-point 
61-7". 

The  employment  of  palm  oil  ia  somewhat 
restricted  on  the  Continent,  and  other  vegetable 
fats — such  as  vegetable  tallow,  shea  butter, 
mouTah  seed  oil — are  in  use.  The  commercial 
exploitation  of  the  large  supplies  of  vegetable 
fats  suitable  for  the  candle  industry  has  not  yet, 
however,  attracted  such  attention  from  im- 
porters as  this  subject  deserves. 

Since  oleic  acid  is  useless  as  a  candle  material, 
the  next  operation,  after  washing  the  crude 
fatty  acids  free  from  mineral  acid,  is  to  effect 
its  removal  from  the  mixed  fatty  aciils.  Hitherto 
this  has  Ixxjn  principally  done  by  pressing  the 
mixed  fatty  acids.  The  crutle  acids  are  run  into 
shallow  trays  arrangetl  in  tiers,  in  which  the 
fatty  acids  are  allowed  to  crystallise.  These 
trays  are  beat  place<l  in  a  room  which  can  be 
kept  at  any  desirefl  low  temperature  ;  hence 
this  room  is  titt<Hi  with  cooling  coils  fed  with 
cold  brine  from  a  n«frigerating  plant.  The 
temperature  at  which  the  crj'staliisation  takes 
place  is  carefully  regulate*!,  so  as  to  obtain  well- 
formed  crystals  of  stearic  and  palmitic  acids 
emberliled  in  the  mother  liquor  of  oleic  aci<l. 
If  the  fatty  aciils  are  cooletl  too  rapidly,  they 
solidify  to  an  amorphous  mass  from  which  it  is 
extremely  difKcult  to  expR^ss  the  oleic  acid  satis- 
factorily (i.e.  the  mass  '  spues  ').  The  soliditie<l 
mass  is  taken  out  of  the  trays  and  presscil,  at 


first  at  the  ordinary  temperature  in  a  cold  press, 
such  as  is  f^hown  in  Fig.  7.  The  bulk  of  the  oleic 
acid — '  red  oil ' — is  thereby  removed.  The 
hard  cakes  still  contain  too  much  oleic  acid,  and 
are  therefore  pressed  a  second  time,  at  a  some- 
what higher  temperature,  in  a  hot  press  (Fig.  8), 
the  cakes  lx>ing  placed  in  a  bag  of  horse-hair  or 
other  suitable  material,  between  press  plates 
heated  by  live  steam.  In  the  figure  shown,  the 
steam  is  supplied  from  above ;  but  since  the 
stuffing-boxes,  owing  to  the  wear  and  tear  to 
which  they  are  subjectctl.  require  frequent 
renewing,  the  steam  is  supplied  in  more  modem 
presses  from  below. 

The  cakes  art*  allowed  to  stand  under 
pressure  when  heated  until  a  sufhcient  amount 
of  oleic  acid  has  been  expressed  to  leave  them 
white,  ready  to  bo  melted  (after  a  further 
purification  to  remove  the  last  traces  of  lime) 
and  to  be  moulded  into  candles.  The  oleic  acid 
which  runs  from  the  hot-pressed  cakes  contains 
a  cxjnsiderable  amount  of  solid  acids  ('  stearine  '). 
They  are  recoven'«l  either  by  adding  the  material 
to  a  fresh  batch  of  the  original  fatty  acids, 
or  by  subjecting  it,  tocether  with  the  '  red 
oil,'  to  a  process  of  cooling  in  a  refrigerating 
house. 

If  the  *  stearine  '  is  not  sufficiently  white, 
the  mixed  fatty  acids  are  subjected  to  distilla- 
tion, previous  to  lioing  pressed.  For  a  method 
patented  by  L^n^a  for  separating  oleic  acid 
from  the  soUd  acids  by  means  of  a  dilute  solution 
of  stearo-sulphuric  acid,  cj>.  Ixswkowitsch, 
Chem.  Tech.  iii.  175. 
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Tho  *  stearino  '  contained  in  the  '  red  oil  * 
(and  in  tho  runnings  from  tho  hot  prew)  is 
recovered  in  tho  refrigerating  house  by  cooling 
the  liquid  mass.  VariouH  appliances  arc  in 
vogue.    The  simplest  plan  is  to  n-frigeratc  the 


small  quantities  in  mixing  vessels,  fo  as  to  bo 
able  to  stir  the  coole<l  mass.    The  process  rc- 

Suires  attention,  as  the  success  of  the  operation 
ependn  on  the  separation  of  well-formed  crys- 
tals.    These  are  readily  separated  from  tho 


oil  in  large  tanks  fitted  with  a  row  of  coils  !  oleic  acid  by  means  of  a  filter-press, 
through  which  cooled  brine  or  calcium  chloride  '      A  more  rapid  method  of  cooling  consists  in 
solution  is  pumped.    Some  manufacturers  cool  i  allowing  the  red  oil  to  rim  over  a  refrigerating 
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wheel — Petit's  wheel  (Fig.  9).  This  wheel  is 
shown  partly  in  section.  The  cooled  brino 
enters  at  C,  runs  along  the  circumference  of  the 
wheel,  and  leaves  it  at  the  opposite  side.  The 
oleine  is  fed  into  trough  /,  into  which  dips  the 
rotating  wheel,  carrying  with  it  upwards  a  thin 


Fio.  0. 

film  of  oleic  acid,  which  is  thus  rapidly  ccoled 
and  deposits  crystals  of  'stearine.  The 
crvHtalline  mass  on  reaching  the  scraper  h  is 
scraped  oil  and  the  sludgy  mass  is  collected  in 
the  cooled  vessel  f,  from  which  it  is  pumped 
through  pump  p  into  a  filter-press.  The  crystals 
form  an  intermctliato  product,  and  are  mixed 
with  tho  crude  candle  material  at  a  suitable 
stage  of  the  process. 


The  yield  of  candle  material  by  the  autoclave 
'process  depends,  of  course,  on  the  melting-points 
of  the  finishe<i  *  stearine,'  and  on  the  complete- 
ness with  which  the  '  stearine  *  is  recovered  from 
the  '  red  oil.'  It  may,  however,  bo  taken  as 
suflScientls-  accurate  that  the  amount  of  high 
melting  '  stearine  '  from  tallow  or  palm  oil,  or  a 
mixture  of  both,  varies  from  45-47  p.c.  of  the  raw 
material,  about  30  p.c.  being  obtained  from  the 
hot  press  and  the  remainder  from  the  refrige- 
rated *  red  oil.'  Tho  projwrtion  of  finished  oleic 
acid,  'oleine,'  amounts  to  47-48  p.c.  In  the 
case  of  grKKi  tallow,  tho  yield  of  saponification 
crude  glycerin  of  sp.gr.  1'240  reaches  10  p.c. 

The  '  stearine  '  is  used  as  candle  material 
either  as  such,  or  in  admixture  with  paraffin  wax, 
&c.  (»ee  Candlks).  The  oleic  acid,  'oleine,'  is 
either  converted  into  textile  soap  or  used  as  ^ 
wool  oil  {q.v.).  In  the  '  mixe<l  process '  {set 
below)  part  of  the  oleic  acid  is  converted  into 
*  candle  material.' 

If  tho  fatty  acids  obtained  by  the  autoclave 
process  bo  too  dark,  and  hence  do  not  yield  a 
sufficiently  white  candle  material,  they  must  b© 
purified  by  distillation  {see  below).  This  is 
carried  out  in  the  apparatus  describe<l  under 
Acid  saponification. 

During  the  distilling  process  tho  fatty  acids 
do  not  undergo  a  chemical  change,  provided  duo 
care  Ix-  observed  in  conducting  the  distillation. 
Since,  however,  the  autoclaved  mass  contains 
some  small  proportions  of  uni«ponificd  fat, 
which  goes  on  accumulating  in  the  still — 
esjx'cially  if  the  still  be  fed  continuously — 
clecomposition  of  the  unsaponitied  fat  finally 
Uikes  place  with  formation  of  hydrocarbons, 
which  are  produced  somewhat  rapidly  wlicn  the 
areumulated  neutral  fat  amounts  to  12-15  p.c 
of  the  still  contents. 
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Acid  SAPowmcATioN  Process. 

The  further  working  up  of  the  sulphonatcd 
m&Hs  as  obtained  in  proce.sa  5b  in  as  follows  : — 

The  sulphonatctl  inaHs  in  run  into  boiling 
water  and  agitated  by  Ht<>am  until  the  sul- 
phonatcd compounds  are  hydrolysed.  On 
standing,  separation  into  two  layers  takes 
place  :  a  lower  aqueous  layer  containing  the 
sulphuric  acid  employed  and  also  the  gly- 
cerol, and  an  upper  layer  of  fatty  matcriaL 

This  fatty  material  is,  as  a  rule,  so  dark  that 
it  cannot  be  worketl  up  by  pressing  imme- 
diately after  solidifj^'ing.  in  the  manner  described 
below.  In  order  to  obtain  material  of  good 
colour  the  fatty  mass  must  l)e  distilled.  A 
type  of  apparatus  employed  for  this  purpose  is 
illustrateci  by  Fig.  10.  The  fatty  material, 
thoroughly  freed  from  mineral  acid  by  washing 


with  water,  is  charged  into  still  a.  where  it  is 
heated  at  first  by  direct  fire.  When  the  material 
is  sufficiently  hot,  a  current  of  steam,  dried 

SreUminarily  in  v  and  superheated  in  s,  is  intro- 
ucod  through  p^,  and  the  fatty  acids  are  thus 
carrietl  over  through  D,  into  the  cooling  worm  B. 
The  acids  and  the  condensed  >vater  run  into 
box  X,  where  their  separation  takes  place,  and 
any   vapours  escape  through  o.    The  fatty 
material  which  is  ara\f'n  off  at  z,  represents  a 
mixture  of  liquid  acids  and  candle  material, 
which  is  pressed  in  the  cold  and  subsequently 
;  when  hot  as  described  above.    A  largo  number 
I  of  patents  have  been  taken  for  special  forms  of 
I  stills  and  for  processes  claiming  continuous 
feeding,  distillation  in  vacud.  or  both  combined. 
The  ovoid  shape  of  the  still  shown  in  Fig.  10 
I  has  been  largely  replace<l  by  stills  of  lenticular 
I  shape.    In  order  to  reduce  the  height  to  which 
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the  vapourise<l  fatty  acids  must  rise,  the  con> 
densing  srranj^ements  also  vary  widely.  In  the 
plant  shown  m  Fig.  10,  the  whole  distillate  is 
obtained  in  one  mass.  Some  manufacturers 
collect  the  distillate  in  several  fractions,  whereby 
the  subsequent  separation  into  solid  and  liquid 
material  is  somewhat  simplified.  The  portions 
distilling  over  toward.s  the  end  of  the  '  run  are 
so  dark-coloured  and  contaminat4.-d  with  organic 
impurities  that  they  must  be  retlistilled,  hence 
they  are  termed  '  still-retuma.'  For  the 
exemplification    of    the    di.stillation    of  such 

*  still-returns,'  see  Lewkowitsch,  iii.  187. 

The  best  practice  is  to  stop  the  distillation 
when  dark-coloured  distillates  make  their 
ap(>earance  and  to  remove  the  still  residue  into 
a  second  still,  where  the  residues  from  several 

*  runs  '  are  allowed  to  accumulate.  These  are 
then  distilled  separately,  preferably  in  txicv6, 
and  the  diiitillatiun  is  carried  so  far  that  only 
pitch  remains  in  the  still. 

The  acid  saponification  process  leads  to  a 
greater  yield  of  solid  material  than  does  the 
autoclave  process.  Whereas  the  candle  material 
obtained  by  the  latter  process  can  reach  52  p.c, 
the  yield  of  '  stearine  '  by  '  sulphuric  acid 
saponification  '  is  from  01  to  ii3  p.c. ;  hence  only  j 
30-32  p.c.  of  oleic  acid  n-sult  as  a  liy-product  in 
this  process,  as  against  47  p.c.  from  the  auto-  i 
clave  process.  i 


The  conversion  of  oleic  acid  into  candlo 
material  is  of  great  technical  importance  and 
has  formed  one  of  the  most  important  technical 
I  problems  of  the  fat  industry  during  the  last 
j  80  years.  For  a  full  description  of  the  pro- 
cesses employed  on  a  large  scale  the  reader 
must  lx«  referred  to  Lewkowitsch,  Chem.  Tech. 
iii.  188. 

The  glycerin  in  the  acid  saponification  pro- 
I  cess  is  obtained  in  smaller  yield  and,  as  has  been 
sho\Tn  under  Glycebix,  the  quality  is  not  as 

S>od  as  that  obtained  in  the  autoclave  processes, 
enco  a  combination  of  these  two  processes 
suggests  itself,  for  as  regards  increase  of  candle 
material,  the  action  of  sulphuric  acid  on  olein  is 
apparently  the  same  as  on  oleic  acid.  The  com- 
bined method  is  known  as  the  '  mixed  process.' 

Mixed  Process. 

This  process  consists  in  hydrolysing  the  fatty 
material  in  an  autoclave  by  means  of  bases,  thus 
recovering  the  full  amount  of  glycerin,  and  then 
treating  the  fatty  material  with  concentrated 
sulphuric  acid  in  the  manner  described  above. 
^Vny  neutral  fat  which  has  escaped  hydrolysis 
in  the  autoclave  is  thus  saponified.  Therefore, 
in  the  subsequent  distillation  of  the  acidiiied 
material,  loss  neutral  fat  can  accumulate  in  the 
still  than  is  the  case  when  autoclavod,  non- 
acidified,  fatty  acids  are  distilled.    Hence  tho 
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amount  of  hydiocwrbmiB  in  tiie  distillates  is  also  i  aaponification  values,  of  the  acetyl  value,  and 
reduced.  :  the  direct  estimation  of  Htcartc  acid  ;  paUnitio 


The  yield  obtainable  from  neutral  fat*  by 
(ho  '  mixed  process  in  :  c  andlf  nKitt  rial  til  (iSp.c, 
oleic  acid  32-30  p.c,  crude  glyocriu,  sp^gr.  1*240, 
10  ^.c,  pitch  and  loss  2^  p^e. 

The  jirothict  obtainecf  bv  the  Twitchell 
proceiMi,  Xo.  r^h.  In  too  dark  to  bo  made  into 
candle  mat<  rial  by  pressing,  such  as  is  feasible 
•with  autoclaved  mnterial.  It  is  therefore  im- 
perative to  distil  the  acids ;  it  is  advisable 
to  tn-Ht  the  fatty  material,  pnviouH  to  distilla- 
tion, with  conoentiated  sulphurio  aoid. 


aci<l  is  then  found  by  difference. 

By  iiu-aiis  of  the  iodine  value  it  is  possible 
to  differentiate  *  saponification  stearine '  from 
'  distillation  stearine.*  The  iodine  vahie  of  the 

former  mrcly  excerds  a  few  units.  \sherea« 
'  distillation  stearine '  gives  iodinu  values 
varying,  as  a  rale,  t)etwecn  16  and  30. 

U'hc  amount  of  unsaponifiahle  matter  in  ho\}\ 
kinds  of  stt-arine  should  be  negligible.  Tlic 
amount  of  the  mh  should  be  practically  nil.  It 
is  important  to  determine  th»  ash,  as  a  definite 


deaeribed  above,  so  as  to  increase  the  yield  of  |  amount,  even  0-01  PwO.  may  lead  to  guttering  of 


candle  material 

The  Twitchell  process  lends  itself  most 
advantageously  to  raw  material  of  low  quality 
and  rich  in  fatty  acids,  such  as  *  greases,'  which 
cttimut  be  worKed  up  economically  by  auto- 
claving.  The  yield  from  the  Twitchell  process 
is  the  same  as  that  from  the  autoclave  <w  from 
the  mixed  process,  according  to  the  manner  in 
which  the  saponified  material  is  treated,  ex,  ey)t 
in  the  case  of  cocuanut  and  palm  kernel  oils, 
where  a  notable  amount  of 
carried  nwny  with  (he  stoam 
longed  time  of  steaming  with  the  reagent. 

"Stsasinb  "-Cakdls  Maixkul. 
The  solid  material  obtained  by  the  above 

pruees8es  is  knoviTi  in  commerce  as  '  stearine  ' 
and  is  chiefly  employed  in  the  manufacture  of 
candles  {see  Cxswn).  According  to  the  process 
by  which  the  stearine  is  obtained,  we  diiTercn- 
tiato  in  commerce  between  '  saponilicatiun 
stearine '   and    '  distillation   stearine.'  The 


the  oandia  prepued  with  such  matenal. 

J.  L. 

SAPONINS  r.  GLucosmn  and  SnnsA. 
SAPORUBRIN  V.  GLrcosTDEs. 

SAPPHIRE  V.  iU.UMJMUM  ;  aLiO  CuIiUKUUM. 

SARCINE  V.  Hypoxanthine. 
SARCOLACTIC  ACID  v.  Lactic  acid. 
SARD  V.  AoATK  :  Onyx. 

SARDONYX  ■  Agatk. 
SARSAPARiLLA.  {Jtadix  mrsce  ;  HMinc  de 
volatile  acids  4b  i  SaUeparei^,  Vt. ;  SanapanUwwnd^  Ger.)  Of 

during  the  pro-  the  various  kinds  of  sarsaparilln  imj-nirtrd  into 
this  ctiuntry  that  variety  which  originally  camo 
hy  w^y  or  Jiamaica,  and  is  stiU  known  aa 
'Jamaica  sarsaparilla,'  is  alone  recognised  by 
the  British  Pharmacopoeia.  It  was  formerly 
Ixjlieved  to  Ix-  the  rout  of  Smilnr  oJJu'ituiliS 
(Kunthi  Bcntl.  a.  Trim.  289),  but  obeerva< 
tions  on  a  flowering  speeimen  at  Kew  indicate 
that  the  official  drug  is  derived  from  a  distinct 
species  to  which  Sir  J.  Hotiker  gave  the  name 
S.  ormOa  (I^m.)  (Pharm.  J.  [iii.]  19,  989).  It 


*  saponifioation  stearine  '  originates  from  those   i^  a  woody  climbing  plant  which  inhabits  Central 


antoolave  processes  which  are  not  followed  by 
distillation  of  the  fatty  aeids.  The  'distillation 
stearine  '  is  obtained  by  all  those  prooeeeee  in 
which  dffitillation  is  employed  in  the  last  in> 
stance  for  the  rt>tining  of  the  material. 

The  '  saponification  stearine  '  consists  practi- 
oally  of  a  mixture  of  stearic  and  palmitic  acids. 

The  valuation  of  this  material  ia  baflod  on  its 
melting  and  solidifying  points, 
these  are.  the  more  valuable  is  the  material.  A 
definite  iodine  value  indicates  the  amount  of  i 
oleic  acid  left  in  the  piesB  cakes ;  a  definite  I 
difTcrcnce  between  the  i»eutralisntinn  and  the 
sajjonification  values  turresjxinds  to  neutral  fat 
that  has  escaped  hydrol^-sis,  and  has  not  been  ' 
pressed  out  with  the  oleic  acid. 

For  commercial  purposes  it  is  but  rarely 
required  to  ascertain  the  jirojxjrtion  of  palmitic  ' 
and  stearic  acids.  If  the  direct  determination 
of  the  stearic  acid  be  too  troublesome,  the  candle 
material  may  be  valued  on  the  basis  of  its 
soiitlifying  points  and  ul  tiie  neutralisation  vahic. 

'  Distillation  stearine  '  is  also  valued  on  the 
Imsis  of  its  melting  and  solidify inj;  {Mints. 
These  are  usually  lower  than  those  of  the 
'  saponifu  at  ion  st<  arine.'    The  iodine  value  of 
a  '  distillation  stoariuo  '  furnishes  a  measure  of  , 
the  amount  of  *  iflOK»leio  acid  *  preeent ;  and  the  ' 
difference     between     the     neutralisation  and 
saponification  values  is  a  measure  ot  the  amount 
of  lactone  present.    If  the  amount  of  hydroxy-  [ 
Stearic  acid  be  requiroil,  tiie  acetyl  value  must 
be  determined.    \  complete  analynis  of  '  dis- 
t  illation  stearine'  <  ndiraces  the  determination 
of  the  iodine  value,  of  tiie  neutralisation  and  , 


America,  esjiecially  on  the  mountains  known  a« 
the  Cordillera  of'Chirit|ui  in  the  Lsthmus  of 
Panama  adjoining  Costa  Rica,  and  perbape 
other  dishiets  in  the  northern  parts  of  South 

.\merica.  For  br>tanicBl  and  other  characters. 
fifc  Pereira  (Mat.  Med.  3ni  ed.  1153)  and  Fluck. 
a.  Hanb.  70.'i.  Sarsaparilla  is  an  alterative 
medicine,  employed  especiall\'  in  the  treatment 
The  higher  |  of  some  forms  of  syphilis,  but  it  la  not  reganied 
with  the  same  favour  that  it  was  formerly. 

Of  the  constituents  of  sarsaparilla,  with  the 
exception  of  «fareA,  which  occnrs  to  the  greatest 
extent  in  some  of  the  non-olTii  ial  varieties  of  the 
drug,  the  (uily  ones  to  In*  de^eribed  are  a  traw  of 
txJatilfi  otl  and  the  crystalbne  eom]>ound  par- 
illiii.  r.it lie  is  known  of  the  volatile  oil.  Pereira 
obtaiued  only  a  few  drops  frt>m  the  distillation 
of  140  lbs.  of  the  root.  'I'Ins  was  heavier  than 
water,  waa  soluble  in  alcoiiol,  and  possessed  the 
odour  and  acrid  taste  of  sarsaparilla. 

Parillin  wks  diseo\  rred  in  sarsapjn  lll  i  !)y 
Pallola  in  1824  (Brugn.  (jiom.  17,  380},  \*ho 
called  it  also  *  pariglin.'  Fok^  soon  afterwards 
ol)iained  a  similar  substance,  which  he  namtnl 
'  smilaein  '  ;  .nimilftrlv  Thubeuf  described  '  salse- 
pansin  '  I'harni." Chim.   18.  734;   20,  102, 

079),  and  Batka  '  p  irillinic  acid '  (Annalen,  11, 
313).    Finally,  Pog>.'iale  (J.  Pharm.  Chim.  20, 

.^.'3)  |iro\-rd  that   tliise  N'arious  j>ioduets  Wero 

one  and  the  same  compound,  and  for  this  he 
adopted  the  name  *  snnlacin.*   *  Sarsaparillin  * 

is  another  name  for  the  same  sulwtanee.  See 
also  Buchner  (Rcj).  rimrui.  53.  1)  and  Petersen 
(Annalen,  15,74;  17,  166).  Hiickiger,  howcvf^r, 
having  reinveat^p^ted  the  subject*  adopts  the 
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term  *{Mti]lin/  as  originally  emplo3red  by 

Pallotn  (Arch.  Plmrm.  [iii  ]  7.  532;  Pharm.  J. 
[iii.J  8, 488),  Parillui  u»  deiiu^<iU'il  in  a  crystalline 
form,  when  an  nlcohulic  extract  of  the  root, 
after  trvatnicnt  with  animal  ohftroMlp  u  oon- 
ceiitratod.  W  hen  recryHtal!!iierf  from  alcohol, 
it  awumes  tlu'  form  f>f  <  ultmrli-.s.s  nfrdlcs. 
Fiiaokiger  precipitatea  the  cruUo  parillin  from 
the  oonoentnted  aleoholie  solution  by  the  Mldi< 
tion  f)f  uiittT.  and  then  purifies  in  tno  manner 
rleacnbetl.  J'hu  yield  was  about  0"19  p.c  of  the 
root  vmploycxl.  'Air-<lried  paiilliii  melta  at  210°. 
Freed  from  wali^r  at  100°,  it  BtK-mg  to  have  the 
formula  (-'4olI«,<-',,  or  C\,H,,jO,g.  It  is  almost 
injsolublc  in  cold,  though  somewhat  soluble  in 
hot  water ;  is  soluble  in  alcohol  and  loss  so  in 
chloroform.  Dihite  (10  p.c.)  sulphnrio  add 
when  hentid  \vith  parillin  gives  i\  green  colour, 
which  on  further  concentration  clmngea  to  red 
and  bro\«-D.  it  is  a  ghiooride,  yielding  by  the 
action  of  dilute  neids  mignr  and  jxtrif  nin.  Tlie 
latter  comjKiuud  was  oijtained  by  Fliiekiger  ixi 
scaly  cryittals  from  its  solution  in  alcohol.  It  is 
ditftWuiihiad  from  pariUia  by  being  quite 
buoraUe  even  in  hot  water.  Psrillhi  and  pari- 
genin  seem  nearly  reliiled  to  sji]>oiiiii  and 
aapogenin,  if  not  aXso  to  cyclamin  and  cv-cla' 
mhretin.  A.  & 

SARTON.  A  tra<le  name  of  a  proparation 
from  the  truits  or  seeds  of  (Hi/cint  Suju  (Sieb.  and 
Zucc),  [Soja  kisfida  (Miinch)!,  cultivated  in 
Cliina  and  Japan.  U^ed  in  the  treatment  of 
diabetes. 

SASSAFRAS  OIL  c.  On.s,  EssKNTiir.. 
8AS80LITE  {SwmUin  of  D.  L.  G.  Kareten, 
1800).   The  minenilogioal  name  for  bono  add 

TI^T^O,.  Althi  iL'!i  nf  abundant  occurrence  in 
solution  in  the  J  u-jcau  laguonn,  it  is  not  oftijn 
met  with  in  the  solid  state,  but  it  was  so  obsiTved 
by  P.  MaHcagni  around  the  '  sofiioni  '  at  Sa&so 
in  Tuscany.  In  the  crater  of  Vulcano,  one  of  the 
Lipari  Island^;,  it  occurs,  lunvever,  in  some 
abundance  aa  a  layer  on  native  aulphur;  and 
here  it  was  forroerlv  col1e«t«d  oommeircially. 

T..  .1.  S. 

SATIN-SPAR  and  SATINITE  v.  (ivPscM. 

SATIN  WHITE.  A  gelatinoua  aluminium 
hydroxide  mixed  with  ealeitim  sulphat*'  and  free 
lime,  made  by  precipitating  aluminium  sulphate 
with  exoeea  of  lime  in  fairly  atnmg  solution. 
Used  in  eontinf?  paper. 

SAVIN,  OIL  OF,  V.  Oils,  Esskxtui.. 

SAXIFBAan  p.  Barium  nifnile,  an. 
Bajuvm. 

8AX01I  BLUB.  A  term  oooaaionally  appUed 

t<i  n  ^olutiitn  of  indi<To  in  sulphuric  aoid.  TTeed 
also  as  a  synonym  for  smalt. 

•AXOB  OBBBR.   Bmenld  green  9.  Plo< 

MXNTS. 

SCAimON¥  i\  Gum  r£8I>-s. 

MAMDIUM.  Sym.Sc.  At.wt.44a,  The  die- 
ooTery  of  tcandia  by  Wilson  in  1879  was  an  event 
of  the  greatest  »ci©ntifio  interest,  ina,«tmuch  m 
this  oxide  and  its  compoundH  have  jimperties 
oorreaponding  with  those  of  the  hypothetical 
element  *  elmxmm,*  the  exintence  of  which  had 
been  predicted  liv  M' ndi  I.  ,  f  to  fill  a  pap  in  tVie 
perioaio  cla«siticalioa  of  the  elements.  The 
element,  sfandium,  in  distinpuinhed  from  the 
allied  metals  of  the  n  lium  and  yttrium  groups 
'by  it«  i<iw  atomic  weight  and  by  the  feeble  batiic 
•txength  of  ite  oxide  (Nilson/  Ber.  1879,  05l» 


554  ;  1880,  1430,  1439  ;  Compk  lend.  ia79,  88, 
645;  1880,  91.  66.  118;  Cleve.  ih„!.  $9, 
419:  Mendeloef,  Ber.  1881,  11, 

Cteearwiiefc — In  varying  ipiantities  in  the 
following  rare  minerals:  ihortvaitale  (fl>v.), 
ytterMte  (gadolinitc),  euxenite,  yttrotitanate, 
wiikite  (Impilako.  Finknd,  1  p.e.  Se.O,),  urthite 
(ImpilaJio},  auerlite,  cerite,  kcilhauite,  niosan- 
drite,  orangitc.  pyrochlore,  isehynite,  mfmasite, 
thorite.  th(jrianite.  Scandium  is  almost  con- 
stantly a6iK>cialeU  With  tin  or^  and  found 
in  many  specimens  of  wolframite  (Crookt^ 
pDe.  iloy.  Soe.  1908,  80,  A.  616;  R.  J.  Meyer, 
Mi/.uugfibcr.  .AUaU.  VViss.  Berlin,  1910,  398; 
1911,  379;  G.  Eberhard,  ibid.  IfKtS.  S  ,l  ;  1010, 
404;  Zeitach.  anorg.  Chem.         60, 134). 

Separation  and  PuriOcation. 

1.  Fractional  decomfoaition  of  the  mtruleo. 
Aqueous  solutions  of  the  nitrates  are  evaporated 
until  the  normal  nitrates  cry.Htallise  ;  these  salts 
are  then  decomposed  by  gradually  raining  the 
tem{)eratnre  when  nitrous  fume.s  are  evolved 
and  a  vitreous  mass  of  basic  nitrates  is  produced. 
This  product  dissolves  rea^lily  in  hot  water,  and 
the  cooled  solution  dt  po  It  ''i  l  .i  ii  nitrates 
of  the  lees  electropositive  rare  earth  metaitf. 
llie  operation  i«  repeated  systematieally  until 
scandium,  neoytterbium,  anJ  lutecium  in  'ii- 
centrated  in  the  most  readily  decoiupuj>abie 
fraetionB.  Seandinm  nitrate  is  completely 
decomposed  at  ter^'periturcs  at  which  neovtter- 
bium  and  lutecium  nitrates  yield  only  basic 
nitrates  (Nilson,  v.  Mipra;  luiignao,  Cbmpt. 
rend.  187S,  S7.  578L 

2.  The  iKunc  mtt  metikod  of  separaium.  The 
somewhat  troublesome  decomiio^itiou  of  the 
nitrates  by  heat  is  obviated  by  using  Auer  v. 
Wclsbadi'e  method  of  treating  the  oindes  with 
insufficient  nitric  acid  to  convert  all  the  bases 
into  normal  nitrates.  The  pasty  mass  is 
digested  with  alcohol  when  the  normal  nitrates 
disjwjivo  leaving  Ix-hind  the  basic  nitrates.  The 
decomposed  fractions  contain  scandium,  lute- 
cium, and  neoytterbium,  the  less  decompofted 
fractions  consist  roaiidy  of  the  basic  salte  of 
yttrium  and  the  terbium  group  whilst  the  oeriom 
metal.H  remain  as  soluM"'  normal  nitrates  and 
are  thu»  completely  elizninateii.  Erbium  is 
separated  from  lutedum,  neoytterbium,  and 
scandium  by  adding  water  to  the  liot  Milution 
of  the  basic  aalt«  until  a.  permanent  turbidity  is 
obtained, aad  digesting  until  the  last-montioned 
metain  are  precipitAtwl,  leaving  erbium  in  wilu- 
tion  (Monatsh.  1883.  4,  630:  1884.  6.  608; 
Sohottlander,  Ber.  1892.  25,  iiTs  . 

Drossboch  adapUi  the  basic  Milt  method  to 
the  chlorides  instead  of  the  nitrates  (Ber.  1902, 
36,  2820). 

3.  MitctUancmis  viethod«.  Scandium  in 
separated  from  neoytterbium  and  lutecium  by 
taking  advantage  of  the  eireunistanee  that 
although  in  its  .slight  electro-positive  character 
the  metal  is  allie<l  to  these  elements  of  the 
yttrium  group,  yet  it  differs  from  them,  and 
reserobles  the  more  electropoMtive  oerium  metals 
iu  forming  a  douMi  )W)ta.'^.<ium  Huljihiti  only 
very  sparingly  soluble  in  aqueoiUi  i)ota.'^>mm 
sulphate  (Niuon, «.  mpra). 

HydriK-hloric  acid  ."fdtitif^ns  of  i-eiiiulium 
when  treated  with  solid  KKlnini  silieoUuonde  and 
boiled  for  30  mina.  give  a  piedpitate  containing 


Digiiiztxi  by  Google 


650 


thia  element  free  from  the  other  rare  c&rth 
BMteto.  A  sepuratiun  from  aU  these  clemeat« 
oxccpting  thorium  is  eiiected  by  boiling  a  nCUtml 
•ohttiou  with  aodiiun  thiosulphatc  when  scan- 
diam  thioralphate  is  precipitated.  Praetional 
Hublimatiun  of  the  <lioiw  chlorides  leads  to 
a  iieparation,  soaadium  chloride  being  leas 
TolatOe  than  the  thoriiuii  Mit  Boiling  vrith 
excess  of  sodium  carbonate  brin^r^  tliorium  into 
soluiioo,  whilst  the  sp^uialv  soluble  scandium 
sodium  carbonate  4Na,CO,'.Sc,(00,),»6HtO  is 
deposited  (K.  J.  Meyer,  Z' itach.  $aota.  Cben. 
1908,  60,  134  :  1910,  67,  3U«j. 

Soandium  hydroxide  Sc(OH),  is  precipitated 
b;  ammonia  aa  a  white  gelatinous  mass. 

SeUldlam  Ollfe  (aeandia)  Sc,0,.  white 
powlpr.  -ip.'^T.  :V864,  sparingly  soluble  in  ctjld, 
ea.<»ily  soluhl.  m  hot,  aoMls.  The  scandium  salts 
with  lolourlt^  eoid  taditths  axe  tiieniMlTee 
devoid  of  colour. 

SeMldlum  sulphate  S(.s(^^U4)3,GH./>  is  ex- 
tremely soIuIjI.  ill  water;  the  double  sulphate 
Bc,(^4}^3K,S04  is  only  slightly  soluble  in 
•atmated  aoltitioiu  of  alkali  aulphatee.  Seandium 
Selenate  Scj(SeOj3.8H,0  forme  rhomJ.iL  priM.is. 

Scandium  nitrate  Sc{NO,)„4H,0  separates 
only  from  highly  concentrated  soliitiona,  and 
when  heate^l  \i»  11-  two  basic  nitrates. 

Scandium  chloride  8cCl,  and  bromide  ScBr, 
each  cr-.  -  <l!  s<-  with  IjH.O;  the  ^ri^MjffMf 
3SpU,.2Autl,.21H,0  y^ow  needlce,  ia  very 
deliqaeeoont. 

iwHidliim  platlnocyanlde 

Scj[Pt(CN)ilj.21H,f>. 
monoelinic  prisms,  crimson    by  transmitted, 
green  by  reflected,  Ught»  dinohiiig  to  a  oolourieeB 
solution. 

Seandlmn  femto  SeBO,,  white  powder, 
soluble  in  dilute  lu  id,  produced  by  loaiug 
together  scandia  antl  boric  acid. 

Scandium  salts  of  the  fatty  (uidft  are  more 
soluble  in  cold  tliun  hi  )iot  Mntor;  the  tOTBUlta 
(HCOa)jSc  OH,H,0  and  acetate 

(C!H,-CX>t)i8o*OR.3H,0 

arr  crystalline  ;  the  Siilt.s  of  (ho  homoloi^ous  arid- 
arc  amorjihuud  (C  rookes,  Phil.  Trans.  Iy08,  209, 
A,  16;  1910,  210,  A.  359).  These  memoixs 
contain  deaoriptioiw  of  many  otfaM"  soandium 
salts. 

Scandium  oxaUte  Scj(C,04)„5HjO,  crystal- 
line powder,  soluble  in  ammonium  oxalate  and 
dissolving  more  readily  in  dilute  sulphuric  acid 
than  the  oxalates  of  other  rare  rartli  hk  taLs 
{Cleve,  Compt.  rend.  1879,  89,  41'J ;  JBrauner, 
Chem.  Soc.  Trans.  189S,  78,  951). 

Upectra.— Spark  op<ctrum  (Tha]6n,  Compt. 
rend.  188U,  91,  4o  ;  Nilsou,  tJ.  supra ;  Exiier 
and  Uasehek,  Ber.  Wien.  Akad.  1900,  109,  Ila. 
122). 

Are  spectrum  (Exner  and  Haschek,  Die 

WolIrnt:ui  tr.  n  Icr  Bo^ensix-ktra,  1904). 

Are  spectrum  in  relation  to  solar  spectrum 
(v.  Lot  kyer  and  Baxandall,  IW.  Boy.  Soo.  1905, 
638  i  Fowler,  fhil.  Tcana.  1808,  m  A,  47). 

n.  T.  .^r. 

SCAPTIN  r.  DiaiTALis. 

SCARLET,  ATLAS,  BIEBRICH.  BRILUANT, 
COCHINEAL,   CROCEIN,    DOUBLE,   r.  Azo- 

COLOURINO  MATTKKS. 

SCARLET  OGHBE.    Ytiutian  red  v.  Fro. 


SCARLET  RED  (medicinal),  FeUponceau  R. 
CH,-C,H,  N   X-r,n,fCH,)  N  :  X  C^H,  OH. 
preparetl  fioui  di.izotiii'ud  o-aminoazo  toluene  and 
^-naphthol,  Ls  a  dark  reddish^brown  powder,  m.I>. 
about  186',  It  is  in^lu  ble  in  water,  sparingly  ho 
I  in  oold  alcohol,  aoetone,  or  benzene.    One  jiart 
I  dissolves  in  1.1  uf  Llilori)tViriii.  and  it  is  reatUly 
soluble  in  fats  and  fatty  oils,  and  to  a  kes  extent 
in  vaseline  and  paraffin.   Pure  scarlet  red  ia 
I  used  for  stains  in  microsco])iefil  work,  and  has 
been  shown  to  have  valuable  ihcrajwrutio  pro- 
,  perties  (Fi^^r  h.  r.  Miinchener  Medizinische  Woch- 
enschrift,  1906,  No.  42:   Semaine  mMinJe. 
11908,  114). 

It  is  applied  in  the  form  of  an  ointment  to 
wounds,    bums,   uloen,   maUeaders,  braised 
I  knees.  Sec,  both  in  human  and  Teterinary 
,  medicine,  but  it  hfis-  onl\'  ;.'ivi;ti  .•»iiccrssful  n-^ulta 
when  applied  to  eltnan  iial  wuundi*  ot  a  trech  red 
I  colour.    Being  somewhat  irritant,  it  should  nob 
be  left  in  place  continuously  longer  than  a  day. 
I  Its  use  depends  on  the  power  it  possesses  of 
forming  thick  resistant  epithelial  layers. 

The  ointment  may  bo  prepared  by  rubbing 
u|>  8  grms.  ot  scarlet  red  with  chloroform  ou 
until  the  Lhluroform  has cvaporat«d,  then  addinc 
enough  yellow  vaseline  to  form  100  grms.  oi 
ointment;  according  to  Reinhaxdt  the  chloro- 
form may  hf  disprnfjcd  with.  The  ointment 
may  also  be  prepared  by  rubbing  tc^ether  1~2 
grms.  of  scarlet  red  with  equal  p&rta  of  lauoltne 
and  ungueritum  paraffitie  to  make  20  grms.  The 
subcutaneous  ingestion  of  scarlet  re<l  has  also 
bci  n  ill vcstitjated  iiy  Fi.scher ;  also  WemeTp 
Miinch.  Medizin.  Wochenschr.  1908,  2267. 

Scarlet  red  gives  a  blue-green  solution  with 
sulphuric  acid  ;  on  a<l(litioii  of  water  the  colour 
becomes  more  blue  than  scarlet.  Hyrlroehlotio 
acid  acta  similarlv,  the  colours  be  ing  of  a  more 
reddish  tinge,  whilst  nitric  acid  decomposes  the 
I  stain.  0-5  grm.  dissolvcnl  m  2-3  p.p.  of  boilins 
'  glacial  acetic  acid,  and  tn  ai«-(l  \ntii  a  UtUe 
zinc-dust,  gives  a  transitory  blue-red  colour, 
which  finally  changes  to  a  pale  wine  yellow. 
Bri'pH  of  this  Uquid  on  filter  paper  become 
coloured  dirty  red«blue  (Keinhaxot,  Apbotheker 
Zett.  1909,  No.  10).  Aoooiding  to  a  note  ia  the 
Pharm.  J.  1012,  If)?,  timinoazo  tolumr  it.«r  lf  when 
Used  in  the  form  of  an  8  p.c.  ointnuni  is  rijually, 
if  not  move,  effective  than  soarkt  rc<l.  Both 
substances  may  be  emj'loyi  il  wiili  udvanta^jc  in 
blue  ointment  for  sj-philitic  ukcrs  and  rs  dustuig 
powders  in  4-8  p.c.  stn  iimh  with  b<nio  acid. 

Literature. — Kracja,  Miinch.  Medizin.  Wo- 
chciisch.  1908,  1969;  Slot^ber,  ibid.  1910.  No, 
14;  Kiihler.  Medizin.  Klinik.  1908,  836; 
Wossley,  ibid.  1910,  ^o.  U;  Bruhn,  Thera- 
pcutische  NetihdtMi,  1908,  No.  9 ;  Gaudier, 
llcv.  do  Therapeutique.  1910,  671  ;  Lrniairc. 
Echo  Medic.  <lu  Nord.  1910,  June  12  ;  hlraus. 
Deutsche  Meilizin.  Wochensch.  1910,  No.  19; 
Pein,  Thi-rapio  der  Gt  L'  invarf,  1910,  No.  3; 
Koster,  Zeitsch.  Vctcrmarkando,  1910,  No.  7  ; 
l'i<  ir  i.  Rev.  Gener.  de  medicine  V6tArinajre, 
1010,  October  6. 

80AIIUET,  WOOL,  v.  Azo>  oounnoiro  luiv 

TERS. 

SCARLET,  XYLIDINE,  v.  Azo-  colourixo 

KUTTEU-S. 

SCATOLFAGETIC    ACID,  8GATOLB0AR. 

BOXYUC  ACID  t;.  IxDohsa. 
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SCATOLES  r.  Jy-vm.T.s. 
SGHEELfi'S  GREEN  v.  Arsxmic. 
SOHBEUTE.    Native  oaldum  tungstato, 

fn WO  ,,  ( iyiit«llif-f<l  ill  tJif  tetragonal  8>*stein. 
i'or  a  palt-ctiluuml,  stony-looking  mineral  it  is 
aitrprinngly  heavy  (sp.gr.  6^),  and  it  was  eon- 
wqnently  early  known  in  Sweden  tm  tung-^.n, 
moaning*  *  heavy  stone.'  This  name  was  tram- 
ft-rrcd  to  the  element  discovered  in  this  mineral 
by  K.  W.  Soheele  in  1781,  whilst  the  mineral 
itself  came  to  be  known  as  soheelen  and  later 
aa  Kchi'olito.  Well-shapcil  crystals  are  of 
frequent  occurrence ;  those  have  the  form  of 
aentc  square  p^Tamids,  fvith  distinct  cleavages  ; 
parallel  to  their  faces.  The  colour  is  greyish,  ' 
yellowish,  or  brown,  and  the  lustre  vitreous  to 
rcsinou-s ;    hnrdiu'sy    -li.    Aiialv.Hps    f-huw  llif 

Sreaenoe  of  up  to  8  p.c.  of  moly  bdic  acid  replacing 
lie  tongstio  aoid ;  and  the  Tariety  known  as 
cuproscheelitc  forms  a  pagsacjo  to  cuprotungstito  | 
(CuWO^).    iSch<  I  lite  is  deconii»oa©d  by  hytlro-  i 
chloric  acid  with  the  separation  of  tun^stio 
acid.    Crystals  <>{  sditclitc  ))artlv  or  cnmi)li  ti  iy  ■ 
altered  to  wollramite  arc  fouiul  ut  Trumbull 
and  Monroe  in  Connecticut,  and  at  Kimpu-san 
in  provinoe  Kai»  Japan.   These  psuedomorpha 
from  Japan  haw  been  inooneetly  dssoribeo  as 
tetra phonal  jnin  tuogitate  nnder  the  name 
*  rcinitc.' 

Sobeelite  ooonra  together  with  wolfmuite  in 

Veins  of  tin  om,  and  with  gold  in  quart?,- veins 
traversing  jj;runit<'  and  ^rnciHs.  As  an  ore  oi 
tungst«ii  it  is  of  jnuch  h  sh  importance  than 
wolframite.  By  the  ordinary  methods  of 
separation  in  water  any  schcclite  present  in  the 
ore  is  coIIfM'ted  with  tbt-  \\oIfrfinHto,  uiilt-.sfl  the 
latter  is  further  separated  from  tin  ore  by  the 
elect  n  >  -  magnet.  At  only  a  few  places  is  sobeelite 
mined  alone,  dj.  at  Hill<?frrovo  in  New  South 
Wales,  the  Otago  gold-lield  in  New  Zealand, 
Buada  in  North  <^eendand»  Hartley  district 
in  Rhodesia,  California,  and  in  Nova  Scotia. 
Its  Ufics  aro  the  same  as  those  of  wolframite 
(g.r.  L.  J,  S. 

SCUUPPE  S  SALT.  Sodium  sulphatUimo- 
note  V.  ABtmcarr. 

SCHORLOMTTE  v.  Titanium. 

SCHULTZE'S  POWDER  v.  ExFLOsmm. 

SCHWARTZITE  v.  FABL-oa£. 

SCHWEINFURTH  6RBEN.  Emerdd  gmn 

SCHWEITZER  S  REAGENT.    A  soluUon  of 
hydrated  cupric  oxide  ni  ammonia,  nsed  as  a  ; 
solvent  for  ocUuloso  {v.  C1;lt  t  i.<,s;pv 

SCUiLA,  SCILLAIN,  SCILLiM,  SCILU-  ' 
PICRIN,  SCILLITIN,  SCILLOTOXIN*  v.  Sgnau  , 

SCOPARIN,  the  colouring  matter  of  the 
Cytisw  acopariua  (Link.),  has  Ix-cn  investigated 
by  Stcnhou.^f  ( Ann.-ik-ii.  78.  15),  by  Hlaziwetz 
(Aonalen,  138,  190),  and  by  Goldachmidt  and  > 
Himraelmaycr  (Monatsh.  14.  202),  I 

Sraparin  C2oH,„0,o4-5H  jO  ?  crj'stallisoH  in 
small  yellow  needles,  m.p.  2ti2°-219*'.  and  is 
■olnble  in  alkaline  liquids  with  a  pnle-yelk>w 
colour.  From  a  hot  aqueou*«  wibiflun  it  is 
deposited  on  cooling  in  a  gelatinous  tuiulitjun. 
The  following  derivatives  have  Inx-n  prepared. 

MesKuetyl    tcoparin  CmH,40m(C0CH,)|. 
flohniHess  prisms.  m.p.  2S5*-260* ;  h^jmbensm^- ; 
scoparin  CmH,«0,„(C,H«0)^,  yellow  <  r\^t.iI!ino 
powder,  m.p.  14b'-lfi0*;  Koparin  ethyl  tUtet . 


C»H,,o;or,H,),  needle^  m.p.  «72*;  and 
tue^l  acoparin  eihyl  ether 

C«,H,.0,(OC,H,)(C,H,0),. 
needks.  ra.p.  140*-141*  (G.  and  H.). 

By  fusion  with  potash  scopann  gives  vaniUie 
acid,  protoeatedkuie  addt  aetiNc  aoiit  and  jsMoro* 
ghirinol  (F.).  and  by  the  more  pintle  actio'i  of 
the  alicali  phlorogluoinol  and  actiylcatecholnumo- 
methj^  ether 

CH,-CO^^^OCH, 
JOK 


\ 


(G.  and  IT.)  (Perkin,  Chem.  Soc.  Proc.  1899,  15, 
123).  With  boiling  hydriodic  acid  scoparin 
yiekls  1  moleoide  of  methyl  iodide  and  a  new 
colouring  matter  «coparetn  (P.)  is  forme<l,  which 
dyes  shades  almost  i<lentical  with  iIvmu  given 
by  luteolm.  Scoparin  itaclf  is  but  a  ^cble 
dycfltuff,  and  its  tinctorial  properties  are  almost 
indistinguishable  from  those  of  vitexin  ( Vitex 
littorali.s)  [A.  Cuiin.].  Acxordinj;  to  Perkin  (Chem. 
Soc.  Trans.  1900,  77,  423)  soop&rin  is  probably 
methaagyvUexin^  and  wheieaa  vitexin  la  etosely 
related  to  api^rrnin,  vitezin  is  derived  from 
luttolin  methyl  ether 

OCH» 

rt^^co/°■      c.  p. 

SCOPOLiNE  (Oscine)  C,H„0  ,N  w  a  vtget- 
able  alkaloid  said  to  la  t  ur  in  crude  belladonine 
(Merling,  Ber.  1884,  17.  384).  It  is  formed  bv 
boiling  nydrochloric  acid  or  iMuyta  water  with 
scopolamine  or  scopcilamine  hvdrobromide 
( Ladenbuig  and  Roth,  ibid,  1684,  17,  161; 
Lnboldt,  Oum,  Zentr.  1880,  iL  896;  Aroh. 
Pharm.  1898,  236,  11;  Pinner,  Chem.  Zentr. 
1898.  i.  679  ;  see  aim  Hetise,  Annalen,  1891,  2C1. 
100;  ibid.  1892,  271,  114). 

Scopolino  is  a  tertiary  inaotive  base,  con- 
taining one  methyl  group  attached  to  niteogen, 
and  is  closely  allied  tu  trojjine,  from  which 
it  dificrs  by  the  substitution  of  one  oj^rgen  atom 
for  two  hydrogen  atoms.  It  seems  to  oontain  no 
ketonic  oxyj^'en,  but  its  consitution  has  not  yet 
been  fidlv  deterniiued  (Schmidt,  Chem.  Zmtr. 
lOOfik  i.  f  70  ;  Arch.  Pharm.  247  ;  Laden- 

burg,  Annaicu,  1S93.  276,  345;  Ussse,  ibid. 
84  ;  J.  pr.  Chem.  1^02,  [ii.]  66,  194). 

It  forms  colourless,  prismatic,  ver\'  hyL,'ro- 
Boopio  crystals,  m.p.  109%  subliming  at  90% 
Kp.  241*-243*.  Soopoline  is  nadily  redneed  to 
hydroscojKjJine  whkh  contains  two  hydroxyl 
groups,  and  wkiclt,  when  oxidiiied  with  chromic 
acid,  fields  mtthylpiperidine  dicarbctxylic  acid 
0,H,  30iN,HjO,  m.p.  214''-216°.  Oxidis,  d  with 
thruuiio  acid,  scopoline  yickis  mridmc  luetho- 
chloride,  whilst  when  oxidised  with  barium 
permanganate  it  forms  *eopdiae»ine  C^uHOtt 
m.p.  205*-206*,  a  seoondwy  base  wfaieh,  when 
treated  Avith  methyl  iodide  is  reconverted  into 
scopoline.  .Scoijoligcnine  forms  a  nitroso  deriva- 
tive CjH.oOjN  NO,  m.p.  174'*-176*  (Luboldt. /.c. 
22:  Scluiiidt.  Arch.  Pharm.  1S04.  232,409;  1906^ 
2  i;i.  ouU;  Chem.  Zentr.  1896,  i.  1199). 

Scopolme  leadily  forms  eaters  (JLuboldt,  Le. 
33). 

MetJiyUcopoline  forms  a  light  yellow  thidt 
fluid,  b.p.  244"  (<leeomp.),  leadily  sotnUe  in 
water,  alcohol,  or  ether.  * 
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Ac(t;/I  ftcopoVm  CsHiiO.NfCnMe)  is  obtained 
by  hutttirig  suupuline  with  acetic  anhydride  or 
chloride"  at  100*-130°  (D.  R.  P.  70864).  It  haa 
m.p.  53^  b.p.  above  200*.  la  rettdily  aolabia  in 
organic  sulveuts. 

Benaofi  teopoline  is  oUAined  bj{r  the  action 
of  beoaoiio  aohydzide  on  soopobne,  by  the 
repekted  evaporation  of  scopoUnn  benz<Mt«  with 
diluto  hydrochluric  aciil,  ur  \>\  tlic  action  of  a 
current  of  the  latter  gas  oa  an  ethereal  solution 
of  goopoline  and  benzoic  add  (D.  R.  P.  79864  ; 
Hesse,  Annalrn.  27J.  119).  It  forms  a  rrv^tiil. 
line  mans,  m.p.  iib'^-7u'^.  Cinnaawifl  scopoline  is 
forme<l  Mirailarly.  Salicyl  scopolim  fomM  needles 
inaolublc  in  water,  m.p.  105°. 

A  number  of  compounds  of  scopolinc  and  its 
dcrivjith cs  ^\ith  the  haluL!»  ii  and  other  acids, 
and  aUw  with  platini>  and  auri-chlondes,  are 
known  (Sohmidt*  Omib.  Zente,  11N)2,  iL  944; 
D.  R.  P.  228204 ;  and  abo  nearly  all  the  above 
reference«). 

Tropyl  derivativcB  of  scopolino  have  been 
prepared  by  Luboldt  (Arch.  Pharm.  236.  40). 

For  the  ph\'siologiG«l  action  of  scopolinc 
and  its  derivativei,  4ee  Schiller  (Ghem.  &ntr. 
1896.  ii.  1039). 

The  name  eeopolme  was  formerly  ftiven  by 
ExkiiiHii  to  a  glycoside  which  lu-  i-i<(lat<-d  fh)m 
thf  root  of  the  Scopolta  japontca  (Maxim)  (liec. 
trav.  chim.  3.  169;  Pharm.  J.  1884,  16,  Bl;  Ber. 
1802,  307.S).  Hiis  siih.staiiLO  has  th.-  rMn,|„,si- 
tioii  t 'i4ll,o^i».*iii^.  luriiU)  needles,  lu.p.  IXti", 
soluble  in  ooki  water  and  in  alcohol,  but  not  in 
ohlonilonn  or  ether.  Its  solution  in  sulphuric 
aoid  has  a  Une  flttoresoence  and  deoompoees  on 
boiling  thua  : 

SCUTBLLARUi  C,iUmO^,2^U«0  occurs  in 
SeuidJarki,  Mid  insomeotSerXafieatoas  Oak»p«i« 

Tdrafiil { Linti. )  and  TcnrrinmChamcBdrys (linn.) 
chielly  in  the  leaves.  It  is  readily  pnnMire<l  by 
treating  an  aqueous  extract  of  the  leaven  and 
flnwrrs  of  (he  fycitt'llnriti  (iltis.-iima  (Linn.)  with 
1  [i.e.  hvdruchlunc  acul.  &nd  in  thus  obtained  in 
the  form  of  brownish-yellow  needles.  \\'hcn  |)ure 
it  forms  pale  yellow  needles,  melting  above  310°, 
sparingly  soluble  in  atoohol.  soluble  in  ammonia, 
iuknlis.  and  alkali  carlx >natfs  \sith  a  yilloM 
colour.  Alcoholic  lead  acetate  gives  a  re<l 
precipitate,  fcrrio  ehloride  an  intense  green 
folouratiori  y)nssin?  to  red  on  warming,  and  sul- 
phuric uchI  a  y*  solution.  With  strong  acids 
in  the  presenci-  ot  acetic  ac  m1  oriingo  crystalline 
salts  are  produced,  which  are  ujuitable  in  the 
presence  of  water. 

AcciijUcuUUariny  colourless  crystals,  melts  at 
267°.   jb^ised  with  alkali,  soutellarin  i^i^'  s 
hvdroxybmizoto  acid,  and  a  Tcry  small  tiu.u.in >' 
01  a  Hulistnnr-r-  rrvstalli^iiiu'  in  lar^c  |)lat<-s. 

It  seems  prubabie  thai  ut«4larin  is  a 
glnooside,  for  though  it  i.s  \tnatTocted  by  dilttt* 
mineral  acitls.  30^0  p.e.  sulphmu  acid  cnrivertt* 
it  into  McuUllarein  ('uHioU,.  rt-^ddy  huluble  in 
alcohol.  This  yellow  crystalline  substance 
melta  al»ove  ,300°,  gives  with  lead  acetate  an 
orange  procipitate.  and  with  ferric  ehloride  a 
r>'di!i -h-I'MiNMi  i'< >!■  liirnt  ion.  V>\  f\i>ion  \wtli 
alkuii  \i-ht/(irox»/btuzotc  uenl  and  phlvrixjlucmol 
are  prodiii  o<l, 

Seutellarein  is  isomcrii'  \siih  the  luempferol 
described  by  Pirkiu  and  Wdkmsou  (Cheni.  Sue. 


Trans.  1002.  81, 585).  It  is  prolwihly  an  a-jdienyl- 
7-pyroue  derivative,  and  may  be  provisionaily 
represented  by  the  forarala — 

0 

HQ/'V  vCOH 


(Mbliseh  and  Goldschmiedt,  Monatsh.  1901,  22. 
679).  A.  G.  P. 

SEALING-WAX.  (Ctre  a  cacheUr,  Fr. ;  Sitgel- 

lack,  Oct.  )  The  H  indoos  f  rom  ti  me  i  m  memorial 
have  possessed  the  resin  lac,  and  were  lon>:  ac- 
customed to  use  it  for  sealing  manuscripts  beforo 
it  was  known  in  Europe.  It  was  flnt  imported 
from  the  East  into  Venice,  and  then  into  Spain  ; 
in  which  country  sealing-wax  became  the  object 
of  a  oonsiderabfe  oommeroc,  imdor  the  name  of 
Spanish  wax.  In  mediieval  times  the  oompo* 
sition  contained  bees-wax. 

If  shellac  bo  compounded  into  sealing-wax 
immediately  after  it  has  been  separated  by  fusion 
from  the  palest  qualities  of  stick  or  seed  lac,  it 
then  form.*?  a  lietler  ami  less  brittle  article  than 
when  the  shellac  is  fused  a  second  time.  Hence 
sealing-wax  lightly  prepaied  in  the  East  Indies 
deserves  a  preference  over  that  made  in  other 
countries,  where  the  lac  is  not  indigenous. 
Shellac  can  be  re8tore<l  in  some  degree,  however, 
to  a  plastic  and  tenacious  state  oy  melting  it 
with  a  yety  small  portion  of  turpentine.  The 
])alest  shellac  isi  to  he  srU-rtt  i!  f  or  bright-coloured 
sealing-wax,  the  dark  kind  being  reserved  for 
black. 

The  following  proportion*?  may  be  followed 
for  making  red  sealing-wax.    Take  7  oz.  of 
shellac,  4  oz.  of  Venetian  turpentine,  and  3-4 
I  oz.  of  vermilion.   Melt  the  lac  in  a  copper 
1  pan  suspended  over  a  olear  flm,  then  poor 
I  the  turpentine  slowly  into  it,  and  flOOO  slteff- 
ward.i  add   the   vermilion,  stirring  the  mix- 
ture briskly  all  the  time  with  a  rod  in  either 
hand.    In  forming  the  roiuid  sticks  of  sealing- 
I  wax,  a  certain  portion  uf  the  mas^j  should  be 
weighed  while  it  is  ductile,  divided  into  the 
desired  number  of  pieces,  and  then  rolled  out 
u))on  a  warm  marble  slab,  by  means  of  a  smooth 
wooden  block,  like  that  used  hy  apothecaries  for 
rolling  a  mass  of  pills.    The  oval  sticks  of 
sealing-wax  are  oast  in  moulds,  with  the  above 
compnnnd  in  a  state  of  fusion.    The  marks  of 
the  lines  of  junctuni  of  the  mould-bux  may  be 
afterwards  removed  by  holding  the  sticks  over 
j  a  clear  fire,  or  passing  them  over  a  blue 
I  flame.   Marbled  eealing-waz  is  made  by  mixing 
two,  tliree.  or  more  coloured  kinds  of  it  while 
they  are  in  s  semi-fluid  statv.  From  the  viscidity 
of  the  several  masses,  their  incorporation  is  left 
incomplete,  so  as  to  pntduce  the  appearance  of 
marbling.    Gold  seahng-wax  is  made  simply  by 
,  stirring  gold-oolonred  mica  spangles  into  the 
meltetl  resins.    Wax  may  be  scented  by  intro- 
ducing a  little  essential  oil.  essence  of  musk,  or 
other  iK-rfume.    If  1  |>art  of  balsam  of  Peru  I>e 
melted  along  with  9U  parts  of  the  8e«ling->\-ax 
composition,  an  t^gfreeable  fragrance  will  hv  ex> 
hided  in  the  rut   of  ><ealing  with  it.  Either 
idiupbUck  or  ivory-black  serves  for  the  colour- 
ing matter  of  black  wax.    SeaIing-«T»x  is  often 
adulterated  with  re^in  ;  in  which  case  it  runs 
,  iuto  thin  drops  at  the  flame  of  a  candle. 
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The  fiillowlng  proportioM  lie  stated  to  form 
gpod  aeaiiog>wsx : — 

JZeii.— 4  oz.  turpentine,  5|  oi.  shellac,  I|  oz. 

colophony,  IJ  oz.  cinnabar,  magnesiri  i  >  colour. 

Fine  black. — 4|  oz.  Venetian  turpcntuie,  9oz. 
shellac,  ^  oz.  cok^ibony,  lampblack  mixed  Avith 
oil  of  turpeotino  m  mnch  as  \h  required. 

Black, — 4  oz>  Venetian  turpentine,  8  oi. 
shellac,  3  OS.  oolophooiy,  ]Mni»blMk»  tniiil  oil  of 
turpentiDe. 

Fellow. — 2  oz.  Venetton  tarpeDtme»  4  os. 
dielliu  .  1 1  oz.  colophony,  }  oz.  King's  yellow. 

Dark  brown. — 4  oz.  Venetian  turpeutine, 
1\  OB.  duIlM),  I|  08.  bfown  Englidi  earth 
(ochre). 

Light  brown,— 4  oz,  ^'onetiau  turpentine, 
H  Qz,  shellac,  I  oz.  brown  earth,  ^  oz.  cinnabar. 

J}ark  blug, — 3  os.  Venetian  turpentine^  7  os. 
fine  shellao,  1  oc  oolophony,  1  oc  mmeral 

blue. 

Green. — 2  oz.  Venetian  turpentine,  4  oz. 
ahdlne,  1^  oz.  colophony,  ^  oz.  Khig*a  yellow, 
^  oz.  mountain  blue. 

(Jold. — 4  oz.  Venetian  turpentine,  8  oz.  sliel- 
1m»  14  abeets  of  genuine  leaf-gold,  ^  oz.  bronze, 
^  oc.  magneeia  with  oil  of  turpentine  (Ure). 

Sealing-wax  that  can  be  used  without  the 
ntx-<l  for  a  special  flame  in  whic}i  to  melt  it  is 
made  by  easting  the  sticks  with  a  looaelywov^ 
wick  numing  through  the  centre.  When  a 
light  is  applied  to  thf  t<*ick  it  continiips  Imming 
as  long  UH  required  (KrestH^l,  Eng.  Pat.  13027, 
1803  ;  J.  Soe.  Ghem.  Ind.  1893,  I04ff). 

For  the  preparation  of  the  cheaper  varieties 
of  seaUng-T^'ax,  used  for  sealins;  bottles.  Sec,  the 
jx>wclcrcd  ingredients  may  be  simjtly  raixed 
together  and  noulded  into  sticks  imdor  pleasure, 
instead  of  befaig  fused  Uwethar  (Watkuis  and 
Kunn.  Kng.  Pnt.  15180»  18II7;  J.  Boc.  Giem. 
Ind.  1897,  815). 

Sealing-wax  that  is  insoluble  in  alcohol  may 
h*i  made:  (1)  By  melting  together  1  part  of 
canuiuba  wax  and  1  part  of  hard  paraffin,  and 
adding.  %vith  con.stant  .stirring,  r>  parl.s  of  red 
lead  and  2  parts  of  whiting  (J.  8oo.  Chem.  Ind. 
1900,  157).  (2)  By  incorporating  3  parts  of 
slaked  lime  with  about  23  jmrt.s  of  molten 
oolophony,  thus  forming  calcium  re.sinnte  to 
uriiidi  ia  added  a  little  heavy  petroleum  oil  in 
order  to  render  it  leas  brittle  (Ellram,  Eng.  Pat. 
12170.  1899;  J.  Soc.  Chenu  Ind.  I'jm),  452). 

Goldschmidt  (Chera.  Zeit.  liMJ5.  21),  :«) 
recommends  the  use  of  formaldehyde  resins  for 
preparing  sealing-wax. 

Elastir  u  d  t1exil)!e  sealing-wax  is  made  by 
mixing  at  100'^,  lUO  parts  of  gutta-poroha  or 
caoutchouc,  12-4  parts  of  lac,  and  26  parts  of 
rubber,  dissolved  m  benzene  (Sehaar  and  Berg- 
mcister.  Fr.  Pat.  3U1121,  19U8;  J.  Soc.  Chcm. 
Ind.  1908,  1122). 

8BAL  OIL.  Seal  oil  is  obtained  from  the 
bhibber  of  the  ▼arions  spedei  of  seal,  aneh  as 
Phoai  vitulina,  Phoca  gfmiUimiiea,  ^uea 
lagura,  Phoca  caspica,  Ac. 

The  following  ecalH  are  caught  in  the  Aair 
arctie  Ocean  :  Weddell's  ^eal  ( F^cptnni/rhoteJ 
WeddtUij,  ftua-leupard  {Stenarhynchu^  kpkmyx). 
orab*eathig  seal  {Lohodon  eareinophtigwi!),  Roas'a 
leal  {(hmatophoca  jSosM),  sea«elephant  (MacrO' 
fimui  honinus).  Hooker's  sea  lion  (Arctocefhaltut 
Bookeri). 

In  the  early  times  of  *  whaling,'  the  oil  was 


exclusively  'tried'  on  lx>ard  the  whaling 
vessels,  just  as  in  the  case  of  whale  oil.  Later, 
the  seals  were  fanmght  to  rendering  establish* 

mentfl  on  sliorc,  and  the  blubber,  cut  from  the 
animal,  watt  llirow'n  into  large  vessels  of  great 
height,  in  which  the  oil  was  pressed  out  from 
the  lower  hiyera  by  the  yuperincnmlx-nt  weight 
of  the  blul)lHT.  and  the  exuding  oii  \va.s  allowed 
to  run  off  continuously.  The  oil  running  out  a^ 
first  was  pale,  and  almost  free  from  smelL 
When,  however,  the  Unbher  heoame  rancid  and 
even  putrid,  the  oil  obtained  wa.s  rich  in  free 
fatty  acids,  and  besidas  acquired  a  dark  colour 
and  a  naossons  taste  and  odour.  At  ])re.sent, 
seal  oil  is  recovered  by  more  rational  methods, 
such  as  will  be  described  under  the  heading 
*  whale  oil.' 

AoMHNling  aa  the  oil  is  extracted  from  freah 
bhibber  on  boavd  thft  ataamair,  or  fross  UnUwr 
which  ha.s  lx«n  fatoQgbt  to  Bfaotc^  the  ookmr  of 

seal  oil  varies. 

Crude  seal  oils  deposit  '  stcarino  '  on  stand- 
ing, which  is  removed  by  filtering  the  oil.  The 
I  '  stearine  '  is  sold  as  '  fish  stearine  '  or  '  titsh 
tallow  '  for  soap-making  and  currying  purposes. 
The  'stearine  horn  the  first  nm  oil  is  white 
and  almost  free  from  odour,  whereas  the 
'stearine  '  obtained  from  the  la.st  rendered  oil 
is  dark,  high  in  its  proportion  of  free  fatt  v  acids, 
and  of  bad  odour.  This  '  stearine  *  blackens 
easily  on  ex|>o8ure  to  the  atmosphere. 

In  comnurce  wo  find  four  qualities  of  seal 
oil,  which  are  differentiated  a«  'water-white,* 
'  straw,'  '  yellow/  and  '  brou-n  '  seal  oil ;  these 
represent  the  oils  as  they  are  obtained  suooeS' 
.sively  from  the  blublnT  by  '  rendering.'  I'he 
darlcBSt  quality  is  that  which  has  been  the 
longest  in  contact  witit  the  animal  tissue,  and 
has  been  extru  ti  i!  at  she  highest  temperature. 

The  oil  from  i'hoca  fcetida,  occurring  in  the 
Baltic,  differs  notably  from  the  seal  oils  furnished 
by  the  marine  seals  in  respect  of  the  iodine  value. 
This  must  be  attributed  to  the  influence  of  food 
conditioned  by  xhi  /miiia  of  an  inland  sea.  iSuch 
iufluenoe  beoomes  more  pronwmoed  still  in  the 
case  of  the  seid  oil  from  Phoca  fatida,  mr. 
■mimrnsis  Nordl  risf.  a  variety  of  ?eal  ^^hich  has 
adapted  itself  for  many  generations  to  the  fresh 
>vater  of  the  Saima'lake.  (For  the  ohanM< 
tcristics  of  Kca!  oil,  .-re  Oil.-*,  FrxED,  and  Fats.) 

Seal  oil  contains  about  lU  p.c.  of  palmitic 
acid  and  notable  quantities  of  clupanodonic 
aoid.  The  nature  of  the  bulk  of  the  seal  oil 
fatty  acids  has  not  yet  been  investigated. 

Sf-al  oil  is  frequently  adulterated  with  mineral 
oilts  and  rui^in  oiln,  the  detection  of  Avhich  is, 
'  however,  easy.  A  mixture  of  seal  oil  with 
various  tlsh  oil.-^  is  frequently  sold  as  seal  oil. 
I  The  dclcctiou  of  the  adulterant  is  nut  ca^y,  as 
I  neither  the  iodine  vabie  nor  the  bromide  test 
I  furnish  deoisiTe  indications.  In  the  present 
1  state  of  our  knowledge  the  taste  and  sneu  alone 
'  render  some  assistance  in  tlie  examination. 

J.  L. 

8EBACI0  AOID.  Ipomio  acid,  (Miaflre, 
Sebaenuaiife,  IpovMaiire,  Gor. ) 

CO,H[CHjL('0,H. 

Obtained  by  the  dry  distillation  of  oleic  acid  and 
of  boflies  containing  oleic  acid  (Redtenbacher, 

Annalen,  3.'),  ISS)  ;  also  formed  w  hvn  these  bodies 
become  rancid  (liScala,  Chcm.  Zentr.  18U8,  1. 
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439V  Prepared  bytho  notion  of  caustic  alkali  on  j  sulphuric  aciil  ami  a  quantity  of  sodium  nitrat« 
oaator  oil  (ik>ui8,  Annalen,  bO,  3U3 ;  97,  34;  corrosponding  with  the  amount  of  selcniuin. 
Witt,  Ber.  1874,  220) ;  by  the  oxidation  of  sper-  The  mixture  in  then  diluted,  rtimd,  and  steMnis 
maccti,  stearic  af id (Arppe,  Zeitsch.  Chem.  1865,  blown  throii^li  it  till  the  sp.gr.  is  1"25,  the  re- 
296),  jalapiu  or  jalnpinic  acid  (Mayer,  Annalen,  maining  oiitleii  of  nitrogen  bein^  expelled  by  a 
83,  143 ;  95,  160 ;  Ni  i.s<m  and  Bayne,  J.  1874,  '  stream  of  air.  The  aolution  is  hltercd  and  the 
626}  witli  nitario  «cid ;  by  the  eleotroljn*  of  an  i  filtrate  and  waehinga  Me  boUed  with  hydro- 

aqneoiM  eohition  of  the  pota«minm  lalt  of  the   ^i.  —  •   -  - 

monocthyl  ostor  of  miIktic  acid  and  hydrolysing 
the  diethyl  ester  thus  formed  (Browu  and 
WAlfcer,  ADualen,  261,  121);  by  treating  the 
condensation  prwlnct  of  dil»rotnobnfane  and 
magnesium  with  carbon  dioxide  (Gauthier, 
Ann.  Chim.  Phys.  [viii.]  16,  360) ;  also  ol>tiiine<l 
from  shellac  (£ndemaiin,  Cbem.  Zenir.  1908,  i. 
1861).  Has  been  synthesised  from  ethyl 
sodiomnlonatc  and  hfxaniethvknc  dibromide 
(Haworth  and  Perkin,  Q>em.  6oc.  Tran»,  1894, 
600).  Sahlfieid  ( fkig.  Pat.  18940 ;  J.  Soo.  Chem. 
Ind.  1896,  909)  pn^parr';  scbar  ir  acid  by  distilling 
wool  grease  or  fuJImg  grease  from  a  retort, 
■Qperheated  to  300*,  steam  being  injected  into 
the  neok  of  the  retort.  Sebacic  acid  crj'Atallises 
in  colourless  nodular  masses,  m.p.  129*  (Massol, 
Bull.  Soc.  (him.  [iii.]  17,  74t))  ;  readily  soluble  in 
alcohol  or  other,  sparingly  soluble*  in  water. 
On  oxidetioQ  with  nitrio  aotd  or  permanganate, 
adipic.  phitaric.  and  snci  inir  aci'ls  arc  jtroduced 
(Arppe, I.e.;  i-nn'tU',  Bull.  Sic.  chim.  [li.j  45, 270). 
By  beating  the  aci^  with  lime,  sebacin  C,oH,,. 
valcraldehyde  and  oBnanthoI  arc  produced  (Calvi, 
Annalen.  91.  110;  Petersen,  ibid.  103.  184). 
The  anhydride  melts  at  78*-79°  (Anderlini.  Ber. 
1894.  Bef.  40fi).  The  eaten  of  sebaoio  eoid  oen 
be  need  in  the  mannfaetim  of  celluloid  (Gold- 
smith and  British  Xylonite  Co..  D.  R.  P. 
189738;  Chem.  Zentr.  1903,  i.  749). 

SBORBTAOB. 
or  some  of  its  salts  is  employed  to  impart  tO  the 
fur  of  animak  the  property  of  feltingi 

SBOURTTB  V.  Ezfiosivbs. 

SEED  LAC  Rksixs. 

S£1GN£TT£S  SALT.   (Polas*ium  sodium 
tartrate 

n(inic<l  fr 

an  apotliecary  m  iiochelle,  in  1672. 

SBUnriTB.  Hydrated  cabdim  ttdjAaU  {v. 

Caixjium  ;  al«o  GvrsuM). 

SELENIUM.  Sym.  Se.  At.wt.  79-2 
(Pettersson  and  Ekman,  Lenher,  Meyer,  sef. 
alsoOlivari.  Atti.  R.  Accad.  Lincei.  I908,'[v.l  17. 
ii.  389;  1909.  18.  i.  ;  ii.  94.  264).  This 
element  was  cliKcovered  by  Berzelius  in  1817  in 
the  deposit  of  »  ralphuric  acid  maoofactured  at 
Oripaholm,  and  is  widely  distributed  in  small 
quant  it  ir-.  It  oocurs  native-  in  cavities  in 
Vesuvmu  lavas.  In  combmation  it  is  found  as 
mdphur^rlrnide  or  ^denstdphurm  native  sulphur; 
as  chijuithalitr  Pl».Se.  UhrbachiU  PhS*  .ffj^^SV. 
unofrUr  HKSe,4llgS,  eucairitc  Cufc>e,AgjS<',  crooke- 
site  {CuTl.A^)S<>.  and  other  nineniJe.  It  occurs 
in  menv  Tarieties  of  copper  and  iron  pvTites, 
efipeoiaUy  in  Nonvesian  pyrites,  and  i.s  pre- 
rl)>if;ii(  d  from  the  sulphuric  acid  ]i;n<  d  from 
ttu-iii.  It  ha.s  iK-en  found  by  U.  K.  Warren  in 
nu'teorir  iron,  and  in  the  mineral  waters  from 
Hoc  hi -rnsay  (Tabouiy,  BuU.  Soo.  chim. 
V.m.  [iv.l  5.  Hi\5). 

Sok-nium  is  prepannj  from  the  dt^pj.-it  from 
sulphuric  acid  in  the  chajuberM  and  Clover's 
towers.  The  deposit  Ib  holkd  with  cuuccutrated 


ohiorio  add,  after  wbieh  the  selenium  is  pre. 

cipitated  l>y  a  .stream  of  purified  sulplmr  dioxide. 
After  washing  and  drying  99  p.c.  selenium  is 
obtained  (Littmann,  Zeitsch.  an||ew.  CSwm.  1906, 
19,  1081).  Instead  of  sodium  nitrate,  potassium 
permanganate  and  sodium  chloride  may  be 
used  (Koch.  1).  II.  P.  187487, 1908 ;  J. Soo.  Gben. 
Ind.  1906,  1220). 

By  a  second  method  the  chamber  deposit  is  - 
hrnt  il  with  foru cntrattMl  {Hftassium  cyanide 
solution  until  it  becomes  grey.  The  solntioil* 
containing  potassium  sclenocyanate,  is  ^tersd 
and  treate(i  with  liydrochloric  acid  and  sul- 
phurous acid.  The  selenium  is  best  purified 
Ly  evaporation  to  dryness  with  nitric  acid, 
subliming  the  selcnious  oxide  so  formed  in  a 
current  of  air  and  then  dissolving  it  in  water 
ami  prccipitat int;  seleiiiuni  by  means  of  hydro- 
chiuriu  acid  and  sulphur  dioxide,  the  process 
bfing  repeeted  seTersl  times  (ThrriMl,  Free. 
Roy.  S<.)e.  1907,  A,  79,  167). 

iSilenium,  like  sulphur  with  which   it  is 
isomorphous,  exists  in  diflferent  allotropu  forms 
(Coninck,  Compt.  rend.  1906,  142,  671  ;   143,  ^ 
682 ;  (Joninck  and  Raj'naud,  BuU.  Acad.  Roy. 
Belg.  l!K»7,  3(35:  1908,  67). 

Amorvhoua  sdenium  is  formed  as  a  finely 
divided  briok>red  powder  when  »  solution  of 
selenions  acid  i.s  precipitated  by  sulphur  dioxide 
gas,  or  wlien  the  acid  la  rt'<hircd  hy  xine,  .stannous 
A  process  in  whioh  menmry  j  chloride,  or  other  rcducini.:  agents.    It  has  a 
*      "        -  -    .-    '  sp.gr.  4*26.  and  is  tiohdjle  in  carbon  disulphide. 

SemicoUoidul  rid  amorphous  selemum  is 
formed  when  solutions  of  dextrose  and  selenious 
or  selenic  acid  are  gently  heated  together.  At 
100*  it  is  partially  traiufoniied  into  ordhuuy 

r^H^i^W-TH  o  JL'^«^*»rw^*'S!  '  W«ck  s^lenifim  (Coninck  and  Chaaveoet,  Ooopt 
C,H.0,K^a.4H,0  or  Soekdhs^)  Bo  ■.  ^end.  1905,  141  1234). 

mm  hn^  ll'^^o^Ted  by  Seignette,  I      Colloidal  selenium  can  also  be  obtained  by  — 

dissolving  in  water  Ihe  red  m  N  juuni  otitamed  bj' 
the  retluction  of  selenium  ilioxule.  Tlie  solution 
iH  blood-red.  but  assumes  an  oxaage«ti]it  when 
sufficiently  diluted  with  water. 

Simibr  tnlntions  tt«  produced  by  the  reduo* 
tion  of  selenious  acid  in  aqueous  sodiuni  protal- 
l>at«  or  lysalbate  with  hydrazine  hydrate  or 
hydroxy  la  mine  hydrochloride.  The  precipitate 
i.H  then  ihssolved  in  sodimn  (  arl  onate  and  the 
solution  dialvrted.  On  gentle  evapuration.  stable 
red  gliHtenini»  flakes,  completely  poluble  in  \\ater, 
are  obtained  (Plaai  and  Koch.  Ber.  1906.  3^. 
526).  For  other  methods  of  pittdneing  ooUoidal 
.selenium.  ]>itni  tr,  Chem.  Zentr.  19<ir».  ii. 
741  ;  Miiller  and  Kou-akoHisiu,  Ber.  1905,  38, 
3779;  Gutbier  and  Lohmann,  Zeitsch.  anors. 
Chem.  1904.  42,  326;  im»  43,  384 1  D.  R.  P. 
164664,  1904. 

Vitreous  seUmnm  in  fornifd  wlicn  the 
amorphous  variety  i»  heated  to  217°  and  then 
rapidly  cooletl.  It  forms  a  brownish-blaek, 
f-riitli.  :  lii,H.sy  nia.f.s  of  .np.gr.  4'28,  soluble  in 
carixm di.^uJphide.  Like  the  ordinaiy  amorohous 
seloninm  it  does  not  conduct  electrioity.  These 
three  forms  are  generally  renndt  (1  .t^  all  belong- 
iug  to  one  ailotropic  mudiu<;»mun  aud  are 
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sometimes  known  a«  *  liquid '  8eleiuiiin(Sftandex9» 
J.  Phvs.  Chem.  1900.  4.  423). 

The  red  crijsttiUiu<^  form  Kolublo  in  carbon 
dunUphido,  separates  out  vehea  the  latter  is  put 
into  oonteot  with  amorphmu  Mlouam.  Thie 
variety  exists  in  two  modifications,  both  bdong* 
ing  to  the  monoolinic  syatem. 

MelaUic  selenium  is  obtained  when  melted 
selenium  is  cooled  quickly  to  210*  and  then 
maintained  at  that  temperature  for  some  time 
(Littmanii,  Lc.  :  Marc.  B«  r.  1900.  39,  697),  \>y 
placing  amorphoua  selenium  in  contact  with 
aniline  or  qufiioUne  (Sohrotfc,  Chem.  Zeit.  1906. 
30,  Rt'p.  384),  or  by  fti.sin^  tho  vitrtwis  form 
between  carbon  plii;e3  and  then  allowing  to 
cool  dowly  {Oosto,  Compt.  rend.  1906.  141.  716). 
When  a  solution  in  pot»is.«iTira  hvdroxidc  at 
230*  is  allowed  to  cool  isluwly  mctailic  stleuium 
separates  out  in  long  needles,  ap.gr.  4-82,  and 
m-p.  210*  (Goflte,  Ooropt  wad.  1909, 149»  674). 
Other  varieties  of  metallio  seleniiim  melt  at 
210*  and  at  217".  Metallio  selenium  is  mon.' 
stable  and  less  ohemioaliy  active  than  the 
amorphoas  or  red  ervstalline  forms. 
— --~  Grey  crr»tfilline  metallic  fsrlonium  also 
occurs  in  two  modifications.  One,  A,  forms 
round  granular  crystals  stable  at  140°.  and  in  the 
dark,  is  a  nonHwnductor  of  electricity;  thd 
other,  B,  formed  wfacm  A  is  heated  to  200"  for 
some  time  ut  is  exposed  to  light,  forms  longer 
crystals  somewhat  less  soluble  in  carbon  di-sul- 
phtde,  and  is  a  good  oonduotor  of  electricity 
(Marc,  Zeit«ch.  anorp.  Chrm.  1903,  37,  469; 
1907,  63,  298 ;  Ries,  Fhysik.  Zeitsch.  1908,  9, 
228). 

The  elcotrioal  xeeistanoe  of  seUmium  is,  in 
general,  increased  when  heated  and  diminished 

con.-iidLTably  on  cxjiosup'  to  Ii;_'ht,  the-  ne'tirin 
being  principally  produced  by  the  red  rays 
(Mho.  ZeilMli.  anofg.  CSiem.  1906.  48, 303 ;  SO, 
446 ;  and  I.e. ;  Hesehus,  Chem.  Zentr.  1900,  i. 
1080).  The  change  of  conductivity  is  in:»taa- 
tamou,  and  is  almost  double  in  sunlight,  but 
even  the  light  from  a  small  lamp  has  a  noticeable 
effect.  The  resistance  gra<luaily  returns  after 
removal  from  light.  On  this  property  tk  i»  luls 
the  oonst ruction  of  tho  pholophone,  in  which 
Ikht  is  ooOTerted  into  eleotrioitv  (Carpini,  Atti. 
K  AccJid.  Lincei.  1005,  [v.]  1  \,  W)7). 

^  For  tho  use  of  selenium  celb  for  hpeclro- 
pbotometrio  purposes  generally,  se6  Bloch, 
(V.mpt.  rend.  IWl,  132,  914;  Torda  and  Bor- 
nand.  Eny.  Pal.  4020,  1905  ;  J.  Soc.  (  hem.  Ind. 
1906,  91 ;  Marc.  I.e. ;  1903,  37.  459. 

^  A.  Weinhold  (l>iDgt.  poly.  J.  239.  160)  has 
deecrtbed  the  preparation  of  seleninm  Tesistanoe 
rods  for  photoplintiic  purposes. 

Tho  electrical  rcHistauoe  of  .sel'-niuin  id 
diminished  by  radium  and  Rftntgen  rays,  and  ' 
by  the  pri^ximity  of  turpentine,  of  hj'drogen 
peroxide  (Bloch,  Ix.  %  Aubcl,  Compt,  rend,  i 
1903.  130.  929).  and  .>t  vwdons  pigments  I 
(Griffiths,  ibid.  1903,  137,  617).  j 
Selenium  has  also  been  used  for  obeerrations  ; 
of  tho  tran^t  of  Vcnu-H  and  of  tho  sun'.-   i  !i|wc. 

Selenium  has  been  employed  in  the  pro- 
duolwm  of  coloured  glass,  a  rose  tint  being  t 
obtained  by  the  direct  additii^n  r.f  s.  Ii  tuuui  to 
the  meltinjr-pot.  An  oran>{e.re<l  «:uluur  ia  pro- 
duwd  when  cadmium  sulphide  is  mixed  with  tho 
selenium  l>cfnre  adding  the  latter  to  the  molten 
glass  (Eng.  &  Mining  J.  Dec.  18.  1897.  731).  I 


Selenium  boils  at  690*  at  760  mm.  (Berthelot, 
Compt.  rend.  1902.  134.  T.**)  forming  a  dark-red 
va^jour  of  anomalons  <ii  'i  "ty  at  temperatun'S 
near  tho  boiling-point  but  normal  at  1420% 
corresponding  with  the  iormnla  Se^  Li  • 
hi^rh  \  aeutim  it  boib  at  810*  (KnfEt^  Ber.  1903, 
36.  1690,  4344). 

Seleninm  is  odourless  and  tasteless,  but  the' 
vapour  possesses  an  odour  of  putrid  horseradish. 
It  Dums  with  a  reddish-blue  flame.  In  cold  con- 
cent ratid  sulphuric  acid  it  dissolves  with  a  fine 
green  colour,  with  formation  of  aelenoenlphur 
triosde  6e80|,  from  which  eolation  eefeninm 
is  precipitate<l  by  water.  It  mixes  in  all  pro. 
portions  with  sulphur,  crystals  containhig  txjth 
elements  in  varying  proportions  being  deposited 
from  their  .solution  m  carbon  disulphide  (Rathke, 
Ber.  1903,  30,  594).  Selenium  can  aLu  re}ilaco 
sulphur  in  alums  and  in  many  organic  com- 
pounds (Gutbier.  Zeitech.  aoorg.  Chem.  1002. 
32,  267  ;  Frerichs,  Aroh.  Fhann.  1903, 241, 177 ; 
Coos,  Ber.  1902.  36,  4109;  Chabri^  and  Bou- 
chonnet,  Compt.  rend.  1903,  136.  376;  St«U6 
and  Gutmann,  J.  pr.  Chem.  1904.  ii.  60.  609; 
Becker  and  Meyer.  Ber.  1904,  2550  ;  Edinger 
and  Ritsema.  .J.  pr.  Chem.  19<J3,  |  ii. J  (58, 72;  Scott, 
Chem.  Soc.  Proc.  1904,  lofi  ;  .Smih  s  and  Hilditch. 
ibid.  1907.  12 ;  Michadis,  Annalea,  1906»  338. 
267;  1907,  352,  152;  Freriefajs  and  Wildt. 
ibid.  1908.  360,  105  ;  .Simon.  Monat..^h.  lOO.',  26, 
969 ;  Tabour}',  Bull.  Soc.  chim.  1900,  fiii.]  36, 
668;  Krsfft,  Ber.  1906,  39,  2197;  TwhngMll, 
ibid.  1909,  42.  49;  Doughty,  Amer.  Chem.  J. 
1909.  41.  326). 

Selenoantipyrine  C,,HijN,Se  is  prepared  by 
treating  antipyrine  hydrochloride  with  potas- 
slum  selenide  or  hydroseletiide.  It  forms  light 
yellow  ^lisU'tiint:  crystal",  ni.p.  168*  (Miehacii?, 
Zeitsch.  angew.  Chem.  1901, 14, 1027 ;  Annakn, 
1002.  320. 1). 

Selenium  combines  direct  h'  with  many 
metals  forming  sdcnidcs ;  it  reduces  hilvcr 
chloride  in  the  cold,  and  gold  compounds  when 
heated  to  boilinc,  the  mctailic  selenides  being 
formed  (Hall  and  Lenher,  J.  Amer.  Chem.  Soc, 
UK)2.  24.  91  SI, 

Selaniiiietted  hydrogen  SeH^  is  produced  by 
the  action  of  dihtte  hyvboehlorie  aoid  on  ferrone 

or  alkaline  selenide  or  by  heating  scl«  nium  in 
hydroffBU  gas,  the  quantity  produced  dc])eniHng 
in  the  latter  case  upon  tho  temperature.  It  do 
composes  when  heated,  so  that  when  .selenium 
is  heated  in  hj'drogcn  in  a  glass  tube  the  hydricle 
ia  at  first  pro<luce<l.  and  is  nL'ain  rethioed  with 
depoeition  of  otystalline  selenium  on  the  colder 
parte  of  the  tnhe  (Trontman.  Bull.  Soe.  Ind. 
Mullionse.  1891.  87;  Pelabon,  C-ompt.  rend. 
1S94.  118.  142  ;  1894,  119,  73  :  1895.  121.  401  ; 
1897,  124.  .360;  Botlonstein,  Zeitsch.  phvsikil. 
Ch(  rn.  1899,  29,  429;  Jonee,  Mem.  llanch. 
Phil.  Soc.  1904,  48,  1). 

It  IS  a  colourless  poisonous  gas  of  persistent 
foetid  odour,  more  soluble  in  water  than  8ttl> 

fihuretted  hydrogen,  the  solution  being  acid  to 
itmus  and  abfiurliin;.'  nxvircn  frr»m  the  air.  with 
deposition  of  retl  jjck-nmni.  It  precipitates 
most  heavy  metals  as  selenides.  The  gas 
condenses  to  a  liquid*  Kp.  •~42*»  which  solidifies 
at  -(>4*. 

Selenium  forms  one  oxide  SeOg.  produce  1  by 
evaporating  selenium  with  nitric  acid  (Krafft 
and  Steiner.  Bar.  1901,  34,  560),  or  by  heating 
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tho  metal  in  dried  oxygen,  in  white  neodlo- 
shftpcMl  hygroHoopio  crTRtAlH,  which  sublime 
uninclt«<l  at  alKnit  300*,  forming  a  vellow  vapoVT 
(CoDinok.  Compt.  rend.  1006,  142/671). 

Selenitun  dioxide  yMd«  yellow  orystolUne 
a<l(litiv©  compounds  wth  tctracthyl-  and  totCft* 
methyl-ammonium  chlorides,  such  as 

SeO,.2NMe4a 

(CAmcvali,  AttL  &.  JMi.  linoei.  190S,  17, 

ii.  385). 

Selenions  wM  H^cOj  is  piuduoed  by  sola. 

tion  of  8clenium  in  nitric  acid  or  of  selcninua 
oxido  in  hot  water.  It  orystalilBCa  from  solution 
in  oolouilees  prisms. 

It  is  reduced  by  many  organic  substances, 
by  sulphur  dioxido  in  tlio  presence  of  acid,  or 
when  exposed  to  the  air,  red  selenium  being 
formed  (Coninck  and  Chauvonet»  Ball.  Acad. 
Boy.  Belg.  1906,  81 :  Chabrii  and  Lapicque, 
Compt.  n-tul.  1890,  no,  1,-2). 

A  number  of  acid  and  neutral  aelenites  are 
known.  They  are  Tery  poisonous  and  all  evolve 
selenium  when  heatod  with  ammonium  chloride 
in  a  tul>f\  or  when  ttcUnl  on  by  certain  moulds 
an<l  l>!ict<  rm  (Gosio.  Atti.  Roy.  Accad.  Linoei. 
1004»  [v.]  13,  i.  642),  producing  the  horse- 
radiBh  smell  when  heatea  on  charcoal  in  the 
reducing  flame  owing  to  the  ftirnmtion  uf  a 
carbon  diuelenide  (Bathkc,  Ber.  1903,  36,  600). 

Thiomutomhinout  aeid  (HCNS),H,8eO,  U 
described  by  Iwanoff  (Chem.  Zeit.  VM)H.  r^2.  466). 

Selenie  acid  HjSeO^  may  be  pixjiluct  tl  by  the 
action  of  chlorine  or  bromine  on  aqueous  sele- 
nious  acid.  When  Kelenitoe are  similarly  treated, 
selenates  arc  pnxlucetl. 

Selenie  acid  i»  c*mvcniently  prepartrl  ]iy 
electrolysing  a  solution  of  selemous  acid  at 
0(y*-4iO^  containing  an  ^xocM  of  nitric  acid  and 
employing  a  current  of  1  .">  ani]>r  rnR  j«  r  squnro 
cm.  for  about  100  c.c.  ut  solution  ((.ilauauer, 
(  hem.  Zi  it.  1907,  31.  630  ;  Manudli  and  Laaaa- 
rini,  Gazz.  chim.  ital.  1909.  39,  i.  50).  Also  bv 
the  electrolysis*  of  lead  selenat«;  (Mathers,  .1. 
Amer.  Chem.  Soc.  HK)8.  30,  1374).  or  copper 
selenate  (Metasner,  C^mpt.  rend.  1898,  127,  54). 
It  cannot  be  obtained  in  the  anhydrous  condition 
by  rvapnr.'if  lull  in  air  a~  it  (I(M«imiH».ses  into 
t».\'ygen,  water,  ami  seienioua  oxidu  at  280". 
But  if  hcateil  in  a  vacuum  to  180*  and  then 
cooled,  the  jiroduct  soliiiifies  Uy  a  crystalline 
ma«.s  consisting  of  the  pure  aoi«l  (C'-araeron  and 
Macallan,  Chem.  News,  1889.  59.  219).  It 
melts  at  56." i  like  sulphuric  it  chars  organic 
matter,  and  combines  eagerly  with  water  forming 
n    iiionohydratf.  26°,  and   also   u  lilm- 

hydrate,  Aquc m-^  si ilution  of  this  acifl  iliei»ulM*H 
gold,  copper,  ir. m.  and  other  melAl.s,  forming 
Belenates.  which  closely  resem^ili  -ulfiliatca 
(IjtMih«T,  J.  Amer.  Chem.  ISoe.  11R»2,  24,  354); 
tli's  -ire  all  reduceil  to  selenites  when  heated 
with  hydrochloric  acid. 

Selenie  acid  is  reduced  to  selenium  by  formic, 
oxalic,  rn;Tl<>iii(  or  |i\ruvir  aci'I.  aiiil  atsu  by 
various  aldehyties  (Conuiek  and  Clwuvcnet,  l.c. 
601). 

Nitrogen  tetroxidc  reacts  with  a  conccn- 
tratod  solution  of  .-n-lcnic  ucid  cooled  with  solid 
carbon  dioxide,  forming'  the  compound 

.Se()^(OX())j 

(lirdmaim,  Ber.  1906,  39,  1207). 

Aoids  containing  both  aiilphur  and  selenium 


are  alaa  known,  as  tdtnotvlphwric  adA  UaSaSOg 

and  »^i€Mtriihion\c  acid  H,SeStO^ 

Sekninm  forms  two  cMoridoi  and  an  ox>i- 

chloride  SOjCl,,  Sea4.  SeOa,  (Lamb.  Amer. 

Chem.  J.  1909.  30,  808 ;  Lenher  and  Korth.  J. 

Amer.  Chem.  Soc.  1907,  20.  33).  and  thf>  rorre 

spending  bromides,  an  oatybromid^,  and  two 

diterobnmides    8eClBr,   and   SeBrCl,;  but. 

according  to  Pellini  and  Pedrina  (Atti.  B. 

Accad.  Liucci,  1908  [v.]  ii.  78 ;  1909  [v.]  18,  i. 
:  463),  selenium  doea  not  form  oompounds  with 
j  iodine. 

I     It  femw  oomvlex:  coupoonds  with  the 

halogens  and  sulpmir  (Prandtl  and  Boiinakii 
ZeitMch.  anorg.  Chem.  1909,  62,  237). 

Selenium  tetraflaorHe  SeF4  is  produced  by 
.  the  action  of  fluorine  on  selenium  in  a  metal 
veiwel.    It  is  a  colourless  liquid  boiling  aboTO 
100"  and  solidifying  at  —80".    It  is  «lecompo8e<l 
I  by  water  forming  hyrlmfluorio  and  selenious  acids 
I  and  attacks  glau  r!\]M(liv  (Lebean.  Gompt.Tend. 
I!K)7,  144.1042).    A.  eH.i^m- to  rri.leaux(Chem. 
>Soc.  TranM.  1906,  320)  a  hexatluordide  also  exists 
(Lcbeau,  I.e. ;  and  1347 ;  Bamaay,  Compt.  tend. 
1907.  144,  liwy. 

Sdeniui/i  mln'de  SeN  is  olilaine<l  by  passing 
ammonia  gas  through  a  dilute  solution  of  selenyl 
chloride  SeOCIt  in  benzene.    It  is  a  brick<red» 
highlv  explosive  powder  (I^nher  and  Wolesen* 
jsky.  .'I.  Amer.  Chem.  .^.c.  I'lfiT.  -JO.  21."). 
'     "  BarUi  (C  iiein.  Zeil.  litU»>.  3U,  810,  1044)  has 
prepared  a  number  of  ca.rbon  oompounds  of 
selenium  by  the  art  ion  of  carbon  tetrabromido 
I  on  Ihi-  latter,  namely  ScC^;  SejCj;  and  also 
jSe^CvBr,;  Se,C,„Br ; 'Se,C3Br.3H,0 ;  Se,C,Br, 
;  and  Sc^tCjBr,.    The  carbide  CSe  is  also  knou-n. 
Potassium  geleno^nlde  is  best  i)repare<l  by 
mixing  TO  ^rrwti.  of  pure  potassium  cyanide  with 
79 arms,  of  finely  powdered  commercialselcnium, 
and  fusing  the  whole  at  the  lowest  possible 
tempernttirr.    The  maps     then  digested  on  the 
water- bat ii  for  3-4  hour«<  vnth  frequent  additions 
of  water,  after  which  the  resulting  liquor  ia 
evaporated  nearly  to  dryness  and  the  rsaiduo 
diwiolTed  fn  alcohol.   Carbon  dioxide  is  passed 
throUi;)!  the  f^oliition  for  aUmt  2  limirs.  nftcr 
which  the  liquid  is  liltered,  the  alcohol  distilled 
off  and  the  selenooyanide  orystab  are  separated 
from  their  mttthcr  liquor  by  means  of  tho  filter 
pump  (Schroder,  ]i<>r.  1900"  33.  1765). 

Cyanogwi  trlseienlde  is  best  prepared  by 
spreading  out  potassium  selenooyanide  in  a 
Hat  glas.<!  basin  and  mixing  it  with  a  third  or 
half  it.s  weight  of  \v;it<r,  tlir  jKisty  mass  i,-* 
.stirred  and  a  stream  of  nitrogen  dioxide  is 
passed    throtigh  it,  cyanogen  and  l^rdrogeik 
cyanide  K^inL;  tnolvcd  during  the  whole  pro- 
ce.'<s.     The  ve»t5»l  »huuld  be  surnmnded  by 
i  ice,  and   after  the  operation   is  at)out  half 
completed  small  quantities  of  fuming  nitrio 
acid  should   be  added  from  time  to  time. 
The  ]»niiiuct  consists  of  a  mixture  of  j)<itii>sium 
nitrate  and  cyanogen  selenide,  the  latter  being 
removed  by  treatment  with  pore  boilnig  bsnxene. 
I  ".^liirh.  on  cnolini.',  rloposits  the  trlselenido  as 
.  yellow  plates  or  pruyirtHtic  neeiiles,  m.p.  132", 
At    148*5"   the   tri.selenide   decorapo.'<es  with 
J  separation  of  wleniuin.    It  is  decom|X)sed  by 
!  water  and  reacts  vigorouf<ly  with  many  organic 
«ubst.ftnce.s,  espt-cially  such  as  contain  n  iabilo 
I  hydrogen   atom   (tichroder,   Ber.    1900,  33, 
11765). 
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aBlflOABBAZlDE,  SfiMiOXAMAZIOl,  v. 

Htphauhm.  

SENARMOMTIfB.  AnUmomif  aetqidoKkk  v. 

AXTIMONV. 

SENECA  OIL.   A  name  given  to  American 

p«'tr(,)l«  uin,  from  the  circumstance  that  it  was 
cx)llectf<l  by  the  Seneca  IndianH. 

SENEGA  ROOT.  Semka,  Snake  Boot. 
Sentgm  Badix.  {Saeine  de  Faljigala  <fe  FiryiMe, 
P^. ;  Senegavmnei,  Ger.) 

The  root  of  PohjijdUt  Snugti  (\.mn,  ;  Beiitl. 
a.  Trim.  29),  a  plant  inhabiting  the  oontral  and 
northern  portions  of  North  America.  It  is  a 
reputetl  (fiuretic  and  stimulating  expeotomnt, 
uipecially  a|)))licable  to  chest  disoatics  and 
rheumatism.  BeiideB  a  trace  of  rolatUe  taX  and 
the  oonstituenUi  common  to  planta,  senega  root 
contains  from  2  to  3*6  p.o.  of  aenegin  or  pcly- 
galic  acid,  a  compound  which  is  nearly  related 
to,  if  not  identical  with,  saponin,  as  it  occurs  in 
soapwort  and  other  plants.  Set  Oehlen  (Bene- 
lius  Jahrb.  1804.  112),  Dulong  (J.  Pharm.  Chim. 
13,  667),  Troninisdorff  (N.  J.  Trommsdorff,  24, 
2.  28),  Quevemio  (Berzelius  Jahrb.  17.  309; 

18,  394).  BoUey  (Annalen,  90,  211),  Procter 
(Chcm.  New-B,  1861,  40),  Christophsohn  (J.  1875, 
831),  Robert  (Arch.  Path.  Pharmak.  23,  233. 
Uease  (Annalen.  261,  371).  Senegin  has  the 
formula  C,2Hs,Oi7  (Funaio,  Gazz.  diim.  itel. 

19,  21).  To  obtain  it  the  ront  if*  exhausted  with 
a  mixture  of  two-thinb*  alcohol  and  one-third 
water,  and  the  liquid,  after  conoentiation,  is 
washed  by  shaking  with  ether.  The  .sjTup  thus 
freed  from  fixed  oil  and  other  substaneen  is 
precipitated  by  a  mixture  of  ether  (I  I>art)  and 
alcohol  (3  parts),  and  the  orade  sen^flin  which 
falls  is  flnally  purified  by  mlntion  in  water,  and 
reprecipitation  by  ether-alcohol  (Pnieter).  By 
the  action  of  tliluto  acids  it  breaks  up  into 
$ngar  and  smegin,  thus  : 

C„H„0,  ,+2H,0=C„H„0,  +2C.H,  ,0, 
(Fonaro)  {v.  Glucosidss).  Acconling  to  Robert, 
senega  oontaina  a  second  gluooside  having  acid 
proi^rties,  for  whidi  he  adopts  the  name 
polygalie  add. 

The  '  virginic  acid  '  of  Qur  vennc  and  the 
*  isolusin  '  of  Peschier  have  not  been  found  by 
sabseqoent  inquirers.  A  npeoimen  of  oil  from 
the  nM>t  of  Polygnln  Sermga  had  the  sp.gr. 
U-'JOlti  at  18*;  it  ap|>eanKl  to  contain  olein, 
73*9  p.C;  palniitin  (with  a  little  vah  rin),  7-9  p.c. 
(Sohxoeder,  Arah.  Pharm.  243,  628).  Langbeck 
(Fharm.  Zeit.  1881,  200)  first  detected  methyl 
salicylate  in  old  Hpecimen.s  of  nenegn.  \vluch  he 
supposed  to  be  a  product  of  deeomix^sition  of 
the  root.  Renter  (Arch.  Pharm.  [31  27,  309) 
has,  however,  showi  tlwit  the  volatile  nil  of  Hcnega 
consists  of  a  mixture  uf  methyl  salicylate  aiul 
valerate. 

For  adidtcration  of  commercial  senega  root,  see 
lIai8ch(Pharm.  J.[iii.l20,.'}47;  21,46).    A.  S. 

SENEGAL  GUM  v.  Gums. 

SBNEGUf,  SENEKA»  SNAKE  ROOT,  v. 
Samna  boot. 

SENNA  LEAVES.  Foiin  Sfnna,  (FeuOks 
de  Se'ruf,  Fr. ;  SenneabliiiUr,  Ger.) 

This  wdl'kno'H'n  purgative  x^hh  intnxluced 
into  European  metlicme  by  the  Arabian  ])hy- 
sioians.  As  it  now  occurs  in  cnimmerce,  the 
drug  consists  of  the  leaves  <>f  ('it<<in  acuii- 
foUa  (Delile)  and  Caana  angvM  i/olia  ( Vahi).  The 
fomsr  speoies  is  foond  in  NubU  and  Koidofan, 
Vol.  tV.^T. 


and  produoea  what  is  known  as  AleTandrian 
senna.  The  latter  is  cultivated  in  southern  India, 

and  is  the  source  of  Indian  or  Tinnovellv  senna 
(r/.  Bcntl.  a.  lYim.  90 ;  Royle,  111.  Bot.'Himal. 
37). 

Semia  has  frequently  been  the  wubjeet  of 
chemical  uivestigation.  By  different  mtthodsi 
of  treatment  the  earlier  investigators  have 
isolated  various  substances,  but  it  is  very  doubt- 
fnl  if  tliese  repwssnt  definite  constituents  of 
senna  (Braoonnot,  J.  do  Chim.  Med.  1,  2H4  ; 
Lagrange,  Ann.  Chim.  Phys.  24,  3;  Laaaaigne 
and  FenueUe,  Aid.  [2]  16,  16 ;  Bl^  and  Diesel, 
Arch.  Pharm.  [2]  55,  267  ;  Bourgoin,  J.  Pharm. 
Chim.  [4]  5.  25  ;  12,  305  ;  Ludw  jL'.  Arch.  Pharm. 
[2]  11  y.  50;  l>ragendorf  and  Rublv,  Pharm. 
Zeit.  1866,  4,  429,  466;  T.  B.  Groves.'Pharm.  J. 
1869,  10,  196 ;  Stockmann,  Pharm.  J.  [3]  16, 
749 ;  Stockmann  and  Seidel,  Amer.  J.  Pharm. 
1886,  667).   The  most  important  <^  these  oom> 

Konds  is  the  cathartic  acid  disooyeied  by 
agendorf  and  Rubly  and  independently  by 
Groves.  This  is  described  as  a  colloidal  glucci- 
side  wfaioli,  in  combinatiian  with  calcium  or 
magniBstam,  eztsts  in  senna,  and  to  wiiioh  the 
purgative  action  of  the  drug  is  due. 

'J"s(  liir<  h  and  Hiei)e  (Arch.  Pharm.  238,  427) 
obtained  from  an  aqueous  extract  of  senna  leaves 
a  yellowidi  enrstalfane  deposit  having  the  oom- 
jKJsitinn  C,  |H,oO,.  Also  from  the  aqueous 
extract  an  i mpuro cathartic  acid  was  obtained  by 
concentrating  and  adding  alcohol,  and  this,  when 
hydrolysed  with  dilute  sulphuric  acid,  yi(  !de<l 
yellow  unstable  aennarhamneiin.  By  percolating 
senna  leaves  with  very  dilute  ammonia  and  preci- 
pitating the  extract  with  liydroclilorio  acid  orude 
anthm0tieo9ennin  was  obteined,  and  wiien  the 
ether  extract  of  this  was  treat^Kl  with  toluene 
then;  remained  yellow  crystalline  gl%ico»enniH 
CjjHjsO^  a  derivative  of  hjrdioxymethylan- 
thraciuinone.  prolwibly  an  cmodin  glueoside. 
From  the  toluene  solution  light  p«;tn)leum  ])re- 
cipitated  oranire-red  crystalline  MnunrtniKiin. 
m«p.  223''-224%  which  appears  to  be  identical 
with  alee-emodin.  Tlie  tolaene  sohitlon  also 
contained  yellow  cry.stallino  genna-chrijsophanir 
acid  C',,U,o04,  m.p.  172%  wliioh  was  not  pre- 
cipitated by  light  petroleum.  After  the  exteao- 
tion  with  ether  was  eomplete,  acetone  «'.>ctracted 
amorphous  reiltlish  -  bn)wn  senna  •  isoemodin 
(.'isHioO,,  soluble  in  light  jM  lroleum,  associated 
with  sennarliamnetin*  which  ia  insoluhle  in  this 
solvent.  The  residue  consisted  of  Uaok  amor- 
phou«  *  sennanigrin  '  (C  IM>5.  TI  TrO  p.c,  apprf)X.) 
which  yielded  senna  emodin  and  sennachi^'ao* 
phanio  acid  on  hydrolysis  with  boiling  aloohoUo 
potash,  and  oliiysamnio  acid  «Im»  boiled  irith 
nitric  acid. 

The  hvdn>xvniethylantliraquinone  deriva- 
tives, to  which  tEe  purgative  action  of  the  drug 
appears  to  be  due,  were  found  to  be  present  in  a 
greater  projwirtion  in  the  fruiLs  than  in  the 
leaves;  but  even  in  this  case  the  proportion  is 
mnoh  less  than  in  Wumm  or  Fran^da.  Hm 
Alexandrian  leaves  wen-  found  to  rontain  tin* 
largest,  and  the  Tiitnevelly  leaves  the  smailcst 
proportion  of  theee  oomponnds. 

Senna  pods  appear  to  contain  a  greater  pro- 
portion of  cathartic  acid  than  the  leaves,  and 
are  said  to  I"'  unattended  by  the  nausea  and 
the  pain  in  the  intestines  which  generally  ac- 
company Mie  administration  of  the  laavea  (see 
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Macfarlane  (Loucet,  1889,  104)  and  Salmou  ing  comont  ore  dredged  in  Chichceter  hiurbour 
(Phar.  J.  [3]^^  281).  A.  8.      I  and  off  the  ooast  of  Hampshire,  and  ara  also 


SENNAAR  GUM  t.  Gmrs 
SEPIA.  A  djirli-browu  pigmotit  jircimrud 
from  a  lila<  k  juice  secreted  by  certain  glands 
of  the  «uttlc-fish  {Sepia  offUinalis,  Sepia  LoligOt 
fto.)  and  ejected  by  the  animal  to  darken  the 
wator  ;\hon  it  is  j)ur;^ucil.  Ouo  \mri  of  the 
juice  is  caj>able  of  making  1000  parts  of  water 
nearly  opaque.  The  jnioe,  ^en  dried,  yields  a 
black  mass,  which,  according  to  Prout,  consists 
of  78  p.c.  black  pigment  or  melanin, 
10'40  calcium  carbonate,  7*00  magnesium  car- 
bonate, 2-16  alkaline  sulphates  and  chlorides, 
and  0-84  mucus.  The  black  pigment  may  be 
isolated  by  boiling  the  black  mass  successively 
with  water,  hydroohlorio  aoid,  and  dilute  aoiii- 
tion  of  ammoninni  carbonate.  It  is  a  black, 
inodorous,  and  tasteless  substance,  quite  insrjluhle 
in  water,  alcohol,  and  ether,  but  remaining  sus- 
iwndedinvaterfora  verylongtime  ;  its  d*  |K)si- 
tion  may,  however,  be  accelerated  by  a<l<laion  of 
acids  or  sal-ammoniac.  It  dissolves  iu  wurm 
caustic  potash  solution,  forniiii^^  u  <lurk-brown 
solution,  from  which  it  is  precipitated  by  snl- 
phurie  and  hydrochknio  uoob,  bttt  nolt  by  nitric 
acid.  It  dis.s4.ilve.s  alao  in  fcmm^ni^^  but  not  in 
alkaline  carbouatet>. 

The  pigment  is  prepared  by  saturating  the 
dried  native  sepia  with  a  little  caustic  lye,  then 
adding  more  lye,  boiling  the  liquid  for  half  an 
hour,  filtering,  precipitating  with  an  acid,  \N-a.sh- 
ing  the  precipitate,  mm!  drying  it  at  a  gentle  heat. 
It  is  of  a  dark-brown  ookmr  and  line  ;|rain. 

O.v  At  pta-,  M»  (r<Thaum,  or  Whik  Jish-honc,  is 


prneurcd  from  Harwich,  Hheppey,  and  several 
other  places.  A  stratum  ot  eeptari&n  stone, 
forming  the  Broad  Beneh  on  the  coast  of  IXnset<- 

shire,  iiford-i  "in  'excellent  cement. 

SEPTOFOKM  V.  .^V-NTUiiTIC  jjruus. 

SERICITE  V.  Mica. 

8EBINE,  a-amino-fi-hjfdroxypropionic  octd 
HO-CHgCH(NH,)CO,H, 

discovered  by  Cramer  (J.  pr.  Chem.  1866,  [i.] 

96,  76)  among  the  products  of  hydrolysis  of 
ailk-gelatin ;  has  been  similarly  prepared  from 
a  large  number  of  other  protcids.  Owing  to  the 
difTiculty  in  separating  serine  the  quantities 
obtained  from  moht  of  these  nsourcts  is  lesb  lhau 
1  p.c  ;  silk-gelatin  yields  6-6  p.c,  and  salmine 
7-8  p.0.  Serine  oocoxs  tno  in  Jminaa  fersi»ra- 
tion,  1  StM  afloiding  O-Od-^^-lS  arm.  of  the 
^-naphthalenosulphonio  derivative  (Embden  and 
Tachau,  Biochem.  Zeitsch.  1910,  28,  230). 

Si/ntfu^iis. — ^Fischer  and  Lcuchs  (Sitzungsber. 
K.  Akad.  Wiss.  IJorhn,  1902,  78)  affected  the 
first  synthesis  of  serine  by  the  action  of  ammonia 
and  hydrogen  cyanide  on  glycollio  aldehyde,  and 
subae4ufint  hydrodysis  <S  the  amino'  nitrilie 
thtis  prodneed — 

GH,-OH 

I  H,0 
CHNH, 


CH.-OH 

(Iho 


HON 


cHj-oh 


COjH 


and  they  showed  that  ua  reduction  with 
hydrogen  iodide  serine  gives  a-alanine,  thus 


the  calcareous  shell  lying  within  the  back  of  the  pmvii^  tiie  compound  to  1m  a-amino-^hydxory 
cuttle-fish.   It  eonsiata  of  two  layers  ;  the  upper  propionio  add. 

t}iin.  but  very  compact,  while  the  lower  is  A  second  synthesis  is  described  by  Erlcn- 
ikickcr,  but  porousi.  The  upper  layer  contains,  meyer  (Ber.  1902,  35,  3767),  and  Erlenmeyer 
according  to  John,  80  p.c  calcium  carbonate  and  Stoop  (Annalen,  1904,  337,  236),  in  wbich 
with  traces  of  phosphate,  9  selatinous  sub- j  ethyl  sodium  hvdroxvmethvlenehippurate 
stance,  insolnble  in  water  and  in  cold  lime-'  nv,<"  it  .  r.'iXTUL.I v. 


water,  4  water,  and  traces  of  maiinesia.  The 
lower  layer  contains  85  calcium  carbonate  with 
tiaoea  of  potash,  4  gehitbioas  matter,  and  4 
water,  with  traces  of  magnesia.  Forrhhammer 
found  in  Oa  sepia;  U-10  p.c.  magnubium  car- 
boaate. 

Ot  tepim  is  used  as  tooth-powder,  for  polish- 
ing, and  for  modelling  for  fine  oold  articles ;  it 
was  f()rmeriyiisedasaainteKnarnmedyinoasee 
of  goitre. 

SBHOUfB  «.  Ifmnsosavic. 
SEPTARIA   (from   septum,    *  a  division '), 


ONa(  H  :  qNHBzjt'OjEt, 

obtained  by  condensing  the  ethyl  esters  of 
formic  and  hippuric  acids  in  the  presence  of 
sodium  ethoxide,  is  reduced  by  aluminium- 
amalgam  to  ethyl  N-benzoylserina 

OH<iiat*CH(NHB«)(X)aSt, 

which  on  hydrolyiis  yields  bemoio  add  and 

serine. 

The  most  convenient  method  of  preparing 
serine  is  a  third  synthetic  process  due  to  Leuchs 
and  Geiger  (Ber.  1906,  39,  2644),  and  renlly  a 
modification  of  Fischer  and  Leuch'e    i  l  :  nod 


called  anciently  ludiis  Udmontii  (the  quoits  of  method;  etho^aoetal  0£^-CH«-Cfi(UEt)g, 
Van  Helmont,  from  their  form),  are  argillo-  obtained  by  the  action  of  sodium  stbosids  on 


calcareous  concretions  intersected  by  vein.s  of 
oalcapar,  which,  when  calcined  and  ground  to 
powucr,  form  an  excellent  hydraulic  cement. 

From  the  regular  arrangement  of  cracks  in 
septaria,  which  generally  assume  pt  iu  agonal 
forms  reseniblinp  in  appraranco  the  divisions  in 
the  shell  of  a  tort</ii»e,  they  have  received  the 
common  name  of  '  turtle  stones  *  or  *  fossil 
tortoises.'  The  turtle  stones  found  in  the 
Oxford  clay  at  Weyiuoulh,  when  cut  into  slabs 
and  polished,  form  handsome  tables.  The 
number  of  vcii\s  of  oakspar,  upon  which  their 
beauty  depends,  renders  these  turtle  stones  unfit 
for  forming  an  hydraulic  cement,  in  eon-ie-  i 


ohlovaoetal,  yields  ethoxvacetaldehyde 

OEtCH.-CHO 
on  hydrolysis,  and  this  on  consecutive  treatment 
with  ammonia,  hydrogen  cyanide  and  hydro- 
chloric  acid  yields  3-cthoxy-a-alanine 
OEt-€H,CH(NH,)CO,H, 

which  on  boiUng   with  concentrated  hydro- 

bromic  acid  is  converted  into  serine,  the  jrield 
being  35-40  p.c.  of  the  theoretical  value  cal- 
culated 11  1^  ethoxyacetal  used. 

<f/  Serine,  llaoemic  or  inactive  serine  pre- 
pared by  any  of  the  above  synthetic  processes, 
crystallises  in  thin  colonrless  leaves,  darkens  at 


quence  of  their  furnishing  too  great  a  quantity  i  225°,  melts  and  decomposes  at  246°  (corr.) ; 
of  lime  when  oalemed.  Septana  fit  for  futnidi*  [  dissolves  in  3-4  porta  of  hot  water,  or  in  23  •! 
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parts  at  20\  and  ItM  »  swwt  tMte  (Fifloh«r  «od 

Leuoh8,i.c). 

/>erjMfMW«.— The  fnefkyi  eder 

CH,(OH)CH(NH,)CO,M© 
is  a  rtconglv  alkaline  syrup  forming  a  osnstallino 
hyimMoride,  m.p.  114°  (corr.);  the  V-bemoyl 

>tfif/l  ester  HO-CH,CH(NHBz)CO,Et  forma 
colourless  crvEstals,  m.p.  80°;  N-tenzoyZ-dl- 
aerint  HO  CH,  CH(NHBz)CO,H  has  m.p.  ITl" 
(JLiquonne    block) ;    the   dihenzoyl  derivative 


BzO  (;U,  CU(NUBz)CO,U  is  sparingly  soluble 
and  melts  at  IM*  (Meqnenne  bloek) ;  p*»ifri»> 

ben»yl-iM-»€rine 


HO  -CHj-CHiNHGO  •C,H4N0,)C0  ,H 
forms  bright  yellow  thin  needles,  decompoHcs 
at  2O«°-207°  (corr.);  ^-nnphthnlenfiulphnniaW- 
serine  HO-CHj-CHlNIl-SOoC \oH  jCOJI,  has 
m.p.  214°  (corr.);  p}unylimcyniuUc-i\\-srrine 
HO-CHg-CHCNHCONHPhlCOtHhaB  m.p.  168°- 
100"(oorr.},and  yields  the  ankyiride,  a  hydroxy- 

CX>— MEKSH-GHaOH, 

NPh  00 

in.p.  168°-169°  (corr.). 

<*Sttlne.  Xhe  eerine  obtained  from  proteids 
it  the  Invo  laomeride  mixed  with  about  20  p.c. 
of  the  raccmic  corap'nind  (FiHchtT,  Her.  VMM, 
40,  1501) ;  /-aorinc  is  obtained  by  the  resolution 
of  ci/  serine  through  the  fraotimuu  orystaOiaation 
of  the  quinine  salts  of  the  /j-iiitrdlK'nKoyl 
derivative ;  it  forms  large  prisma  or  six-sided 
plates,  becomes  brown  at  211°  (ooir.),  and 
deoompoees  at  228°  (corr.),  it  is  more  readily 
aolufale  than  the  racemio  compound,  and  has  a 

•weet  tMte;  it  has [aljl^— 6<88*  in  aqiMoiu,  or 

+14*45°  ill  normul  hydrochloric  acid  solution 
(Kacher  and  Jacobs,  iier.  1906,  39,  2942). 
i)6rHMlMw«.~The  meflyl  cjfer 

HO-CH,CH(NH,)CO,Me 
is  a  thick  alkaline  svrup,  readily  paaeee  over  into 
tile  anhydride,  and  formt  a  iVntdUne  kifin- 

chl'>r{,{f  th.it  dc(  onijxiscs  at  ICl*  (OOR.)}  the 
p-nitrobenzoyl  derivative 

HO-CH,-CH(NH<JO-C,H.NO,)CO,H 
dissolves  in  180  parts  of  water  at  25°,  and  has 
ra]2p4-43r»()°,      \-Serineanhydride  C^H^O^N, 
decomposes  at  247°  (corr.)  and  has        --67 -46° 
(Rsoher  and  Jacobs,  I.e.). 

/-Serine  is  converted  into  (f-alanine  hv  the 
following  aeries  of  reaotiouB:  methyl«i«i8'0hh»o- 
a-aminopropionate,  m.p.  107*  (deoomp.),  ob- 
talned  by  the  act  inn  nf  acetyl  chlondc  and 
phosphorus  pciitachlonde  on  the  hydrochloride 
of  /-Herine  methyl  ester,  yields  on  hydrolysis 
/-^•chloro-a-aminopropionic  acid,  which  is  re- 
duced to  <f-alanine  by  sodium  umulgum  (Fischer 
and  Raske,  Ber.  1907,  40,  3717).  The  con- 
venion  of  ^8eEine  into  J-oyatine  is  efiected  by 
tfeatingthe  hydxoohloride  of  I-jB-ehIoffo-a«anuno- 
propionic  acid  with  barium  hydrosulphido  and 
oxidising  the  product  with  atmospheric  oxygen 
in  the  presi>nco  of  ammonia  (Haoher  end 
Kaske.  Ber.  15)08.  41,  893). 

(^-Serine  is  obtained  by  resolution  of  dl- 
nitrobenzoylserine  through  the  quinine  salt  and 
aabaequent  hydrolysia ;  it  can  be  prepared  also 
in  good  yield  by  allowing  yeast  to  grow  in  a 
solution  of  raccmic  nicriiir  (  i iiit.iiriiiic  a  large 
excoaa  of  sucrose,  both  isomendes  are  attacked 


by  tho  yeast,  but  the  la3Vo  is  ilcstruvKl  far  raorc 
rapidlv  than  the  dextro  variety  (Ehrlich,  Zeit. 
Ver.  drat.  Znekerind.  1906,  608,  840:  Bioohem. 
Zeitsch.  1908,  8,  464).  In  crystallino  form,  melt- 
ing-point, and  solubility  d-seriuo  is  the  same  as 
l-aenne,  it  has,  howaver,  a  much  aweeCer  t«rte, 
and  has  [o]2,5>-j-6-87'*  in  aqueoua,  or  -14-32°  in 

normal  hydroohknio  aoid  aolation  (Fiaoher  and 

Jacobs,  I.e.), 

Derivativts. — The  copper  salt  forms  deep  l»lu<' 
prisma  insoluble  in  alcohol ;  the  y^-nitrvhenzoyl 
derivaHve  HO-CH,-CH(NH-CO<:.H«  NO,)CO,H 
has  m.p.  189-5°  (corr.)  with  decomposition  ;  is 
more  readily  soluble  than  the  racemic  com- 
pound, and  haa  [a]^— 48-74*  (Kaoh«r  and 
Jacobs,  I.e.). 

t«oSerine,  B-arnino-arh/droBomooionic  odd 
H,N  CH,-CH(OH)CO.H  is  mot  &vnd  naturaU^, 
nor  docs  it  ooourainongthepirodacteof  hydrolysis 
of  proteids.  M.  A.  W. 

SEROTIN  V.  Glccosides. 

SERPENTINE.  A  n.ck  much  used  as  a 
decorative  stone,  and  olten  jMjpularly  calletl  a 
'  marl>le.'  It  haa  about  the  same  hardness  and 
density  aa  ordinaiy  marble^  but  ia  uaua% 
tougher  and  does  not  poaaeas  a  crystalline 
ti  xturc.  Es-nitially,  it  is  a  hydrous  mugnesitun 
silicate,  with  more  or  loss  iron.  An  analysis  by 
J.  A.  Fliillips  of  serpentine-rock  (sp.gr.  2-50) 
from  tho  Lizard  district,  C-Qmwall,  gave — silica, 
US  SG ;  alumina,  2-9y ;  ferric  oxide,  1-80 ; 
ferrous  oxide,  fi-M;  nickd  oxide,  0-28  ;  chromic 
oxide,  0-08;  magnesia.  .34-()l  ;  potash,  0-33; 
soda,  0-77 ;  water,  16-62  (Phil.  Mag.  1871,  [3]  51, 
101). 

Since  this  massive  serpentine-rock  consists 
mainly  of  a  single  mineral  speoiea,  the  name  ser- 
pentine in  also  aj)plic(l  to  the  pure  mineral.  This 
is  a  hydrated  magnesium  silicate  HfMgjSijOy, 
in  which  a  small  proportion  of  the  magnesia  is 
often  replaced  by  an  equivalent  amount  of 
ferrous  oxide.  It  never  occurs  distinctly 
crystallised. 

Serpentine,  as  a  rock,  usually  exhibite  dark 
shadea  of  l^reen  and  red,  ▼arioualy  oloQded  and 
blotched,  like  the  skin  of  a  serpent,  whence  its 
name,  a.s  al.su  the  term  ophite  [i^iv.  n  serpent), 
by  whicli  it  is  sometimes  known.  I  he  roclc 
may  be  veined  with  steatite,  or  niulcrcd  more 
or  less  porphyritic  by  enclosetl  crystals  of 
l>astito  or  bronzite,  or  may  contain  garnets, 
usuallv  alteied  to  kelyphitc  or  chlorite,  aa  may 
be  well  seen  in  the  pyropc-bcaring  serpentine  of 
ZoMitz,  in  Saxony.  The  iKauty  and  variety 
of  its  colours  have  led  to  tho  extensive  use  of 
serpentine  for  vaaes  and  other  ornamental 
object?.  It  is  al.so  employed  for  mantcl-piecea 
and  architectural  columns,  but  the  rock  ia 
usually  so  broken  up  by  joints  that  it  is  difficult 
to  i>roou£e  slaba  of  laci^  aice.  While  valuable 
for  indoor  decoration,  it  ia  apt  to  yield  on  cx< 
posuro  to  the  atmosj<here,  s_'r:t<!uully  losing 
lustre  and  prcseutiajj  an  enided  surface.  From 
ita  rehaotory  behaviour  on  expoaore  to  heat,  it 
is  sometimes  cmploytHl  in  the  construction  of 
ovens.  It  has  also  been  used  as  a  bourcc  of 
certain  msgneaium  'aaita*  soeh  ss  the  snl- 
phate. 

Serpentine  has  been  eztenaiyely  worked  in 

th<;  Lizanl  district  in  Cornwall,  but  not  else- 
where in  Britain,  though  it  occurs  in  Angleaea, 
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in  Ajnbatiat  and  in  fi«affidure.  The  Bhti«h 
Mtpentittes  have  been  specially  sbidied  by  T.  O. 

Bonnoy ;  an  cxi  rllont  account  will  be  found 
in  ToftU's  Britisli  Petnigraphy,  1888,  104.  On 
the  Continent,  merpentine  has  be*m  worked 
for  rcntiirii  s  at  Zdblitz  and  el»sewherc  in  Sftxouy. 
It  18  also  wrought  in  the  Voeges  ami  in  the  de- 
tMstnwntoof  the  Hautes  iUpes,  I>>t,  and  Aveyron 
in  Fnnoe;  while  in  Italy  the  moat  famoua 
loeallty  is  at  Prato  in  Tuscany,  which  vields  a 
(Itirk-ffrccn  variety  kn()\v'n  aa  verde  dt  Prato, 
rcseniuling  when  polished  an  antique  bronze, 
and  henoe  largely  used  for  utatiteB,  «o* 

A  fine  translucent  variety,  knoMH  as  noble  or 
prtciou-^  ^t  rpentine,  of  oil-green  or  yellowiah- 
OTci-n  tint,  in  worked  at  Snarum,  in  Moru'ay. 
FteudouiorphB  of  aerpeatine  after  large  or>'stalH 
of  olivine  occur  at  this  locality  and  retain  in 
i^oino  ca.scs  a  nuclL'ii-s  <>f  thv  original  iiiiiural. 
It  has  been  shown  by  Sandberger*  Tiichcrmak, 
Booney,  Roth,  and  otners  that  most  serpentines 
have  been  flrriv(<<|  from  jieridotites,  orrrjcks  rirh 
in  olivine,  though  other  minerals,  such  as  horn- 
blendes  and  pyvozenea*  may  also  be  oonvwted 
into  aerpeatine. 

Several  mineral  varieties  of  serpentine  have 
riHfivcd  distinctive  )\amoB.  Picrolite  is  the 
term  appliixl  to  the  mineral  when  presenting  a 
oolumnar  or  fibroaa  stractorv,  while  an  asbeati- 
form  variety  with  silky  6bre.s  is  known  as 
chryeotile.  Much  of  the  mincml  m  the  arts 
ttOder  the  name  of  asbestos  (  /.r.)  or  amianthus 
occurs  in  veins  running  through  massive  serpen- 
tine, especially  in  Canada,  and  is  really  chryso- 
tile.  Serpentine  with  a  lamellar  structure  is 
termed  marmoUUt  and  a  shaly  variety  of  dark- 
green  colour  from  the  Antigorio  valley  in  Ked- 
moi^t  is  know  n  as  antujuntt .  WiUiamaite  is 
a  transluot  iit  apple-green  serpentine,  found  in 
limited  quantity  at  a  chzomite  mine  at  Texu 
in  Pennsylvania,  and  cut  as  an  ornamental 
stone.  An  exceptionally  hard  serpentine,  termed 
boweniU,  has  hocn  mistaken  for  jade,  and  C.  A. 
MoMahon  has  shown  that  the  80*called  jado  of 
Ai^rhanistan  is  of  this  ohaiaoter  (Hin.  Mag. 
18!W).  0.  187). 

{Serpentine  frequently  carries  chrome  iron 
ove;  and  crystals  of  ohxomite  and  picotite  are 
common  microscopic  enclosures  in  thu  rock. 
Native  copper  also  occurs  in  serpentine,  and 
largo  masses  upwards  of  a  ton  in  weight  were 
obtained  many  years  ago  from  tissures  in  ser- 
pentine at  the  IVenanoe  mine,  near  Mnllion,  in 
Cornwall.  Nickel  orrs  and  platinum  also  OOCUr 
in  association  with  serpeatine-rocks.  < 

It  is  not  uncommon  for  serpentine  to  be  I 
intimately  ass<jciated  with  limestone  or  dolomite, 
forming  u  ivck  known  as  uphtcalcik,  ophiolite,  or 
strptnlinouA  iruirhU.  The  oompt»site  rock,  being 
variegated  with  green  and  white  colours,  is 
prized  as  an  ornamental  material,  but  on  ez> 
posure  to  atiUD-; I ic  influcnecH  a  differtmlial 
action  is  .set  u|>,  and  the  surfaoo  becomes  un- 
equally  eroded.  The  famous  Vefd  anHqiit  is  a 
bn-cciated  u|)hi(ilitc  ft-.  Marble). 

For  Anierjcaii  berpentinee  v.  G.  P.  Merrill, 
Stones  for  Building  and  Decoration.  3rd  ed.. 
New  York.  1903.  L.  J.  S. 

SERPENTINE  ASBESTOS  t.  .Asbestos. 

SERVICE  BERRY.  The  seedn  of  the  w  rvico 
benry  {jSorbmaucuparia)  wniwxi  about  22  p.c.  of 
a  yellow  oil»  sweet  tasting,  mobile,  which  rapid  ly 


I  dries  on  ea^osuro  to  air,  _^,gr.  0'd3I7  at  15^ ; 
refract,  index  at  16*,  1*4763 ;  acid  value  2>36 ; 

I  sapon.  value,  208*0  ;  iodine  value,  ;  iodine 

value  of  the  fatty  acids,  137-5 ;  acid  value  ot 

*  the  fatty  acids,  2.'U>'2  (van  Itallicand  Nieuwland, 

!  Axch.  Pharm.  1906,  24A»  164;  J.  Soc  Cbem. 
Ind.  11H>6,  595). 

SESAME  OIL  {Bendned  Oil,  OingeUi  Oil, 

i  Teei  Oil}.    Sesam^  oil  is  obtained  from  the  seeds 

i  of  the  ^cbumd  plant,  Sesamum  itidicum  (Linn.), 
belonging  to  the  family  of  Bii^noniacdr.  The 

\  origiiuil  homo  of  Bttamum  indicvm  \&  uuimown. 

)  According  to  A.  de  Chndolle,  seaam4  seed  was 
broufrht  from  the  Sunda  Tslantl'i  to  India  f^evpral 
thousand  years  ago,  anil  has  migrated  thence 
through  the  Euphrates  basin  to  "B/gS^ 

I  India  jiroducps  the  largest  amount  of 
vane licii  ;  there  the  white  seed,  yielding  the 
best  Indian  oil,  ia  termed  auffeUil,  whilst  the 

I  black  variety,  containing  tlie  laxgest  proportion 
of  oil,  is  known  as  hlKs.  In  the  tnule  »  mixtvie 
of  white  and  dark  seeds  boan  the  name  *bi- 
garr6.' 

According  to  the  niles  of  the  tra<le,  white 
sesam^  must  contain  at  least  85  p.c.  of  white 
seeils.  11  the  prupurtiuu  of  dark  seed  exceeds 
15  p.c.,  an  allowance  is  made.  If  the  dark  seed 
exceeds  26  p.c,  the  term  white  sesani^  seeda  no 
longiBff  ap][dieB. 

The  mgarre  r|uality  mu«;t  contain  at  least 
36  p.0.  of  white  seeds.  The  commercial  seed 
known  as  *  grosses  graines  '  must  not  contain 
more  than  20  p.c.  of  jxtitea  grahies.*  Xo  more 
than  a  mazimuiu  of  50  p.c  uf  &ma\\  se«ds  vi 
permitted ;  if  they  make  up  from  20  p^O.  to 
60  p.c.,  an  allowance  must  be  made. 

By  far  the  largest  quantity  of  Semmvm 
imJictun  is  grown  in  E;4st  India  (the  I1K.>0-1910 
crop  amounted  to  510,000  tuub),  Java,  Slam, 
Tonkin,  China,  and  Japan.  lArge  quantities 
are  also  grown  in  the  countries  Ixjnlering  the 
Mediterranean,  especially  in  the  Levant  and 
Egypt.  The  seed  grown  in  Africa  belongs  to 
the  species  Sesamum  radiakm,  Shum  and 
Thonn. 

Smaller  quantities  are  produeed  in  Algeria 
and  on  the  West  Coast  of  Airica,  as  abo  on  the 
East  Coast  (Mozambique,  Zanzibar,  German 
Ea.st  Africa).  In  Southern  Rhodesia  the  8ee<l 
is  cidlivated  by  the  natives ;  it  is  not  unlikely 
that  in  the  near  future  it  may  be  eicpoirted  to 
Euro  IK'. 

In  South  America,  the  plants  are  grown  in 

Brazil  and  Venezuela,  Mexieo.  the  southern 
states  of  America,  and  in  several  islands  m  the 
West  fodiee.  The  chief  emporium  for  tho 
imp  rtation  of  sesame  into   Europe  is 

Marseilles,  where  all  grades  of  sesame  oil  from 
the  Levant^  the  htdm,  and  West  Afrloa  an 

crushed. 

Since  the  admixture  of  sesam6  oil  to  mar- 

garino  has  heeorne  olilij/aittry  in  Germany, 
Austria,  and  Belgium,  a  considerable  scsam^  oil 
industry  has  rapidly  sprung  up  in  these  conn- 
tries.  The  (juantitiis  consumed  by  these 
countries  are  in  the  inverse  order,  viz,  ^ieljrium, 
Austria,  and  (iicrmany. 

The  sesani6  oil  industry  has  not  been  able 
to  obtain  a  foothold  in  Great  Britain,  inasmuch 
as  the  liner  (jiialities  of  sesame  oil,  whieh  are 
obtained  in  the  first  oxpreraioUy  do  not  tlnd  so 
renunerative  an  outlet  aa  they  do  in  otiwr 
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countries ;  In  fact,  the  trhole  of  the  oil  ivoiild 

have  to  I'<-  I  (;f  a-    i  ap  oil.    The  small 

amount  of  seed  imporlcd  mlo  this  country  in 
used  in  tiie  HMnufacture  of  compottnd  oako  (we 
Otls,  Fi!cet>,  ANT)  Fats),  thn  InVh  proportion  of 
oii  in  scHnua^  seed  helping  to  brinp  up  the  per- 
eentHgt;  of  oil  in  tho  mixed  meel  to  the  legally 
pieecribed  Amount.  The  pro  portion  of  oii  in 
M8sm6  Boeds  varies  from  00  to  57  p.c. ;  henoe  the 
»(  cd  must  Ix^!  Mubjectod  to  repeated  expressions 
in  order  to  yield  the  full  amount  oC  oii.  The 
piMtieal  yiSldB  fnm  aeaain^  aeeda  of  difiiBxent 
mrigin  vary  from  42  to  48  p.r. 

The  oils  of  the  tirat  exprcuaioii  in  the  cold 
npircscnt  tho  best  qualities.  The  finest  edible 
sesamd  oil  is  obtained  from  the  Levant  seeds. 
Of  these,  the  best  brands  are  harvested  in  tho 
.Infla  district.  Slitrhtly  inftrior  in  flavour  to 
the  Jafia  oil  are  tho  specimens  obtained  from 
seed  groim  in  CSaifEa.  St.  Jean  d'Ane,  Tamts* 
Smyrna,  Mer^raa.  The  oil  from  Alexandretta 
eeed.s  nprescnt.s  a  lower  prade  still.  The 
Indian  sfods,  ehihrncing  rhieflv  thoijo  frOBH 
Kurrachee  and  Bombay,  give  oils  of  more  un- 
pleasant flavour,  and  are  therefore  not  usable 
for  the  b<'st  kimlH  of  nifiryarino.  Ixjwtr  still, 
as  reganb  taste  and  flavour*  rank  tho  oila  from 
CSiineie  and  Afrioan  seeda.  In  China  the  aeeds 
are  roasted  before  Iwing  prmmd  and  expressed 
in  wedge  prewes.  ruvuii:  to  this  process  the  oil 
beoomea  dark-coloun  d  and  acquhrea  a  strong 
flavour  of  nuts.  TIk^  largest  qtiantitics  of 
Chinese  sosani6  oil  are  used  in  the  Clermon 
margarine  industry. 

The  oils  of  second  and  thinl  expression  are 
used  for  mannfaeturing  purposes,  chiefly  for 
soap-makine.  The  averaire  compovitiotl  of 
•esani^  caice  ia  tho  following : — 

Per  cent. 

Oil  ....  14-63 
Moistiiie ....  7*66 
Protdiw  ....  3614 
Ash         ....  13-17 

CYudt  !i1)r        .        .        .  4-83 

Carbohy  lrat*  p  .         .         .    Ti  fiS 

When  the  seed  <iocs  not  arrive  in  a  80un<i 
state,  the  oil  Is  extracted  with  solvents  for  the 
complete  recovery  of  the  oil,  and  the  eztnoted 
meal  is  sold  as  manure. 

For  tho  chemical  and  ])hysienl  charac- 
teristioe  of  sesamd  oil,  see  Oils,  fixju),  a»d  Fats. 

Seaam^  oil  contains  from  12  to  14  p.e.  of  solid 
acids,  the  remainder  consists  of  oKie  and 
linoleio  acids.  Sesani6  oil  in  dextro-rotatory, 
•  ptoperfy  which  may  supply  a  useful  additional 
means  of  identifying  tin;  oil.  The  optical 
activity  ia  no  doubt  du()  to  the  presence  of 
phytosterol  and  sesamin  which  form  the  bulk 
of  the  unmpooifiabie  nuatter  in  seaami  oii.  In 
addition  theieito,'then  ocoufs  in  tho  nnsaponl- 
flable  matter  a  thick  non-crystalli.sable  oil  Avhich 
gives  the  charaotcristio  colour  reaction  known 
as  the  '  Bmidoilin  test '  (ms  Oils,  Fixid,  astd 

FaT8\. 

Tne  cold -drawn  Hesam6  oil  is  largely  u.sc<l  a«> 
an  edible  oil,  notably  so,  as  pointe<l  out  alx>ve. 
in  the  manuifaetuxo  of  maigarine.  Sinod  small 
quantitiee  of  sesamA  oil  are  easily  revealed  by 
the  Bauiliiuin  t<  sf.  it  has  Ix'i-n  in.ulr  oMi^atorv 
in  Germany  and  Au.Htria  to  use  at  least  ten  part.s 
of  sesamtf  oil  in  the  manufoctnro  of  margarine 
for  100  puts  of  bitty  nntten.  In  Be%iain, 


6  p.o.  axe  preseribed.  The  best  oils  are  con- 

.sumed  as  table  oils;  small  quantities  of  this 
el&ati  are  used  in  the  produotion  of  perfumes 
('  enfleurage '). 

The  best  cold-drawn  oil  lacing  rather  high  in 
price,  adulteration  of  the  best  qualities  with 
poppy  scied  oil.  cotton  seed  oil,  and  arachis  oil 
ia  not  infrequent.  Tho  sesamA  oils  of  second  and 
third  expression  are  adulterated  with  rape  oil. 

The  lower  qualities  of  s<>sam6  oil  find  a  large 
outlet  for  soap- making  iu  the  south  of  Europe  ; 
they  are  also  used  as  buming  oil  and  for  making 
india-rubbor  substitutes.  L 

SEWAGEL  Tho  problem  of  sewagu  puntica- 
tkm  has  been  gradually  forced  on  the  country 
owing  to  the  ovils  arning  from  the  pollution  of 
tho  streams,  and  to  the  increased  flow  of  sewage 
resulting  from  the  general  introduction  int<j  our 
towns  of  the  water-closet  system,  viz.  \vater- 
home  sewage.  Another  ■omoe  of  poUntion, 
although  less  serious  than  that  of  seiMge,  is 
manufacturing  refuse. 

Sewage  may  be  defined  as  tho  water  supply 
of  a  town  after  it  has  been  used.  It  contains 
the  solid  and  liquid  excreta  of  the  {)opulation, 
household  cirainagc,  cont-Jiining  a  great  vari<>ty 
of  animal  and  vegetable  remains  derived  from 
the  food,  the  bathing,  and  the  washing  of  tho 
household. 

With  the  cxeejitioii  uf  a  few  touus  sewered 
on  a  dual  system  of  drainage,  aewago  also  con- 
tain.4  the  washings  of  the  street,  and  storm  ^\'at«r, 
and  in  any  large  community  trade  waste  of  a 
complex  character  forms  a  part  of  it. 

The  separate  system  of  drainage  ia  only 
sanctioned  by  the  Local  Goveniinent  Board  in 
cases  where  surface  water  can  be  disclmr«<^i  by 
separate  drains  without  creating  a  nuisauoe, 
and  when  combined  aystem  would  be  unduly 
costly. 

Water-bonie  scwjice  never  has  the-  same 
composition  in  any  two  cities,  and  in  any  iriven 
sewer  the  character  of  tho  sevrage  varies  with 
the  hour  of  tiie  day,  tKe  season  el  the  year  and 
the  state  of  the  weather. 

The  creation  of  Rivers  Boards  in  J8fll.  and 
subsequently  of  Kiver  Authorities  to  cuforoe 
the  provisions  of  the  Rivers  Pollution  Preven- 
tion .\ct,  1876.  directed  inquiry  into  the  practical 
cfliciency  of  the  Hy8t4?ms  of  sewage  disposal  in 
operation  in  works  of  sanituy  authorities,  and 
revealed  the  great  difRoaltiea  experienced  by 
these  K)dies  in  devising  means  ami  maintaining 
works  for  the  efiKcient  purification  of  the  sewage 
of  their  districts.  Especially  has  this  been  so 
in  the  case  of  the  County  and  non-Cotmty 
Boroughs  in  Enpland,  and  it  has  In^en  found 
necessary  to  insist  on  more  crticient  means  l>f  ing 
adopted  for  the  e&ciuai  purification  of  tho 
seTi-ago  hy  these  authorities. 

Tne  first  and  necessary  step  to  take  in  tho 
purihcation  of  sewage  is  to  remove  as  much  of 
tho  matters  in  suspension  as  is  economically 
jx)-<siblf.  On  arrivinir  at  the  outfall  work"  tho 
sewage  is  usually  panwd  through  coarse  screens 
of  various  design.  In  large  works,  automatic 
appliances  are  provided.  Then  the  sewage  is 
pa.s^ed  through  iletrittis  tanks  designetl  fw>  that 
I  he  of  How  will  nlhtw  the  heavier  and 

minerat  matters  to  settle  out  of  the  sewage, 
leaving  the  lighter  mineral  and  organic  8U6> 
pended  matters  to  paas  forward  with  ue  sewage 
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to  tanks  for  farther  treatment.  Tenk  tfefttment :  (5th  Report)  think  tliat  in  certain  circumstances 

may  have  for  ita  object  t —                          |  tho  adoption  of  leptio  tank  treatment  aa  a  pra> 

(a)  The  TemoTal  of  the  ranainmg  suspended  I  lininary  pro«em  in  efficient  and  economical. 

matters  in  the  sowago  by  quiescent  ecdimenta-  If  thoro  l>e  any  advantaj^o  in  attempting'  to 

tioa  or  oontinuoua  flow  dodimentation   (sedi-  ferment  the  organic  solids  of  sewage,  it  would 

mentation  tanks).  appear  preferable  to  avoid  the  dirturbance  of 

(6)  Sodimentatio!!  vith  partial  digestion  of  the  nludgc  in  the  bottom  nf  the  tank  through  tho 

tho   insoluble   and   sahihh'   organic    matters  j  evolution  of  gas  by  separation  of  tho  sludgo 

(septic  tanks);  or  from  the  flowing  sewage  and  to  submit  the 

(c)  Sedimentation  aided   by  the  use  of  sludge  to  septic  treatment  in  a  special  chamber 

▼ariotu  chemicals  causing  a  flocculeut  precipita-  provided  for  tho  purpose.   This  yiriueiple  has 

ti(<n  rtn<l  more  ra{)i(l  settlement  of  niapended  i)cen  earried  out  to  some  extent  by  Travis,  >sho 

matters  (precipitation  tanks).                        I  has  devised  a  hydtolytic  tank  and  installed  tho 

The  choice  of  tank  treatment  depends  upon  j  process  at  Hampton.  The  tank  is  so  designed 

a  number  of  factors  affecting  the  particular  that  only  a  small  proportion  of  the  Fcwuiz''  comes 

scu'Bge  under  treatment.    The  quality  of  the  in  contact  with  the  sludge,  but  difficulties  in 

sewage,  the  time  required  to  cfifeet  a  maximum  preventing  nuisance  and  the  eflieient  removal 

reduction  of  the  suspended  solids,  and  the  of  the  suspended  matter  have  prevented  its 

economical  concentration  of  the  sludge  produced  general  adoption.    In  the  septic  tank  designed 

h  ive  to  bo  considercfl  having;  retrard  to  tho  final  by  Imhoff,  and  knoun  as  tlie  K^sen  tank,  the 

treatment  of  the  sewage  by  filtration.   Some  flo\ving  liquid  is  entirely  separated  from  tho 

aemwes  contain  more  solids  which  settle  very  sludge.  Tne  tank  is  of  oylindiical  form  with  a 

slow^'  than  other  kinds,  and  no  precise  rules  coiikuI  bottom.    In  the  upper  ]x)rtIon  nf  tho 

can  be  laid  down  as  to  the  design  of  the  thinks  ■  tank  is  a  sofli mentation  chamber  witli  sloping 

or  as  to  the  period  of  settlement  required  ;  but  I  floors  ami  slots  at  the  bottom  to  allow  the  sludge 

with  rc;rard  to  the  holding  capacity  of  the  tanks,  to  settle  into  the  sludee  chamlK  f  Mow  (Sur- 

the  nunimum  requirements  for  sedimentation,  veyor  and  Municipal  and  County  Kiijrineer,  1909, 

septic,  and  chemical  preeipitation   taiiki  are  625).    It  is  claimed  that  the  sludjje  wliich  is 

fixed  by  the  Local  Ciovemment  Board  K€gula>  ]  witi^drawn  from  this  chamber  from  time  to 

tions  (see  p.  666).                                      ]  time  contains  only  76  p.c.  water  and  is  non- 

The  'septic  tank  treatment  *  of  sewage  has  put refaet ive,  atid  that  a  larcc  pcrcentapc  of  llie 
not  fulfilleci  the  claims  that  were  put  foris"ard  organic  solid  matter  is  destroyed.  The  method 
cm  its  introduction  as  to  the  advantages  of  the  has  been  adopted  by  the  Emschev  <3cnoeeen- 
treatment.  It  was  primarily  claimed  that  it  schaft,  Init  there  has  been  so  far  no  expeiicaoe 
solved  the  sludge  difficulty,  inasmuch  as  practi-  with  it  in  English  sewage  works, 
cally  all  the  oreanio  solid  matter  was  digested  With  regard  to  the  chemical  precipitation  of 
in  the  tank.  Exnerienoe  has  shown,  however,  sewaM,  it  has  long  been  known  that  no  amount  of 
that  only  a  small  percentage  of  the  organic  chemicals  which  can  with  any  show  of  reason  be 
solids  are  digested,  the  amount  varying  to  some  added  t<>  sewage  is  suflBcn  ■'.  >  r  nearly  sufficient , 
extent  with  the  character  uf  the  sewage,  the  to  convert  the  whole  of  the  putrescible  matter 
sise  of  the  tanks  relative  to  the  volume  treated,  into  harndess  forms.  AH  methods  of  obemieal 
and  the  frequency  of  cleansine.  It  was  al«o  treatment  of  erwatrr.  by  patented  processes  or 
said  that  sewage  which  ItaU  {>assed  through  a  otherwi.s<>,  aiui  at  tlHritieatiuu  and  purification  ; 
septic  tank  more  easily  oxidised  than  that  is,  tho  separatiim  of  the  solids  and  the 
sewage  from  which  the  solids  had  been  allowed  clarification  of  the  liquid,  usually  by  chemical 
to  settle,  either  with  or  ^rithont  the  aid  of  precipitante.  Mnt>  precimtation  processes 
chemiials.  in  ta^ks  which  were  frequently  cannot,  however,  l>e  relie<l  upon  to  remove 
cleaned  out ;  but  hero  again  experienco  has  suffioi«it  of  the  soluble  putrescible  organic 
shown  that  septic  tank  effluent  is  not  more  matter  to  preyent  the  effluent  subsequently 
easily  nxndiscd  than  tho  other  liquids.  The  becoming  offensive  to  the  senses.  The  treat- 
septic  tank  docs  not  effectively  leuiove  the  ment  of  the  sewage  by  chenucal  precipitation, 
suspended  solids  in  the  sewage,  the  tank  liquid  whilst  effecting  considerable  purification,  at  the 
contninins  on  an  average  from  10  to  15  grs.  of  name  time  brings  the  effluent  into  a  condition 
suspended  solids  per  gallon — ^an  amount  that  more  suitable  for  subeeqtient  filtration,  especially 
materiallv  affeeta  the  maintenance  of  tlie  filters  wlit  re  the  deposition  tanks  are  small  for  the 
used  for  the  final  purification.  Moreover,  a  slow  .  volume  of  sewage  to  be  treated.  Hence  the 
rate  of  flow  through  the  tanks  tends  to  increase  |  use  of  dbemieals  can  only  be  recorommded  for 
the  risk  of  nuisance  from  smrll,  when  the  septic  thi  puriio.c'  of  starting  a  procef«  of  purification, 
effluent  is  distributed  over  a  filtering  area,  and  the  only  practicable  way  of  punfyijng  tho 
Tho  sewage  ou};ht  not  to  remain  more  than  24  soluble  putrescible  organic  matters  of  the  uquid 
or  less  than  12  hours  in  a  8e|)tic  tank.  Tho  so^VBge  resulting  from  the  precipitation  process 
longer  the  tank  is  run  with(»ut  cleaning  the  less  is  to  rc^^rt  to  filtration.  That  filtration  in  some 
tY)lumc  of  -lud;je  there  will  be  per  given  volume  form  or  another  is  essential  to  any  cfTicicnt 
of  sewage  treated,  but  the  amount  of  suspended  system  of  sewage  purification  has  been  cstab- 
solids  issuing  from  the  tank  increases  seriously  lished  over  and  ovw  again,  and  insisted  upon  by 
as  time  goes  on  and  grcatlv  affect <:  the  efficient  hiph  aul)iMiit\  .  Tl  therefore  imporfnut  that 
working  of  tho  filterH  and  the  quality  of  the  wo  nhotiid  unileri^tand  tho  scicntilie  jiniieiplea 
filtrat<-.  On  the  oth(T  hand,  the  main  use  of  n  invulv<Ml  in  thn  process  of  filtfati<m  which  are 
septic  tank,  owing  to  its  larpe  capacity,  is,  that  available  fi>r  the  ])urposc.  Wo  must  first  d«'tino 
it  has  tho  effect  of  equalising  the  sewage  b.h  what  is,  or  ought  to  1h>.  the  true  aim  of  .'^c^Tigo 
regard  -!ri  ti-lli.  o ,1  <if  ivoeping  the  character  purification.  It  is  to  remove  tho  sus|)rndcd 
of  the  liquid  uniform,  and  the  ituyal  Commission  matters,  and  to  convert  the  carbon  and  the 


.  J  .1^  .^  l  y  Google 


S£WAG£. 


663 


nilnii,'rri  of  the  rfmnining  organic  matt<^r  in  the  ; 
sewagt'    into    inorganic    matter.    Thf*  River 
Pollution  Commiflsioncrs  in  1868,  with  tliis  nlm 
in   view,  a<lvocat«d  filtration  through  land. 
1'hcy  laid  down  conditions  essential  for  success-  | 
fill  r<  .suits  which  are  as  true  to-<l(iy  a,^  they  were 
at  thAt  date,  although  subMqucnt  researchos  I 
!»▼«  thrown  new  light  on  the  true  eauMa  of  I 
thi^  convention  of  the  orpnnic  matter  into  in-  | 
orxunje  matter  and  a^iitttHi  luaterialiy  to  a  moro 
satisfactory  solution  of  the  probiem.  They 
fotinil  t)if»t  in  filtration,  whether  through  sand, 
gravel,  clialk  or  soil,  or  throuph  a  mixture  of 
chalk  and  sand,  it  waii  essential  thut  the  atnio- 
spherio  oxygen  ahould  have  fi^oeat  and  free  I 
aooeas  to  the  interior  of  the  filter,  and  that  the 
rfllnont  .should  flow  freely  off  from  the  bottom  ' 
of  the  filter,  so  that  as  the  last  portion  of  each 
dose  of  sewage  water  sinks  into  the  filter  it  may 
draw  atiTiO'ipheric  air  into  the  pores  of  the 
material  from  the  surface  down^vards.  They 
regarded  the  action  as  a  niechanieal  and  ehcnii- 
oal  one,  and  showed  that  the  action  could  bo 
maintained  if  the  osddising  powers  of  the 
filtering  material  wrrc  not  allowed  to  becomr 
choked.  The  su  Ksequeat  researches  of  8chlo*»8ing  I 
and  Muntr-  in  France  (Compt.  rend.  I 'AOl ;  , 
80,  12.')0)  and  of  Robert  Warin^'ton  m  Eng.  I 
land   (Chem.   Soc.  Trans.  1877)  have  shown  j 
that  purification  as  defined  above  is  brought 
about  by  the  mterveotion  of  living  oiganienu. 
Sewage  eontains  Tarfons  Idndi  of  organic  matter 
which  fnmi.-<h  nlmndant  food  for  bacteria^ wUoh 
are  alwavs  present  in  great  uumbera. 

The  changes  brought  ahont  in  the  oondition 
of  sewage  on  standing  may  he  of  a  twofold 
character.  The  one,  duo  to  living  organisms 
zequiring  free  oxygen  for  their  growth,  has  the  ; 
result  of  rendering  the  organic  matter  inofiennve. 
The  other,  due  to  organisms  whleh  flourish  in 
tlu^  ahsi  nco  of  free  oxyson.  pives  rise  to  protlucts 
which  are  offensive.  The  oxygen  necessary  for 
the  growth  of  what  may  bo  termed  the  aerobic 
ortjanisms  13  xisunlly  derived  from  tlie  oxygen 
dissolved  in  the  water  which  carries  the  sewage ; 
but  sewage  itself  is  either  entirely  free  from,  or 
at  any  rate  contaiita  lees  dissolved  oxygen  than 
is  necessary  for  the  active  growth  of  these 
aerobic  orLranisms.  In  ((inseinience  of  the  ab- 
sence of  ditched  oxvgen  in  se^-agc,  it  has 
during  its  passage  to  the  outfiril  wotkb  already 
begun  to  undergo  change  of  a  putrescent  charac- 
ter owing  to  the  growth  of  the  putrefactive  or 
anaerobic  organisBM.  The  pro<luct«  of  this 
putrefactive  change  rapidly  absorb  free  oxygen 
passint;  into  moro  stable  forms,  and  therefore  | 
when  sew  aire  is  puup  d  into  a  river  or  into  fn'sh 
water  it  rapidly  robs  the  ^^Titer  of  its  dissolvinl  j 
oxygen,  and  if  the  quantity  poured  in  exceeds  I 
a  1  i  rtain  proixirtion  as  compared  with  the  river 
or  fttiah  uaUi,  the  whole  of  the  water  is  deprived 
of  its  dissolved  oxygen  and  l>ccoraeH  inoapableof  | 
supporting  the  activity  of  the  aort»bic  organisms, 
whilst  at  the  name  time  the  activity  of  the 
putrefactive  or  anaerobic  organisms  may  render 
the  whole  of  the  waters  noxious. 

The  kind  of  deoomposition  which  seu-age 
tiruh  r_'n(  s  is  therefore  df  tr  rnniied  by  the  kirn)  ' 
or  micr«.>U"si  which  can  freely  deveioj)  ami  remain  ' 
active  in  scwnyr.  and  the   kin«l  of  microbes  i 
v^hieh  <  aii  diM  li  pand  remain  active  in.  in  tnnu 
deloriinrud  iiy  the  access  or  cxcluisiou  of  air 


and  light,  by  temperature,  and  by  the  chemical 
reaction  of  the  whole.  These  facts  are  of  prime 
importance,  for  (hsy  liimish  the  basis  of  all 
good  systems  of  sewage  disposal.  The  prompt 
disposah  of  sewage  is  the  end  and  aim  of  any 
rational  svi^tem  of  sewage  disposal.  Putre- 
factive processes  are  slow  and  often  a  menace 
to  the  health  of  a  netghbouihood. 

Prorosses  of  oxidation  are  more  rapid  and 
complete  and  are  inoffensive.  Wlinn|[ton 
showed  that,  vjoAer  favourable  eonditions, 
thpftc  li\'inp  or!»ani?ms  in  sewage  may  be  so 
cultivated  as  to  eilect  the  destniction  of  the 
orcanic  matter, provided  the  filter  is  well  supi»lie<l 
with  air  leqiniaite  for  the  discharge  of  the  funo- 
tiona  of  these  organisms,  and  also  that  sufficient 
mineral  matter  of  a  suitable  kind  bo  present  to 
oombine  with  the  products  of  their  action.  The 
results  of  the  experiments  made  by  the  American 
chemists  (1891)  of  the  Massachusetts  Board  of 
Health,  confirm  this  statement,  for  they  say  : — 

*  The  purification  of  8o\vage  by  intermittent 
filtration  defends  upon  ossjaea  and  time ;  all 
other  conditions  are  secondaiy.  Temperature 
has  only  a  mijior  inflnence  ;  the  or^ranisms 
necessary  for  purification  are  sure  to  establish 
themselves  in  a  filter  before  it  has  long  been  in 
use.  Imperfect  purification  for  any  con- 
siderable period  can  invariably  be  traced  t  itlier 
to  a  lack  of  oxygen  in  the  pores  of  the  filt<  r  (*t 
to  the  sewage  irfisajng  so  quickly  through  that 
there  is  not  suffidem  time  for  the  ondation 
processes  to  take  place.  Any  treatment  which 
keeps  all  particles  of  sewage  distributed  over 
the  surface  of  sand  particles,  in  contact  with  an 
excess  of  air  for  a  sufficient  time,  is  mirc  to  give 
a  well-oxidised  effluent,  and  the  power  of  any 
material  to  purifv  sewage  depends  almost 
entirely  upon  its  abili^  to  hold  the  sewage  in 
contact  with  air.  It  must  hold  both  sewage  and 
air  in  8utfioient  amounts.  Both  of  these 
qualities  depend  upon  the  phyaical  characteristics 
of  the  material.  Tlie  ability  of  a  sand  to  purify 
sewage,  and  also  the  treatment  rpqm're<l  for  the 
best  results,  bear  a  very  close  relation  to  its 
mechanical  composition. 

Plants  built  to  answer  the  above  conditions 
consist  of  a  number  of  sand  beds,  each  of  about 
one  acre  superficial  area  anil  imm  4  to  '>  ff.  in 
depth,  carefully  levelled,  uuderdraincd  and 
divided  from  each  other.  Crude  sewage,  after 
passing  thronv'h  a  qrit  chamber  and  screens  to 
remove  road  waahings  and  large  floating  sub- 
stances, is  run  Ruccessively  upon  the  various 
Iwd-s,  none  of  the  beds  receiving  .sewage  for  a 
longer  p«Tiod  than  G  hours  out  of  each  24,  for 
if  the  beds  received  the  sewage  contitniuu-ly 
there  would  be  absolutely  no  air  present  at  any 
time  in  the  bed,  and  air  is  neeessary  for  the  life 
iif  ihf  nepiMc  oiiraiii^nis.  l?v  applying  tho 
sewage  only  6  hourn  out  of  the  21.  as  the  liquid 
drains  out  of  the  bed,  air  enters  to  take  itn 
place,  and  tho  conditions  favourable  to  the 
action  of  both  groups  of  organisms  are  main- 
tained. By  this  process  from  W.».tXX>  to  7.').tK»0 
gallons  of  domeritio  sewage,  sewage  not  coO" 
tAininsr  a  large  profHtrtion  of  manufaeturini; 
\\  1  .  ran  Ix-  jMiritied  each  day  «>n  one  acn-  of 
.saud-f>ed  area,  so  that  tin-  )iollutin<r  snbstan<cH 
are  to  sUCh  an  extent  removed  that  the  liqiii«l, 
as  it  runs  away  from  the  is  clear.  brij»ht, 

almost  odourk-ad,  and  can  be  emptied  into  a 
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wry  small  ttraftin  wltiumt  fan  'of  oaoiing 

trouble  (L.  P.  Kinnicntt). 

The  application  of  sewage  to  Iimd  is  carried 
out  by  two  pUDCeewea.  which  are  known  as  inter- 
mittent doimward  filtration  and  broad  iirin- 
tion.  In  the  former,  the  land  is  used  after  tne 
manner  of  an  ordinary  sand  filter  and  roquins 
tho  land  to  be  open  and  porous  with  a  sandy 
waltmaSL  With  fauid  of  a  retentive  ehuactcr, 
with  a  day  suhsoil,  broad  irrigation  is  nsually 
adopted,  the  eewn^o  being  distributed  over  the 
land  in  such  a  manner  that  it  runs  over  the 
gnrfacc,  and  the  purification  is  effected  by  the 
nitrifying  organisms  in  tho  surface  soil.  As 
some  irriiratinn  areas  are,  however,  under- 
drained  in  order  to  assist  tho  land  to  '  dry  off  ' 
sufficiently  rapidly,  a  oertain  amoimt  of  down- 
Avanl  filtration  may  take  place,  and  it  is  there- 
fore difficult  to  make  a  distinction  between  the 
two  processes  in  every  caae.  In  both  inter- 
mittent down'A'ard  filtration  and  broad  irriga-  ' 
tion  it  is  desirable  to  intercept  some  of  the  i 
suspended  solids  in  the  sewage  ixfure  apjilvin;; 
the  liquid  to  tho  land.  In  sewage  farming 
proix-r,  the  prdtminaiy  tfeatmcnt  is  Toy  slight  I 
and  usually  ooosists  of  iliainiiig  and  rough 
settlement. 

The  volume  of  sewage  that  can  effectively 
be  puri6ed  on  a  given  arcJi  of  land  varies  within 
wide  limits,  dejK'nding  on  the  quality  of  the  land 
and  the  strength  of  tho  sewage.  The  general 
experiei^ee  is  that  on  good  land  a  sewage  of 
aTcrage  strength,  from  which  the  major  portion 
of  the  susfK'ndied  solids  have  been  eliminatcMl  hy 
tank  treatment,  can  be  treated  at  about  the 
sate  of  30.(KXJ  gallons  per  acreper  da\-,  with  the 
produetion  of  a  high-class  emuent.  With  un- 
Kuitable  land,  buch  as  clay,  not  wore  than 
3000  gallons  per  acre  can  be  efficiently  treated, 
even  aftoc  settlement  ol  the  sewage. 

The  Looal  Cbvemnient  Board  require,  when 
tho  sewage  after  jirevious  sedimentation  is 
applied  to  land  of  the  mmi  iiuitable  kind  by 
hroad  irrigation,  that  the  quantity  should  not 
rxeeed  -ir/H)  gallons  of  dry  weather  flow  per  acre 
IH'T  day,  ur  the  drj»'  weather  llow  sewage  from 
150  persons.  Surplus  land  must  also  be  pro- 
video  in  such  oases  from  25  p.c.  to  fiO  p.c,  for 
mting  purposes.  When  the  land  is  leffi  mitable 
the  quantity  per  aire  may  be  reduced  to  as 
little  as  llKMt  gallons  per  clay.  When  the 
sewage,  aft^'r  previous  seaimentation,  is  applied 
to  downward  filtration  on  land,  the  qunntity 
l>er  acre  of  tho  most  suitable  land  shall  not 
exceed  15.000  gallons  of  dry  weather  flow  per 
acre  per  day,  or  the  sewage  ttom  500  persons. 
Bnrplus  land  tip  to  25  p.c.  Is  nsnally  required. 
This  area  to  be  inen  a.sed  if  the  laiifl  !  '  i  ^t  of 
the  best.  When  tho  sewage,  after  eljeinical 
piooipitation,  is  applied  to  land,  the  tank  c£9aent 
may  V  ajrplied  at  the  rate  of  30.000  j^alloiif^  per 
Mere  JK  J-  dii\  ,  or  the  sewage  fruni  ItXMJ  iXTsonM  as 
a  maximum. 

Land  naturally  varies  in  its  physical  charac- 
ter and  in  its  power  to  purify  sewage.  Moreover, 
clitiiatie  rniidifions  play  an  iiM}><irtaiit  ]»iirt,  and 
although  the  volume  of  sewage  which  laud  in 
capable  of  dealmg  with  is  sufRctent  to  warrant 
the  sniallcr  sanitarv  authorities  in  adopting  land 
filtrat  ion,  anil  it  is  the  cheapest  of  all  .systems  in 
siirb  .  u;-(  s  v.  t  it  has  been  successfully  contended 
that  iu  many  oases,  especially  in  the  great 


centres  of  manufacturing  industry,  the  land 

available  rither  of  unsuitable  quality,  is 
available  ui  quite  inadequste  area  for  effective 
filtration  through  the  soil,  or  is  obtainable  only 
at  a  prohibitive  cost,  and  it  is  now  recognised 
that  sewage  purification  may,  in  such  cases,  be 
earned  out  on  oompaiativdy  small  avsaa 
artificially  prepared. 

Artificial  sewage  filfeera  may  be  divided  into 
two  hroa*!  olsflses :  oontaet  beds  and  peioo- 
kting  filters. 

Coniact'bed  trtatmenL  This  method  is  the 
result  of  experiments  made  bv  "Vi.  J.  Dibden, 
on  London  sewage.  It  differs  from  intermittent 
do\vi\ward  filtration  in  that  the  sewage  inst<'ad 
of  being  applied  slowly  and  allou-ed  to  drain 
throtif^h  the  land,  is  ran  rapidly  into  a  water- 
tight  bed,  fillerl  %rith  a  coarse  material  as  cinder!?, 
clinkers,  or  coke,  ami  retained  in  the  bt^i  fur  a 
given  number  of  liours,  after  which  the  liquid  is 
quickly  run  out  of  the  bed.  The  bed,  after  it 
is  emptietl,  is  allowe<l  to  remain  empty  for  some 
time  l)<"fr)rr  receiving  the  next  tiibng.  The  lietl.s 
are  usually'  built  on  two  levels  so  that  if  sufficient 
purifloation  is  not  accomplisbed  by  single  eon- 
ta(>t.  the  liquid  fnini  that  be<!  can  bo  run  upon 
a  second  bed  at  a  lower  level  and  receive  double 
contact. 

The  method  is  not  atlajUed  for  trejiting  crude 
sewage  or  sewages  oontaining  much  suspended 
matter,  and  the  capacity  of  a  contact  bed  is  bewt 
maintained  by  preventing,  as  far  as  possible, 
'  the  aeoess  of  suspended  and  colloidal  matters 
to  the  bed. 

The  physical,  chemical,  and  baclenal  changes 
which  take  place  during  the  prooessof  puriliea* 
tion  in  a  contact  bed  are  complicated.  The 
formation  of  colloidal  film  deposits  on  the 
surface  of  the  filtering  medium,  and  the  action  of 
I  miora^iganisms  aro  essential  to  the  process. 
I  In  order  to  regulate  the  nrowth  of  thn  slimy 
1  depoi^it  so  that  the  bed  will  do  its  ])ro]HT  work, 
J  and  at  the  same  time  not  lose  its  liquid  capacity, 
it  is  essential  to  eaiefully  regulate  the  ( \  (  b-  of 
operstion.".  cpocially  providing  a  ])eriod  oi  rest 
for  the  beii  lo  remain  empty  beforv  reJilhng,  n» 
the  rcstinc  period  is  the  most  important  phase 
I  of  tlie  cycle,  when  oxidation  is  most  active.  A 
I  bed  should  not  be  fiDed  more  thm  three  times 
in  24  hours,  and  the  fillings  should  be  as  far 
;  apart  from  one  another  as  practicable,  via. 
three  fillings  in  three  cycles  of  8  hours  eaoh,  so 
I  that  the  maximum  period  for  drainage  and 
aeration  between  the  fillings  may  be  obtained. 
The  depth  of  contact  beds  should  not  exceed 
j  6  ft.  or  bo  less  than  2  ft.  6  ins.     In  deciding 
'  upon  the  size  of  the  material  to  be  used,  the 
amount  of  susjx'iiili'd  matter  in  the  liquid  to  If; 
treated  must  be  oousidcred.    As  a  general  rule, 
I  the  greater  the  amoimt  of  suspendM  matter  in 
the  liquid  the  larger  the  material  should  be. 
Material  of  a  diameter  from  |  to  |  ot  au  inch  down 
to  as  fine  as  \  inch  diameter  may  bo  useil.  Over 
the  drsins  of  the  beds,  material  of  fairly  large 
size  must  he  laid,  and  in  order  to  preserve  the 
life  iti  a  contact  IkmI,  it  is  advisable  to  retain  as 
uiuch  as  possible  of  the  su>«)H>n<lod  matter  upon 
the  Burfscp  of  the  material  by  using  fine  material 
for  tlif  to](  t:ix  inches"  or  sn. 

In  prat  lice  it  h  t  s  bi  < n  ttiuial  u«;eet««ry  in 
si'iMi;  instances  to  wm-Ii  itie  liltcring  material 
when  it  has  become  clogged,  and  in  a  few  of  tbo 
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larger  installations  thiB  operation  cnrrii  il  on 
oonCinuoiisly.  Hot  only  has  this  to  be  done  on 
Aoooant  of  aoranmlatM  boIM  matten  derived 

from  the  sewage  passet!  to  the  bed,  but  is  in  part 
tlui'  to  tho  consolidatiun  and  disintegration  of 
t  ho  materialof  which  t  he  bed  is  formed .  Whether 
it  is  more  economical  fn't|uctitly  to  wash  or 
renew  the  material  in  contui  l  Ix  ds,  or  to  remove 
the  greater  portion  of  the  suspended  matters 
from  the  sewage  liquid  before  it  is  treated  and 
to  wash  the  beds  less  frequently,  depends 
primarily  on  lixul  cirrurn.^tanccH,  yet  it  is  im- 
portant to  state  that  the  troubles  arising  Irum 
fSogglag  are  generally  traceable  to  (a)  the  em- 
ployment of  inferior  material  forming  the  bed, 
(6)  allowing  too  much  suspondetl  matter  to  be 
carried  forward  with  the  tank  effluent,  (c)  over- 
working tho  filters.  There  is  therefore  a  limit 
to  the  eoonomiesl  uae  of  *  waahery '  plant  in 
Oonnection  with  the  wwkint;  of  contAet  1k<Is. 

Percolating  jiUets.  In  percolating  tillers  the 
sewage  is  not  held  up,  but  IS  allowed  to  percolate 
through  the  filter  in  the  prwenee  of  air  and  the 
onpanisms  on  tho  surface  of  tho  hltcring  medium. 
Clmker  and  coke  are  prefemUe  materials  to 
form  the  JUtering  medium,  prceenting  the 
rouffhest  and  most  irregular  surfaces. 

The  grading  of  the  nrntcrial  is  largely 
influenced  by  the  prcsenco  or  abecuoe  of  sua- 
pended  matteis,  and  by  the  amount  cif  *  re- 
movable* organic  matter  in  the  sewafre  effluent 
applied  to  the  filter.  Iii  prat  tice,  material  of 
^  mdi  diameter  (tine  material)  is  the  smallest 
grade  used  for  liquids  containing  little  or  no 
8Uspende<i  matter,  but  the  usual  grade  employed 
is  not  less  than  1  \  ins.  to  2  ins.  diameter. 

The  most  usual  form  of  filter  is  circular  in 
pUn.  this  form  being  adopted  beoause  the  dis- 
tribution of  the  sewage  is  mo.''t  freqtiently 
effected  by  means  of  revolving  nprinklers  which 
cover  a  circular  area.  Tho  floor  of  tho  be<l 
should  bo  con8tructc<l  of  concrete  of  sufficient 
thickness  to  form  an  impervious  stratum  over 
whieh  the  drainings  from  the  bed  can  flow. 
Upon  this  fioor,  a  false  tapered  tiled  floor  is 
ooostraefeed,  leaving  air  and  drainago  spaces 
iK'twcen  the  tiles,  aeration  of  tl>e  Uittom  pnrt 
of  the  bed  with  efT«>ctive  drainage  bemy  utMjential 
in  order  to  olitnm  a  fully  oxidised  cfllucnt  and 
to  enable  the  bed  to  exorete  tho  solid  matter 
which  paswes  from  it. 

The  external  walls  arc  usually  eonstruetrd 
by  honeyoombed  brickwork  providing  ventila- 
tion of  the  sides  of  the  filters.  The  denth  of  the 
filter  is  contnjllcd,  on  the  one  hrtnd,  by  the 
strength  of  the  se^va^c  to  Ijo  tn'ateci,  and  on  the 
other  hand,  by  the  stse  of  the  filtering  material, 
and  it  is  generally  swinic^l  that  a  filter  is  cajiable 
of  purifying  a  quaiilUy  of  sewage  pro}>ortionate 
to  its  depth. 

Efficient  and  eauable  distribution  of  tho 
effluent  owr  the  surface  of  the  filter  is  essential, 
and  tluTear<-  mjiii y  d<  \  ie<  s  u^^rd  for  this  )>urjw»s<-. 
tho  rlass  ot  ttulojimtic  revt>lv'ing  dintnlmtors 
being  mostly  employed.  The  Candy- Whittaker 
diffrihutor  is  capable  of  automatically  dealing 
with  any  How  lietween  I.IO  and  1(](M)  gallons  per 
square  yard  of  ImmI  )mt  24  hours  without  the 
employment  of  an  automatic  valve  or  dosing 
chamber.  The  effluent  from  peroolating  beds 
eontaitis  su>~|K  ti(le«i  nwtter.H  which  it  is  es.s4rntial 
to  remove,   bt^cundary  scdimcntatiun  with  or 


without  shallow  cinder  filtraf  ion  forms,  therefore, 
an  integral  part  of  most  percolating  filter  plants. 

FsNoIatittg  fflten  are  better  adapted  to 
variations  of  flow  than  contact' beds,  and  are 
loss  liable  to  become  clogged. 

The  Royal  Commission  found  that  where  the 
8e^rage  effluent  contain??  much  suspended  matt^T, 
it  is  usually  advisable  to  construct  percolating 
filters  of  coarse  material,  whatever  the  strength  of 
the  original  Mtwagt,  Moreover,  in  nearly  every 
case  a  greater  rate  of  ffltiation  can  be  adopted 
if  the  material  is  firrant:e<l  in  the  form  of  n  j)ereo- 
iating  tilter  than  if  it  is  used  in  contact  Ix-ds. 
The  rate  of  filtration  per  cube  yar<l  in  the  ease 
of  percolating  filters  may,  generally,  lie  double 
or  nearly  double  that  which  i»  j>crmissibIo  in 
the  case  of  contact  beds. 

*  During  tJie  past  ten  years,  data  have  been 
collected  at  the  Xa  Wren  CO  Experimental  Station 
(Massachusetts  Stat.-  Biiard  <.f  Health)  as  lo  the 
'  part  played  by  carbon  compounds  (other  than 
carbonates)  in  sewage  and  sewage  purification. 
Determinations  fif  tlu  carbon  content  and  Inga 
'  on  ignition  of  evapuratiou  residues,  showe<i  that 
j  in  the  case  of  residues  from  so  wage,  carl>on 
^  formed,  on  the  average.  23  p.c.  of  the  total 
I  residue  and  50  p.c.  of  tho  loss  on  ignition,  tho 
corrcspomlinu'  fi^jiires  for  residuts  from  othir 
products  being :  surface  waters,  7*5  and  20 ; 
sewage  effluents  from  fliten  of  coarse  material, 
'  10  and       ;   wtiol  seourinirs,  17  and  54;  anil 
I  paptr  mill  waste.  23  and  tti  respectively.  Tho 
I  ratio  of  carbon  to  organic  nitrogen  in  the  oifierent 
products  was  as  folio w.h  :  sewage,  more  than 
I  llj;  surface  waters,  16-20    sewage  effluents, 
;   wool  .«i  ourint:s.  21  ;  paper  mill  waste, 
i  l4^.   In  a  number  of  sewage  sludges,  nearly 
I  one-half  of  the  organio  matter  consisted  of 
fatty  substance."",  and  the  carbon  content  of 
the  sludge  wn«  about  6o  p.c.  of  the  Ima  on 
ignition.    In  sediments  from  trickling  or  contact 
filters,  the  carbon  content  was  50  p.c.  of  tho 
loss  on  ignition.    Septic  tank  sludge  contains 
56-61  p.t .  of  carbon,  and  the  carbon  content 
,  of  the  fatty  substaooes  therein  is  about  25  p.o. 
of  the  total  oarbon.  In  the  case  of  sands  fmm 
scwaire  filters,  a  eonsidcTahle  portion  of  tho  loss 
on  ignition  may  be  due  (o  c  hemically  combined 
I  water.   Li   some      <     mens   examined,  tho 
carbon  content  was  7--12  times  as  high  as  tho 
organic  nitrogen,  and  on  the  average  wus  about 
35  p.c.  of  the  loss  on  ignition.  Rxperiments 
I  were  made  to  determine  the  maximum  oxygen 
I  oonsumed  by  boiling  with  permanganate  till  no 
,  further  reduetii  >n  of  the  latter  took  place  {8  hours 
^  usually  sutlicodj,  and  the  results  were  compared 
I  with  the  oxygen  eonsttned  in  two  minirtee.  and 
'  with    the    amount    of   oxygen  theoretically 
ncccssiiry  to  oxidise  the  carbon  content  of  tho 
sewage,    Ac.    In  unfiltorcd  sewage,  the  two 
1  minutos  "  oxygen  consumed  "  was  10-19  p.o. 
*  and  the  maxinraro  **  oxygen  oonsumed  **  34-M 
of  the  theoretical  value,  whilst  in  filtcivd 
J  sewage,  the  oonosix)nding  figur»'.s  we»re  13-28 
I  and  S1-86  p.c.  respeotively,  and  in  eflhieuts  and 
waters  the  percentages  were  still  high<T.  The 
clogging  of  sewage  filters  is  due  chiefly  to  non- 
nitrogenous  carlKui  comiM)un»ls  (cellulose,  fats, 
&c.).    Jn  tho  matter  retained  by  tho_  filters, 
the  amount  of  earbrm  is  about  seven  times  as 
high  as  that  of  ort»nnie  nitn>gen.    Aleut  To  ]».o. 
i  of  tho  oarbouaocous  matter  stored  in  tho  filter  is 
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contained  in  llio  first  foot  in  Jcpth.  A  study  of 
nitrifioAtioa  iu  aewt^Q  has  indicated  tbAt  if  the 
carbon  content  of  the  sewage  is  10  timeB  that  of 
the  nitropon,  nitrification  will  not,  tako  place. 
If  the  nitrogen  content  be  increased,  nitntication 
begins,  bttt  may  again  ho  clu-iikod  by  increasing 
the  carbon  rnntont  '  (H.  W.  Cltirk  and  G.  O. 
Adani«,  #1.  liid.  Kug.  Cheui.  1911, 

Based  upon  the  recommendations  contained 
in  the  Filth  Beport  of  the  Ki>y*l  Oojami^tiion 

(1908)  ,  the  Local  Government  BoaTd  adopted 
their  revised  and  supplenientory  rtquiremente 

(1909)  with  respect  to  sewage  puhlioation 
schemes  (Sanita^  Engineering,  Moore  and 
Silcock,  vol.  2,  ap))endix  iii.). 

Quaniity  of  setcage  to  be  trcnU  d.  Tho  quantity 
of  sewage  per  head  of  ]k  ]  n  :  on  is  usually 
reckoned  at  the  rate  of  30  g&liona  per  day  for 
dry  ^weather  flotr  for  ^meitk)  pmrpoaee.  If 
there  b<>  t  rade  leftiee  to  be  dealt  with  this  most 
bo  added. 

The  quantity  of  sewape  and  rain-water  to  be 

/«l/y  treated  at  thr  works  is :  3  times  the 
domestic  K(;M-age  pluj4  1^  trade;  refuse,  and  the 
quantity  of  sewage  and  rainfall  to  be  vartiaUy 
trmtcd  in  storm  bods  is  3  times  the  domestic 
sewage  plus  1^^  trade  refuse.  Any  excess  over 
these  qu  tiititits  may  be  discharged  over  the 
storm>watcr  overflows. 

Stantt  ovtffiotM,  Stomt  overflows  on  sewers 
should  as  far  a.s  is  reasonably  practicnblf  be 
avoided,  but  when  they  are  necessary  they 
should  be  placed  in  such  positions  and  with  the 
weirs  so  fixed  that  no  nuisance  is  likely  to  result. 
In  any  district  when?  there  is  an  active  river 
authority,  the  Board  will  desire  to  be  informed 
of  the  opinion  of  such  authority  in  respect  of 
any  proposed  overflows.  In  the  absence  of  any 
spcoial  cin  u instances,  overflow  weirs  should  be 
fiixcd  m  0^  not  to  come  into  operation  until  the 
flow  exceeds  six  times  that  of^ the  average  dry- 
weather  How, 

There  should  bo  no  overflow  for  untreated 
sewage  or  storm-water  at  or  near  the  disposal 
worn. 

8crtm».-  All  liquid  ddiveied  at  the  disposal 

works  shoidil,  ns  a  rule,  be  passed  throngh  a 

screen inu'  cliand'cr. 

Storm- U  'iitir  traitw  id.  A  weir  set  at  three 
times  the  dry-weftther  flow  sliould  bo  placed 
below  the  screenj},  and  any  volume  passing  over 
this  weir  should  bo  dealt  with  in  storm  tanks. 
The  tanks  should  bo  two  or  more  in  number 
and  their  total  capacity  should  not  be  less  than 
a  ijuaitcr  of  the  ilrv  wratlicr  flow.  They 
iihould  i>e  BO  arranged  that  when  they  are  full 
th(\v  will  act  as  *  continuous  flow  *  tanks,  and 
that  they  can  be  readily  emptied  and  kept 
«.  nij>ty  when  no  liquid  is  i)aH8ing  into  them. 

The  liquor  from  ihc  tank>  can  be  disehsjgcd 
without  further  treatiuent  except  in  special 
cases,  and  the  sludge  should  be  dealt  with  by 
any  of  the  usual  nit  tho<ls  which  may  bo  most 
suit  able  in  the  particular  ciruuuistanecs. 

In  vasvH  wh(  I  '  u  sufficient  area  of  suitable 
land  is  available  for  the  purpo.se,  detritus  thinks 
followed  by  irrigation  may  be  substituted  fur 
the  storm  tanks. 

SvwAOB  Trsatment. 

DclrHn/t  'I'lure  8ho\dd  Ix-  two  or 

more  detritus  lank?  lx?iow  the  screening  ehamlicr. 


The  <-a{>a('ity  of  oaoh  tank  should  be  aboot 
1^  of  the  dry*  weather  flow. 

8tpHc  faufts;  Septic  tanks  dwold  not  be 

less  than  two  in  ntimber,  and  their  total  capa- 
city  should  be  about  equal  to  the  dry- weather 
flow. 

Chemical  precipitation  tanks.  For  quiescent 
trcntment  there  should  not  be  less  than  eight 
tanks,  each  of  which  should  have  a  capacity 
equal  to  about  two  hours'  dry-weather  flow. 

For  eo«i<iiiwnMr  jkw  treatment  there  shfmld 
not  ]){'  less  than  two  tanks,  with  a  total  capacity 
of  at  least  eight  hours'  dry  •weather  flow,  and  in 
most  cases  a  greater  numhar  of  tanks  win  be 
desirable. 

Settling  tanks.  For  quiescent  treatment, 
same  as  chemical  precipitation  tanks. 

For  coaitiMioiM  fimv  treatment  there  should 
not  be  tees  than  two  tanks,  with  a  total  capacity 

of  from  10  to  lo  hours'  dr\ -weather  flow. 

Filters.  In  determining  the  sizes  of  perco- 
lating filters  and  contact  beds,  the  Board  have, 
in  order  to  allow  for  tin*  sfrrneth  of  tho  se«-ago 
to  be  treated,  adopted  tiie  divisions  into  '  strong,' 
'  average,'  and  '  weak '  sewages  recommended 
by  the  Royal  Commisnon. 

The  strength  of  sewage  should,  when  possible, 
be  asoertaini  d  hy  analysing  average  saiiijtles  o£ 
crude  sewage  taken  in  dry  weather  at  frequent 
and  r^ular  intervals  throughout  seven  days, 
and  in  proportion  to  the  flow.  Pos-sihly,  in  the 
case  of  small  \\  <  >Tk$,  the  period  fur  taking  i«iiijpl«ja 
for  analysis  might  Im  somewhat  shorter,  but  the 
period  should  not  be  less  than  48  hours,  and 
Saturday  and  Sunday  should  be  avoided. 

In  every  case,  the  daily  rainfall  during  the 

Scriod  when  the  sampka  wore  being  taken  and 
urin^  the  seven  preeedbig  dajni  should  be 
ascertninrd. 

The  analysis  should,  in  all  cases,  include  the 
following  items:  in  parte  per  100*000  by 
weiirht : — 

1.  Ammoniacal  nitrogen. 

2.  Albuminohi  nitrogen. 

3.  Total  nitrogen. 

4.  Oxygen  absorbed  from  strong  perman- 
gaunt e  in  three  minutss  at  OO^F.  (I'M  grma. 

KMnOj.  per  litreL 

6.  Oxygen  absorbed  fiom  strong  perman* 

ganatc  in  four  liours  at  SO*F« 
H.  fciusp"  tided  solids. 

7.  S<^Iub!e  solids. 
iS.  Cldorine. 

It  is  also  dttoiiable  that  the  amount  of 
dissolved  oxygen  taken  up  during  the  oxidation 
of  the  aTnrnrn.Iacal  and  oigaoio  matter  of  the 
sewage  shouhl  Inj  given. 

l%c  results  of  analysis  \\t>uld,  of  course, 
require  to  be  properly  interpreted;  but  as  a 
rough  guide,  it  may  be  taken  that  from  the 
(igure  lor  'oxygen  ab-or1>ed  from  strong  per- 
manganate in  4  hours  at  bO^F.,'  the  strength  of 
the  sewage  may  be  vecy  roughly  daesi&d  aa 
follows : — 

*  Strong '  sewage  17-25  parts  pur  liMi.OOO. 
•Average*  „     10-12      „  „ 

MVeak'  7-8 

In  cases  where  the  sewage  cannot  be  analysed 
its  strength  should  be  estimated  aeoordinfr  to 

the  water  consumption,  the  llnw  per  hrarl.  the 
kind  of  sewerage  system,  whether  water-closets 
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are  in  general  uso,  thevolumo  and  nature  of  the 
trade  waste,  the  amount  oC  dilntion  bjr  subtoil 
or  snrfaoo  ^I'atcr,  &c. 

Failing  satisfactory  cvidcuco  to  the  contrary, 
it  will  be  deairablo  to  a«aume  tbAt  the  sewage 
it  'slioiig*  for  the  purx>o8e  of  estimating  the 
required  capacity  for  tho  disposal  works. 

For  the  purpo^  of  showing  the  minimum 
total  cubic  contents  of  filters  required  for 
treating  thn-o  titius  the  dry  weather  flow  in 
diflferent  the  tables  A  and  B  have  been 

prepared  on  tho  data  given  in  t  lu-  Conunis.sion's 
Report.  Wlierever  poauble,  the  %ures  are  cal- 
cuiated  from  the  data  on  pp.  117  Md  118  of  the 
Fiftli  Bepoft*  oCherwiae  thft  oaleulatiotia  ai« 


based  on  the  data  in  the  taUea  bebneen-pp.  SQ2 

and  203. 

Tho  rates  of  filtration  given  by  the  Cbm- 
riiission  are  rates  which  can  gt-ncrally  Im-  doulled 
in  wet  weather.  Where  it  is  proposed  to  deal 
with  Are«  timee  the  dry-weather  flow^  the 
Commission  »ay  that  it  would  generally  only  ho 
necessttry  to  provide  IJ  times  tho  capacity  of 
filter  rcquirtnl  for  the  drj'-weathor  flow  (para* 
^rraph  203  of  Report,  209).  Hence  the  rates 
of  iiltration  given  by  the  Commission  must  be 
reduced  by  one-third  to  arrive  at  the  hn<\s  for 
oaloaUting  the  aixe  of  tlie  filters  for  lAree  times 
the  di7*w«ather  flow,  and  this  xednotioo  haa 
heen  made  in  aRiTing  at  the  fignics  in  the  taUes. 


TaiLV  A.— OoHSTiima  job  CALcuLATrKo  the  Mixniuit  CuaiaAL  Cooktbixs  q» 

PxfiOOLAxraa  Filtbbs. 


8tRN«ie«age 

Sewan  of  afeiaie 
Iwmith 

Weiki 

FMIinliiary  tewtiBMit 

Ooaneor 
medium 
malwlal 

Fine  . 
material 

Cioarseor 
nedlttm 
natetfal 

Fine 
material 

Coarse  or 
nMUnm 
material 

Fine 
material 

i  Detritus  taiik-4  .... 
1  Septic  banks  ..... 
1  Setttemont  tanlu  (oontiuuons  flow)  . 
!       ,»          „    (qaiosoent)  . 
,  Precipitation  tanlcs  (oontinuoas  flow) 
1        „           M  (qiDioBoent) 

15 
45 1 
45 1 

60 1 
66 
100 

* 
« 

25 
,  60 
W 

25 
70 
70 
100 
100 
130 

• 
• 

* 

70 
80 
130 

40 
100 
100 
130 
150 
170 

• 

100 
100 
130 
176 
200 

Notes  ns  to  filli  rhi'j  malt  rial,   (a)  A  filter  I  all  cases  where  the  liquid  to  be  treated  contains 
may  be  regarded  as  *  coarse'  if  the  material  will   Toxach  .susiKiulcd  matter, 
not  paw  through  a  Linch  sieve ;  as  •  mediwn.  *  I"  ^^o  cases  marlwd  *.  the  usr^  <  i  fine 

.-.»r.„       7r~     ,     l     uii  u'  material  would  not  be  desirable  unless  the 

If  It  will  pass  thiongh  a  1- inch  but  not  through   eircumstanoes  were  exceptional, 
a  i-mch  Fievp;   and  as  '^ae'  if  it  wiU  pass  ,       jf  .  mtdium  '  sized  mat.  rial  \N.  n  use,]  in  tho 
through  ft  i-mch  sieve.  j  cases  marked  f,  the  %ure8  should  bo  reduced 

(6)  *OwH*  material  will  be  desirablo  in  I  by  about  10.  .   >  :  Li  j  ^  - 

Tablb  B.— GoMSiAiras  von  CausvLkvato  thb  MmmrrM  Citbicsal  Cowtmsrs  or  Coktact  Bkds. 


I 


Prellnlnaty  traatment 


Detritus  tanks  .... 
Septic  tanks  .  .  .  . 
Settkment  tanlcs  (continuous  flow) 

»»  n  (quiescent). 

PteoipitatMni  tanks  (continuous  flow) 
ft  If  (quiesoent) 


Strong  sewage 


Sowiige  of  average 
■trength 


Blngic 

Double 

Trli.Io 

eon- 

con- 

con- 1 

con-  ! 

taet 

tact 

taet 

taet 

26* 

1 

33 

33 

44 

33 

t 



43 

t 

con- 
tact 


25 
38 

38 
50 

r.(» 

06». 


con- 
tact 


t 
t 

t 
+ 

+ 

t 


Weak  sewage 


Single 
contact 


76* 

75* 

100 
133  + 
133  i 


Double  Triple 
con-  1  con- 
tact tset 


38 
061 

66* 
t 
t 
t 


t 
t 

t 

t 
t 
t 


Nc4€8.  (o)/rho  beds  should  not  bo  less 
than  2  ft.  6  ins*,  nor  more  than  6  ft.  in  depth. 

(h)  The  fHfferent  ."eriej.  of  1m  <!8,  in  ilnuMe 
and  triple  eoolucls,  kIiuuIiI  have  equal  eubic 
contents,  failing  any  evidence  to  the  contrary. 

(c)  Where  a  blank  is  left  in  the  tAblex.  the 
particular  treatment  indicated  wouhl  only  be 
(Icsiralilf  in  eveeptional  circumstanceH,  as  the 
method  would  nut  generally  lie  ecunomical. 


dealt  with  in  wet  weather,  the  individual  beds, 
in  the  cases  marked  ^,  should  be  small  (to 
faeilitnte  rapid  filliTii?  ami  emptying)  or  t!ie  tntal 
cubic  con(ents«  of  tliu  liltera  shoulil  be  increascil. 

(/)  The  average  liquid  capacity  o£  a  ouino 
yard  of  contact  bed  is  about  50  gallons.  Thero 
are  no  data  in  tho  Commissioners'  report  vith 
regaril  to  t!ie  ca8e.s  marked  thn-  *. 

In  order  to  ascertain  the  minimum  total 


(d)  In  the  catcs  marked  thus  t.  the  particular  |  cubic  contente  of  tho  filter*  required,  divide  tho 

treatment  iruli'  iterl  wmil,!  only  1)0  neeessarv  in  dry-weather  fl  'W  In  tho  appmprinU  frjurc 
exceptional  cir<:nniNiaiic<'»  (i.e.  when  an  un-  (having  i-egurfl  to  tht  s-lrcagth  of  the  sevvuge  and 
Usually  good  eflflnent  is  required).  i  the  kind  of  treatment  pnjjxoed)  in  the  tables 

(e)  Whore  throo  tiroes  tho  d.w.f.  has  to  bo  \  and  the  roMtlt  will  be  tho  number  of  cubic  yards 
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whioh  the  filters  should  oontain  f  r  irontiiip  up 
to  three  times  the  dry -weather  Jiow,  thus : — 

Smmple  I.  A  'ttrong'  aewmfe  is  to  be 
trcatec!  hy  means  of  ^septic  tanl'^'  and  'perco- 
lating Jiilcr/i,'  of  'coarse  '  niaUrirtl.and  tho  dry- 
wmthsr  tluw  18  90,000  gallt.ii^s.  The  appro- 
priate fipure  in  Table  A  ia  45 — then  90.000 
gallon8-T-45=2C)00  :  the  minimum  total  number 
of  cubic  yard»  which  the  filters  should  contain. 

HxampU  2.  An  *  sversge '  seiTOige  is  to  be 
dealt  Mtiih  by  of  'quieaeefU  mtUemeni 

tanks' a.nd  '  rfo' "  ^  ' .  '  hcil.s,'  iiii.l  the  dry- 
weather  flow  is  oU.lJUl.)  g;»lluii6 — th€  lipprupriatc 
figure  in  Table  B  is  50— then  50,000-}- 50 =1000  : 
the  minimum  total  nunilx  r  of  cul>ic  yards  w  hich 
the  filters  should  contain ;  uud  us  in  mo.Ht  cases 
the  two  scries  of  beds  would  have  the  same  cubic 
contents,  there  would  be  600  cubic  yttds  in  the 

*  primftTy  *  beds  and  an  equal  nmnber  in  the 

*  aecoiulary  '  beds. 

The  definitions  of  the  different  classes  of 
H4!wago  and  filtering  materials  must  be  regafded 
as  being  of  nn  dii^tic  naturo,  and  it  mny  some- 
times Ix-  found  desirable  to  u**  mterniediate 
figures  between  those  given  in  tho  tables  in 
order  to  aaoratain  the  required  cubic  contents 
of  the  filters. 

In  cases  wlifTf  a  sufTIricnt  ami  ^  of  .'Suitable 
land  is  used  for  irrigating  the  tillraie,  it  will 
proliably  sufhee  if  the  total  cubic  contents  of 
tho  filters  is  half  that  provided  for  by  the  tables, 
but  where  the  filter  capacity  is  so  reduced  it 
may  bo  ncces*«ry  in  wet  weather  to  restrict  the 
flow  to  the  filters  to  about  1^  timea  the  drjr< 
weather  flow  and  to  pass  the  remainder  of  tank 
liquor  direct  to  the  land. 

EMuenl  tanks  or  paters.  Where  tho  effluent 
from  niters  is  not  irrigated  on  land,  tanks  (\<ith 
a  capncit V  rqnal  to  ahoiit  two  hours' drv-wcather 
flow  and  with  provision  lor  removing  nludpe)  or 
ahaUow  straining  filtcn»  will  in  most  cas(  s  i>r 
necessary  for  the  purpose  of  preventing  the 
suspended  matters  in  tlie  filtrate  from  passing 
into  the  river. 

Sludge  disposal.  The  disposal  of  the  sludge 
tesulting  from  the  preliminary  treatment  of 
M'wnge  is-  the  nofr  of  tho  svwnur;  problem, 
eKpociaIl\  in  ihv  vhm.'  cj{  large  towns  or  cities  not 
situated  on  or  near  the  sen-board.  For  Hniall 
works  not  situated  in  the  near  vicinity  of 
dwelling-houses,  land  drying  or  lagooning  is, 
as  a  rule,  ad\ i-al-lc  ilii-  ilii>'fl  sliKL-t-  lx>ing  dis- 
posed of  to  farmers  or  by  dicing  it  into  the  soil. 
For  medium  siserl  works,  trenching  in  tlie 
ground  is'  pn  ft  r.ihle.  nn'l  ffir  l^ruc  inl.iriil  works 
with  a  liiiuud  land  area,  iJivliiiiuiary  livatuient 
of  tho  slutlge  by  filter  pressing  is  desirable  before 
disposal  to  farmeia,  or  on  to  land,  or  by  burning 
with  town  refusw.  At  H«rburt;-on-Hlbe  and  at 
Krankfort -on -t he-Main,  plants  for  slu'I-i  (ii\ing 
by  centrifugals  have  been  installed  (EnKiuccriug, 
1909),  the  dried  sludge  at  the  latter  pnoo  being 
fmnuMl  in  a  dextnifrnr  in  r.  iniLi  i  linti  wjtli  the 
town  refuse.  At  Oldham,  JJi.  Uro-sriiau  \\iiH  in 
oouri«e  of  erectjon  a  plant  to  recover  grease  aiul 
inni)ufa<-tun>  a  manure  fnjui  the  sewage  derived 
from  a  jjopulation  of  147.(MM». 

The  prineiple  on  wliich  (Irossman's  process 
is  bnscti  IS  us  follows  :    'I'lic  sludge  is,  in  the  lirst 

•  N  IX.  from  3UU0to30,0U0  gaUOD*  (dry-vraatlier  How  ) 
Iter  acre  iter  twsaty-four  hours  accordJog  to  the  <iualily 
oi  the  laoii. 


instance,  dried  in  a  special  drying  machine  ; 
then  mixed  with  aoid  in  order  to  liberate  tho 
fetty  acida  and  heated  in  a  distilling  retort 

whilst  Bupcrhcnf  1  team  is  i»assed  over  the 
mass.  The  superheated  steam  carries  with  it 
all  tho  fatty  matter  oontaine<l  in  the  sludge, 
and  after  being  condensed  1>\  means  of  C(dd 
water,  the  grease  collect^i  at  lh<'  top.  Tho 
residue  left  in  the  retort  is  automatically  dis- 
chaised  in  the  state  of  a  &ie,  bro^vn,  odoinrleea 
powder  and  possesses  maaurial  properties. 

At  Bradford,  where  the  sewage  contains  a 
consi<lcrabic  quantity  of  wool-aoouring  liquid, 
tho  recovery  of  the  grease  from  the  sewage  lia« 
been  so  far  successful  that  the  return  from  the 
sale  of  the  products  more  than  meets  t  he  %v  <  »rkiu^; 
expenses  of  the  tank  treatment.  The  seuago, 
after  soreenii^,  is  treated  with  sulphurio  acid 
in  such  quantity  that  there  is  an  exoess  equal 
to  m  parts  H,SO,  i)er  100.000.  Tlie  neid 
sewage  is  subsequently  passed  tlirouch  settling 
tanks.  The  sludge  is  removed  horn  ^e  sett  ling 
tanks  iiitii  ejisf-inm  vnts.  where  a  further 
quantity  of  .sulphuric  acitl  is  added,  and  the 
temp<"rature  of  the  sludge  is  raise*!  by  steam  to 
100".  It  is  then  run  into  steel  rams  and  forced 
by  compressed  air  into  filtor  presses  heated  by 
sfeain,  an<l  the  proces.s  of  pressing;  is  continued 
from  12  to  24  hours,  hot  sludge  and  steam  beins 
alternately  admitted  to  the  press.  The  pressed 
liquor,  consisting  of  water  and  fat,  ia  run  into 
special  vessels  for  the  separation  of  the  fat, 
after  which  the  fat  is  boileti  with  acid  and  black 
oxide  of  manganese,  in  order  to  bring  it  into  a 
maricetable  condition. 

Tlie  amount  of  wet  slu(li;e  produced  in  a  year 
i.«*  about  100,000  tons.  It  contauis  about  80'15jp.c. 
of  water,  and  7*43  p.e.  of  grease,  which  is  equiva« 
lent  to  37'7  p.e.  of  urease  tin  the  dry  matter. 

The  amount  of  pressed  cake  producetl  in  a 
year  is  about  20,000  tons.  This  contains  about 
27  p.e.  of  water.  Part  of  the  pressed  cake  ia 
used  for  fuel  and  is  burnt  in  specially  con- 
structed brick  furnaces  ;  thf  fuel  value  is  about 
1«.  6d.  per  ton.  Part  is  sold  to  farmers  at  tkf. 
I>er  ton  on  rail  at  the  worles.  Anothec  portion 
is  disintegratetl  and  sold  as  mamirc  at  5«.  Gd. 
per  ton,  whilst  tis.  'Sd.  ]x>r  ton  is  ubtaincd  for  the 
drie,st  portion  of  the  disintegrated  pressed  cake. 

Tests  for  sevoffe  effimnts  in  relation  to  stan- 
dards. The  Royal  Commission  (8th  report)  re- 
coniineiid  a  normal  standard.  This  standard 
should  apply  to  all  sewage  discharges  into  non- 
tidal  waters,  exoept  wluwe  looal  cironmstaooeB 
are  shown  to  Justify  a  special  standard.  A  nor- 
mal standard  eiUuent  should  not  contain  more 
than  3  parts  of  suspended  matter  per  100,000, 
and  that,  including  its  suspended  matters,  it 
.should  not  take  up  more  than  2  parts  of  dissolvett 
oxygen  per  100.(:(»(»  in  5  days  at  ♦lo"  Fahr. 

A  claim  for  a  relaxed  standard  maj  bo 
ontertmned  under  the  following  ooBditiolla^— 

(a)  When  it  can  ho  .shown  that  the  particular 
rivor  water  is  of  .suish  quahty  and  volume  that, 
when  nixed  with  a  sewage  or  sewage  liquor  of 
known  or  calculated  .strength  and  volume,  it 
does  not  take  up  more  than  0-4  part  per  100,000 
of  diH.'*<dve(l  oxy^'en  in  5  days  ;  and 

(6)  When  there  is  reason  to  suppose,  or  when 
it  can  be  shown  that  tbe  riTor  will  receive  no 
fnrtlu  i  pollntiMii  until  it  has  leeovcred  it.sclf  eo 
tiir  as  nut  to  take  up  in  5  days  au  amount  of 
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dissolved  oxygcii  innch  in  exccas  of  that  which 
it  took  up  before  reooivmg  the  first  disohargo. 

8BWA0B  FATS.  Sewage  water  (waste 
water  from  households,  abattoirs,  ftc.)  contaiiir! 
fatty  matter  in  the  form  of  soap,  uuija|K>niiiL'd 
fst,  fi«e  latty  acids,  and  unaapoaifiablo  luatter. 
As  sewage  crater  is  of  an  extremely  putiescible 
nature,  sanitary  conditions  require  its  imme> 
(liat<'  removal  (from  houses.  Sec.)  and  1k)(}i 
rapid  and  careful  treatm«?tib  at  the  seu-age 
woriBB»  M>  as  to  vender  the  effluent  innoonoas  m 
A  manner  host  adapted  to  local  conditions. 

Up  to  about  a  decade  ago  no  attempt  ikad 
been  made  to  neoT«r  the  fatty  matter.  In  the 
pnoipitation  pvooeeses.  wluoh  are  employed  to 
a  great  extent,  thb  fatty  matter  is  deliberately 
\vaste<l,  antl  one  of  the;  ehief  features  of  the 
biolosioal  ('  digestive  ')  processes  m  to  destroy 
the  nt  aa  completely  as  poasiUe  by  making  it 
serve  08  a  foodstufT  to  the  bacteria  which  digest 
the  fatty  matter  contained  in  raw  aewage. 

Duniig  the  last  diBoade»  however,  eiumvoun 
have  boon  made,  on  a  large  scale,  to  recover  the 
fatty  matter  contained  in  the  sewage.  Most  of 
the  recover V  processes  art?  designed  on  the  lines 
of  the  methods  practised  in  the  wool,  cotton, 
•and  silk  industries  and  especially  in  the  reeovery 
of  wool  gn  asi-  from  wool  scourers*  suds.  (For 
further  detail  of  those  processes,  cp,  Lcwt(o- 
vitsch,  Gbem.  Tech.  iii.  366.) 

The  composition  of  *  sewage  fats  '  must  vary 
with  the  localities  wiience  they  originate. 
Ouini^'  t(*  the  exeeedin<:ly  tavourabie  conditions 
for  the  micio-oigauisms  thriving  in  raw  sowaee, 
the  bulk  of  the  neutral  fat  discharged  into  uie 
sewage  is  hydroh'sed  ;  therefore  '  sewage  fats  ' 
are  characterisetf  by  large  proportions  of  free 
fatty  acids.  The  amount  of  onsaponifiable 
matter  ist  also  considerable.  The  nature  of  the 
unsaponitiable  matter  has  not  yet  been  inv&sti- 
gated.  Probably  it  consists  to  a  lar<^e  extent 
of  oopiosterol,  which  forms  an  important  con* 
fltiCuent  of  ezorementitioua  matter. 

Judeiii^  from  the  conipositiun  of  sewau'e  fats 
it  is  evident  tliat  the  producUs  cannot  j)uy  the 
mcpensea  of  the  prooeaa,  unlet^s,  Indeed,  tlic 
recovery  uf  the  fat  form  an  integral  part  of  the 
seu'Sfre  disposal  process.  J.  L. 

SHALE  OIL  ( .  PAKAFFiir. 

SHANGHAI  OIL.  A  variety  of  colza  oU  v. 

QtU,  "FXXXD,  AND  VATS. 

SHEA  BUTTER  r.  Baswa  oils, 
SHELLAC  V.  Hkhins. 
SIDERITE  V.  Chalvbitk. 
SIEMENS  STEEL  v.  luos. 

SIENNA  V.  J'lOMKNTS. 
SILBEROL  e.  SVNTHETIO  DRCCW. 

SILEX,  SILICA,  V.  SiuooH. 

SILICATE  COLOURS  v.  Patitts  akd  Pro- 

IIBKTS. 

SILICATE  PAINTS  t  .  Paints  akd  Piomknts. 

SILICIOUS  CEMENTS  v.  UsMKsrm 

SILICON.  Syin.  .Si.  At.  wt.  2«-3.  Silicon 
is  not  found  in  t  he  free  titato  iji  nature.  l)Ut  occurs 
abondantly  as  sdica  and  metallic  silicates.  It 
M  known  in  the  following  modifications 

1.  Amorphons  stUeon,  first  obtained  by 
BerzeliuH  (1823)  hy  heating  dry  ])<>ta--iuni  or 
sodium  silico- fluoride  with  an  equal  weight  of 
potassium  or  sodium  respectively. 

By  pas^inc^  the  vapour  of  -iliron  eliloride 
over  potabwium  or  bodiuin,  heated  in  a  jKircelain 


boat,  or  over  htmtod  aluminium  (Hautefouille 
and  Perrey,  Compt.  rend.  100,  1220). 

By  passing  silicon  iluori<le  over  metallic 
sotUum  at  iiH)"  TtOi'*'',  and  heating  the  i)owdere<l 
product  with  sulht'ient  sodium  to  decompose 
any  sodium  silico-lluoride  formed,  and  with 
alumlniom  in  suflScient  quantity  to  form  an 
alloy  of  not  more  than  16  p.c  Bi.  The  rendu? 
after  treating  with  hydrochloric  acid,  Ls  lead 
fia«y  in  colour,  and  contains  3-4  p.o.  of  silica. 
On  extnustinc  with  hydrofluoric  aicid,  brown 
amorphous  silicon  is  obtained  in  a  very  reactive 
form  (Hempel  and  v.  Uaasy,  2!eitech.  anorg. 
Ciieni.  1900,  23,  32). 

By  heating  magnesium  powder  and  silica  in 
the  requisite  proportions  in  presence  of  magnesia 
to  moderate  the  aetion.  The  product  is  heated 
successively  with  dilute  hydrochloric  and  sul- 
phuric acids,  then  treated  two  or  three  times 
alternately  with  hydn»fliiorir»  and  sulphuric 
acids,  aiKl  finally  with  hydrochloric  acid,  'lims 
obtained,  it  is  a  maroon-cokmred  powder,  con> 
taining  only  0-4-1  p.c.  impurity.  Aluminium 
may  be  use<l  instead  of  magnesium  (Vigouroux, 
(ompt.  rend.  iSitf).  12u,  94.  11(31).  If  kiesel- 
guhr  or  jprecipitatod  silica  is  used,  reaction  takes 
place  with  aluminium  in  the  cold  (Weston  and 
Ellis,  Trans.  Faraday  Soo.  1908,  3,  170). 

By  sparking  liquid  wlicoii  hytlride  (Moi^n 
anri  Smiles.  Compt.  rend.  1902,  134,  1552). 

By  electrolysis  of  a  fused  mixture  of  potaa- 
slum  fluoride  and  silicofluoride. 

For  other  electrolytic  methods,  v.  Gore 
I  (Chem.  Ne\va,  60,  113),  Warren  {ibid,  67,  64), 
I  Hampo  (Chem.  Zeit.  12,  841). 

It  is  a  brown  or  maroon -coloured  powder, 
sp.gr.  2-36  at  15** ;  readily  fuses  and  volatdises 
]  in  the  electric  funtaoe,  di-ssolvw  in  many 
molten  metals,  readily  absorbs  gases  and  water 
vapour,  wluch  can  We  expelled  at  red  heat ; 
not  attacke<l  by  iodine,  lombines  with  bromine 
at  600%  chlorine  at  460°,  and  with  fluorine  at 
ordinary  tempMaturea  with  incandesoenoe ; 
oxidises  superficially  in  air,  bums  in  oxygen  at 
40U°,  combines  with  nitrogen  at  1000°,  and 
liecomes  incandescent  in  sulphur  vaixxir  at 
000°;  halogen  acids  attaek  it  at  dull  n-d  heat, 
but  concentrated  hydrolluoric  acid  at.  lUU"  has 
no  action ;  reduces  carbon  dioxide  to  carbon 
monoxide  at  (Vigouroux,  Compt.  rend, 

120.  367). 

It  is  attacked  tiy  liot  xrater  in  glass  vessels, 
which  cxplauus  tlie  poor  yield  with  many 
workers,  and  when  heated  with  hydrofluorio 
acid  luronies  much  mon*  reactive,  being 
violently  attacked  by  coneenirate<i  nitric  acid 
(VVillw,  Ddtfart  Fcstscfaiift  Otto  WftUaeh,  1909, 
671). 

It  reduces  many  metallie  fluorides  and  oxidea 

b(  low  nxl  heat.    As  pn'pared  by  sparkiiiL'  silicon 
hydride  it  is  capable  of  reducing  salts  ui  solution. 

2.  GimphltOMlal  stUeon.  By  strongly  heating 
amorphous  .silicon  in  a  platinum  crucible  (H(  rze- 
liu>).  JJy  ek'Ctroly.'<i.s  i  l  M.dium  aluminium 
chlotidr  and  extractiun  uith  hydrooUoric  acid 
(Devtlle).  By  strongly  heating  a  mixture  of 
aluminium  with  20  to  40  times  its  weight  of 
potas.-iuiM  mIu. .fiuoride ;  after  fsucctv^^ixe  treat- 
ment of  the  product  with  hydrochloric  and  hydro- 
fluoric acids,  graphitoidal  silicon  remains  in  the 
form  of  hexagonal  tables  with  OUTVCd  edges 
(Wohlcr,  Compt.  rend.  42,  48). 
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By  fusing  the  product  obtained  on  lu  iitiiiL; 
a  niixluro  of  finely  powdered  Band  uiid  mag- 
nesiutn  in  a  tt'^t-tube,  with  alurainiuro  and 
orj^lite.  On  front  triint  with  water  and  moidii, 
liGuk  gliBUming  npaugles  of  graphitojdal  silioon 
remain  (Hyde,  J.  Amer.  Qiem.  fioo.  1899,  21, 

AIbo  by  fusing  aluminium  (1  i>art)with  glass 
frco  fiTini  lead  (5  parts)  and  cryolit<'  (10  jmrts), 
and  treating  successively  with  hydrochloric  and 
hydnilhloric  acids ;  sp.gr.  2-49.  Unaltered  in 
oxygon  at  vhite  heat,  but  bums  hrilliantlv  wken 
heated  to  rednesfli  with  potaashim  oarbonate, 
ahhnugh  indy  at  white  litat  with  the  chlorate 
or  nitrate.  Uuattacked  by  acids,  except  by  a 
jnixtnre  of  nitiio  and  hydxofluorio  acids.  Solu ble 
in  strong  potnf-h  or  snnti  ;  rombincs  wifli  rhl<>r- 
ine  at  ted  heat,  and  with  lluorine  at  the  ordinary 
tempentiue.  It  nduoca  niMiy  metallie  oxides, 
in  some  caks  witli  (>Tplo8ive  viokooe  (Wancen, 
Clieni.  News.  ft4.  T.")). 

3.  Crystalline  or  adamantine  silicon  ih  ol> 
tained  aooonling  to  Deville  ou  heating  amor- 
phoiu  aiUoon  in  a  platinum  eraoible  lined  with 
firnc  to  )i  temperature  between  the  melting- 
points  of  steel  and  cast-iron,  in  dark,  steely 
grsy  gtobalra,  sometimes  yielding  iluu)>le  six- 
aided  pyramids  (Ann.  Chim.  Phys.  [3]  49,  68). 

When  silicon  chloritle  vapour  is  passed  over 
aluminium  fusetl  in  tui  atiiiusjiherc  of  hydrogen, 
a  portion  ol  the  aluminium  is  yolatUiaed  a» 
ohloride,  and  tbe  remainder  befmnus  saturated 
with  silicon.  At  tlie  ptiint  of  saturation  the 
excess  ot  sUicon  t^eparatesi  iu  large  needles  of 
dark  iron-grey  colour,  reddish  by  reflected  light, 
and  iridescent.  The  form  is  derived  from  a 
rhombic  octahedron,  and  the  crystaht  often 
exhibit  curved  Amnm.  They  am  capable  of 
catting  glass. 

By  beating  to  redness  in  a  clay  crucible,  a 
iiiixfurc  of  potassium  sHico-fluoride  (3  i>artH), 
sodium  (I  part),  and  zinc  (4  parts).  The  zinc  is 
removed  by  fusing  and  then  by  successive 
treatment  with  hydrochlgric  and  boiling  nitric 
acids,  leaving  the  crystalline  silicon  in  long 
needles  (Devillc  and  Oaron,  Ann.  Chim.  Phys. 
i  3J  63p  26 ;  ibid,  m  67.  Ul ;  Bobins,  Chem. 
News,  6, 102) :  V.  also  BUme  (B.  R.  P.  147871) ; 
Hollciiiatm  (Proc.  K.  Akad.  Wetensoh.  Amster- 
dam, 1904,  7,  189). 

It  is  most  conveniently  obtained  by  the 
action  of  aluminium  n}>oii  pot-n«*?ium  silico- 
fluoride.  Tho  product,  punlitd  ui  tlic  usual 
way.  utill  contains  traces  of  iron,  anfl  Vigouroux 
(Bull.  8oc.  chim.  1907,  [iv.]  I,  16)  has  obtained 
H  in  a  pure  condition  by  digesting  for  some  time 
with  diluted  !i  \  drMfluoric  acid  (1:1  i  in  a  innm 
vessel,  and  then  with  concent raie<l  sulphuric 
aeid,  those  processes  being  repeated  until  no 
residue  is  left  on  evn|>oration  vnHk  a  uiztttCO  of 
nitric  and  hydn)fluorio  acids. 

It  is  less  r«-active  than  amorphous  silicon, 
altlwugh  by  rapidly  beating  in  oxygen  it  may  be 
made  to  tsJce  fire  at  400*.  It  is  also  attaoked, 
if  linely  divided,  by  Iniiling  water,  but  not  in 
fused  quartz  or  platinum  vesscU  (Moissan  and 
Siemens,  Oompt.  rend.  1904,  138,  939). 

A  WW  mofiifiralion  is  dcscrilx.-d  by  Moi.tsan 
and  Siemens  {ibid.  ll)(>4,  13S,  1299).  It  is  ob- 
taincd  mixed  with  the  ordinary  crystallino  form 
from  a  solution  of  silicon  in  molten  silver,  in 
whioh  it  is  very  soluble  {41>66  p.c.  at  1470°, 


9-22  p.c.  at  970°).  Yi'  1<1  is  D9  p.r.  from  a  2  p.c. 
solution,  decreaKuia  wUh  uicrca.^m;^  amounl^  of 
silicon.  It  is  readily  attacked  by  hvdrofluorio 
acid,  thus  diilerinff  from  other  mo(lificatiou.<i : 
8p.gr.  2'42,  V.  also  Warren  (Chem.  Neura,  67,  136). 

Silicon  as  .such  \\as  received  no  im]K>rtant 
commercial  application,  but  Le  Roy  (Compt. 
rend.  1898, 126,  244)  recommends  it  foreleotoioal 
heating  in  plnrp  nf  metallic  and  carlicin  rcHs-t- 
ances.  A  rod,  lU  cms.  long  and  40  sq.  mm. 
cross  section,  has  a  resistance  of  2(M)  ohms*  that 
of  a  similar  carbon  rod  being  0*15  ohms. 

Silicon  steel  v.  Ibov. 

Fur  the  spectra  of  silioon  and  its  com- 

eiuuds,  V.  Wesendouck  (VViod.  Ami.  21,  427); 
artley  (Chem.  Soo.  IVans,  1883,  397;  Ftoe. 

Rny.  S  -c.  IWl.  fiS,  100);  Lunt  {ibid.  1900,  66, 
44> ;  I/)ckvtT  {ibid.  IS'J'J,  Go.  44U) ;  Pollock  and 
Leonanl  (Sci.  Proc.  Roy.  Dubl.  Soc.  1907,  [ii.]  17. 
217);  Dufour  (Compt.  rend.  1908,  146,810):  De 
Oramont  and  do  Watteville(f6id.  1908,  147.239). 

The  n  fractioTi  c(juivalcut  of  silicon  is  7*4 
(Gladstone,  Chem.  &>o.  Trao^.  1891.  299). 

IVnr  its  refra<Aion  and  dispersion  in  eom> 
bination,  v.  Abati  (Hazz.  chim.  ital.  1897,  27, 
ii.  437).  Sp.ht.  136  at  -Sy-S";  2-029  at 
232-4*  (Weber,  Ann.  Chim.  Phys.  [S\  viii.  132). 
Morphotropic  relations  between  carbon  and 
silicon  compounds  (r.  Jerusalem,  Clicm.  Soc. 
Trans.  I'.Uu.  2VM)). 

Ei^inuUion  v.  AXALY6JM, 

BOIea,  «tf«cle  onAyilHtfe,  SiOj,  ooonrs  abon- 
dandy  in  nature,  in  pure  <ir  nearly  pure  con- 
dition, tbe  cr^-stalline  varieties  including  quartz, 
cbaloedony,  homstone,  jasper,  tridymite,  quart - 
zino  and  lutccit<'.  while  in  the  amorphous  state 
it  is  found  ai  tho  various  forms  of  opaL  In 
impure  condition  it  occurs  an  sand  and  flint, 
and  it  enters  largely  into  the  constitutioa  of 
sandstones,  felspars,  and  many  other  roeks. 

Silica  may  bo  artificially  ])n  ])arcd 

1.  By  burning  silioon  in  air  or  oxygen. 

2.  By  the  action  of  water  upon  tne  tetra- 
halnlcs  of  silicon,  the  gelatinous  hydrate  oh 
liiuictl  yielding  silica  on  ignition  us  u  very  light, 
whit<i  powder. 

3.  By  tbe  decomposition  of  silicates. 
Many  of  these  are  decomposed  by  aeids, 

and  the  silica  po  olitaincd  from  thctn  often 
resembles  the  mineral  liora  which  it  is  denvtHl. 
Chrysolite  on  bt»iling  with  dilute  acids  yields 
silica  \vhi<  h  is  briUiantly  wliitr  au'l  filirous  like 
tho  niiiicral.  Even  ai'ur  heating  to  rcdiicsd  it 
still  retains  the  flexibility  of  silk.  SeriJentines 
and  magnesian  silicates  generally,  yield  iibioua 
and  not  gefotinons  silica  (Terreil,  Oompt.  rend. 
100,  2.")1  :  i:  al-o  Cur;ccu,  ihid.  98,  ICSl). 
Silicates  which  are  not  attacked  by  acids  may 
be  decomposed  by  fusion  with  sodium  and 
pritaKsiuTH  cnrKinntes.  tli(>  -ilica  being  rendennl 
insoluljlu  by  sub&ctiut'ut  ovajxjration  with 
hjrdrochloric  ocid. 

Properties,  The  physical  propertioa  of 
natural  silica  vary  somewnat  with  the  diffcrsnt 
forms.  Ovstallino  varieties  have  sp.gr.  2-.V 
2-8  (quartz  =  2  t)4-2-67  ;  tridymite  2-2S-2-43) 
and  amorphous  forms  1-9-2-3  (quartz  glass, 
2-213  ;  Day  and  Shepherd,  J.  Amer.  Cli'  ni.  Soc. 
1006,  28,  i089).  Other  nhysicai  constanUs  for 
the  natxual  varieties  nil!  bo  found  under  the 
various  minerals. 

In  proaence  of  fused  chlorides,  quarts  gUas 
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crystallises  a«  qnartz  bolow  TOO*,  and  as  tridy-  j 
mite  above  800°,  wUtla  at  the  lower  ttimperaturu 
tridymito  changes  to  quartz,  the  change  being 
eoAQtiomonihic  (D»y  and  Shephecd,  ko.\.  The 
cryiitaUine  forms  can  also  be  obtained  arkifioially 
from  solution  {tlirustsi  hoff.  Jahrb.  Min.  1887. 
1  Mem.  205 ;  Konigabcrger  antl  Mulkr,  Ccutr.  , 
Min.  1906,  657,  72Sj.  I 

Amoiphous  ."ilifT  prepared  by  fusion  in  iho 
oloctrio  mmacD  iins  a  iiinan  cocflBcifiit  of  ex- 
pansion of  O-0Q00OO7  betwc(  II  U°  and  1(K)0"  (Le 
ChateUer,  Compt.  mid.  1»U0, 130, 1703). 

Its  m.p.  is  about  1600*.  Tt  can  be  quickly 
vtilatillacd  in  an  electric  arc  of  300  ampdrcs  and 
70  volttt,  and  in  this  wav  may  bo  separated 
lin>Bi  Birw»ia  or  tlioria  (HmsBan,  Compt.  rend. 
116,  142S ;  V.  &hn  (Yamrr,  Zcit«cb.  angow. 
Chem.  XHd'Z,  464  ;  ScliiilztJuberger,  Compt.  rend. 
116,  1230). 

Silica  is  a  oatalyst  of  alcohols  (Scnderen«, 
Compt.  rend.  1908,  146,  126).  With  the  roode- 
ratvly  c«kint'<l  Hulwtancf,  i-thylcncs  arc  obtained 
almost  exoluaivehr*  the  yield  from  ethyl  alcohol 
«t  280*  bdag  99-6  p.o. 

Heat  of  formation  1 90-986  oal.  (Hiarter,  Anwr. 
J.  Sci,  1907,  [iv.J  24,  130). 

For  orystallography  of  polymorphous  forms 
of  silica,  «ee  Barlow  and  Pope  (Chem.  Soc.  Trans. 
1908,  1654).  Silica  is  insoluble  in  microcosmic 
Halt.  It  \h  iriHoluhlc  ia  all  aoids  except  hydro- 
flooiio  aoid  whiok  decompoMa  iU  forming  water 
•ad  tilioon  flnorida.  It  diaolvM  fairly  readily 
in  caustro  soda,  hyalite  dissolving  more  slowly 
than  the  other  varieties ;  quartz  requires  i 
boilinj^  or  iDoreased  pressure.  Amorphous  I 
silica  in  fine  powder  and  gelatinous  silica  dis-  | 
solve  partially  in  alkali  carbonate  solutions,  the 
silica  being  <lep(Mit<Hl  in  >/i'lalinous  form  on 
oooling.  It  ia  readiljr  oonTcrted  into  alkali 
rilioate  by  foaion  trriih  alkali  hydroxide  or 
carbonate.  It  is  insoluble  in  •\N'ater,  hut  is 
distinctly  hygroscopic,  thia  property  decreasing 
with  the  dt'.rno  o!  oakinatioit  {Bouehy*  Bull. 
Soc.  chiui.  [2]  13,  fiOO). 

With  PCI,  and  I'd,  at  red  heat,  SiCl,  is 
produced,  as  is  the  case  when  chlorine  is  passed 
over  a  miitiue  of  the  ojdde  with  charcoal  at 
red  heat.   It  is  not  affeoted,  however,  by  (  (M,. 

It  iH  rcihiRed  by  metals  (v.  Silicon,  Pn.jxtra- 
Hon  oj ),  and  by  carbon  in  the  electric  turaacc 
(Moieeaa,  Oompt.  rend.  1895,  120,  1393).  For 
its  action  tipon  alkaline  haloid  aaltSt  «i  Qorgeu, 
(Oompt.  rend.  lU2.  IHU). 

It  graduallv  absorbs  lime  from  lime-water, 
limning  3SiOa'4CaO  (Laudiin,  ibid.  96,  841). 
It  is  dissolved  in  small  quantities  by  ammonia 
(Sourhay.  Zeitseh.  anal.  Chem.  1872,  182).  Its 
use  has  been  advocated  for  decolourising  oils 
(Stem,  Wanaw,  Eng.  Pat.  1890,  7142).  While 
not  an  essential  constituent  of  plant  food  it 
plavH  a  definite  part  in  the  nutrition  of  oercais 
(iiall  and  Hbriaon,  Eroo.  Boy.  Soo.  1900, 77  B, 
i65). 

Fused  silica- ware  is  now  extensively  em- 

ploj'ed  in  laljoratory  and  teclmulogieiil  o|H!ra- 
tiona.  The  first  attempts  to  utiliHe  silica  in 
(hie  way  were  made  by  Gaudin  in  1839  (Compt. 

rend.  8,  C7S,  711).  who  succee<l(Hl  in  spinniiKjr 
threudii  uf  fu^ed  biiiUii  by  hand,  and  alr^u  uiade 
Hmall  pellets  which  he  found  to  be  inatitivo  to 
polarised  light.  The  production  of  capillary 
tubes  and  spirals  was  described  by  Gautier  in 


1869  and  exhibited  at  tlu?  Paris  Exhibition 
in  1878.  In  1887,  lioys  (Phil.  Mag.  1887,  489) 
produced  quartz  fibres,  the  torsion  of  which  he 
applied  to  the  meaaurement  of  small  foroea; 
he  al.w  produced  flmall  tubes  and  bulbs.  In 
1901,  Shenstone  (I'roe.  Hoy.  Inst.  VMX,  525) 
demonstrated  a  method  of  producing  before  the 
oxy-eoalgaa  Uowpi]^  flame,  tubes,  bulbs,  and 
other  appaicatm  suitable  for  use  in  soientifio 
work. 

Fhyaical  proptrties.  8p.gr.  2*21  {v.  Day  and 
Shepherd,  I.e.).  Co«ificient  of  expansion  44-9 
xlO  «  (Minchin,  Phy».  Review,  HK)7  ;  v.  al«i 
Le  Chatelier,  Ic. ;  Kiiye.  Phil.  .Ma-;.  1910.  20, 
718).  It  e3q;wad8  on  oooliuu  from  1500^  to 
1200*  (Le  C&telier.  (,«.).  R&aollve  index  for 
D  line  1-4684772  (Sheostone  and  Giifoid,  Ikoo. 
Roy.  Soc.  1904,  201). 

Its  m.p.  is  not  well  defined  ;  at  the  m.p.  of 
platinum  it  is  appreciably  soft,  but  not  workable. 
It  probably  commences  to  soften  at  about  1500°. 
It  vaptjviris^es  freely  in  the  electric  arc,  but  at  it.s 
b.p.  is  still  a  veiy  viscous  liquid,  nor  does  its 
fluidity  increase  on  raising  the  o.p.  by  increas^ing 
the  press\ire. 

lu  consequence  of  \\m  low  cxjefiicient  of 
expansion  it  possesses  to  a  remarkable  degree 
the  power  of  re.si.stinp  sudden  changes  of  tem- 
perature. Boys  hati  bhovvn  it  to  be  an  excellent 
insulator,  even  in  an  atmoBphera  eatuiated  with 
moisture. 

It  is  permeaUe  to  saaea  at  high  teropenatuvea 
(Villanl,  Compt.  rend.  130,  1702;  Becthelot, 

tbid.  \¥),  821). 

Fhysigal  FsorsBXiBS  OF  Quartz  1<'ib&s8. 

Disin.  of  ttuead  0-00176  en.;  teaadty  8-oxlO*  0.0.8. 
„      o-ooota  „       „    ii  r)xi9»  „ 

Young's  modulo*  at  20°0.  „      5-6xl0»  „ 

ModnliuofsiiniiiertokUtaratSaU,,    2-35  xio"  „ 
fncogipranllillltr  „    „      14x10*  „ 

„       tnr«ion  „     „       3-7x10^  „ 

(ThrelfttU,  ijik)ratory  Axi&,  218). 

Chemical  properties.  fSised  silica  is  veiy 
resistant,  being  attacked  only  by  fused  alkalis, 
hydrofluoric  acid,  and  to  a  small  extent  by 
phosphoric  acid.  Kwn  with  hydnjlhioric  aciii 
no  etching  is  produced  if  the  silica  bo  pure,  the 
material  cussolving  away  so  as  to  leave  a  smooth 
surface.  Certain  metallic  oxides,  such  as  thn«e 
of  lead  and  copper  attack  silica  if  heated  in 
contact  with  it. 

Fii-sed  silica,  on  account  of  its  slow  dc- 
vitntitatiou  which  commences  at  1200*,  should 
not  bo  used  for  continuous  work  at  higher 
temperatures,  though  quite  satiafactoiy  for 
intermittent  woik,  t.e.  nyrometrio  measnrements. 
It  is  used  as  a  standaru  of  length  at  the  National 
Physical  Laboratoiy  (Kaye,  Proc.  Roy.  Si»c. 
1911.  A.  85,  430)  and  in  nereorial thermometry. 
Silica  linds  further  commercial  application  in 
liie  niHiiulacturu  uf  artilicial  atone  and  hydraulic 
oemmitH.  Kieselguhr  is  employed  in  making 
dynamite,  ttltramaiine,  water-glass  enamels  and 
glazes,  alao  as  a  polishing  agent,  a  tilling  material 
lor  paper,  sf)ap,  and  other  articles,  and  as  a 
I  medium  in  the  filtration  of  water  (v.  Nordtmcyer, 
C1iem.  Zentr.  1891,  932). 

Silicon  monoxide  SiO  is  described  by  Potter 
(D.  R.  P.  189833)  as  a  voluminous  bniwn  powder 
obtained  by  heating  silica  electrically  in  an 
inert  atmosphere  with  sufiiciiait  carbon  or  carbon 
'  ailioida  to  remove  one  half  of  the  oxygen ; 
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sp.gr.  Muoh  less  readily  soluble  in  hydro* 

fraorie  aeid  thui  mlica  but  more  readily  soluble 
in  potasaiuin  hy<lro.\idt'.  It  is  putented  as  a 
pigment  under  the  iiatuc  of  *  muuox  '  lEag.  FftU 
1S?7».  1908). 

Silicic  acids.  Four  ailicie  MidB  ue 
usually  stated  to  exist,  vir..  : 

Orthosilicic  acid,  H4Si04 
Mctaailicic  acid,  H^^SiO., 
Polysilioio  acid,  H  «Si  ,6, 
Disilido  aeid,      H  ,81  jO,. 

Fbiyailicic  acid  may  Ijc  re^ardetl  as  composed  of 
mvta.silicic  iind  dlsilicio  acids :  Uj|St20|4-Hi8iOt 
=H48ijOs  ((.irothj. 

On  the  other  hand,  onhosilicic  acid  and 
polyailioic  acida  may  combine  together  to  form 
nwtairilidc  a«id !  H«Si0.4-H,SisO,=4H^iO, ; 
an<I  di-^ilicic  acid  may  Ix-  regarded  as  polysilicic 
acid  from  which  orthosilicic  acid  has  be«a  ab* 
8tract«d:  3H«Si,0,-H48iO«»4H^,Os(Beelwr, 
Am.  8.  38,  154). 

Considerable  difference  of  opinion  still  uxiiits 
as  to  the  actual  existence  of  definite  hydrates 
of  silica.  Chatelier  (Uompt.  rend.  1908,  147,  I 
660)  holding  that  the  water  is  not  chemically  ! 
c<jnibiiu'<l.  The  exislfncc  of  im  Ui.HUicic  ncid 
11,810.  would,  however,  appear  to  be  proved. 
Aoeonunfp  to  Btttmeaau  (Ann.  Soi.  Univ. 
Jassy,  ]1K)1,  1.  310)  it  is  obtained  as  a  white 
{X)\vder  by  dehydrating  gelatinous  silicic  acid, 
prepared  by  adding  mineral  acid  to  an  alkali 
ailioate  aolutkm,  with  90  p.c.  alcohol. 

Orthosiiieie  aeid  H^SiO^  is  said  to  be  ob- 
tained by  wa.sliiiig  the  pri-t'ij>ilatt'd  silicic  acid 
prepared  by  the  action  of  silicon  huoride  upon 
water,  with  bensene  or  ether,  and  rapidly  drying 
hctwoen  bibnlntis  paper  (Norton  and  Roth,  J. 
Ainer.  Chem.  8oc.  1897,  19,  632)  and  also  by  the 
action  of  ailieon  chloride  upon  a\  at«-r  (Tsehennak^ 
Zeitsch.  anorg.  Chem.  1909,  63,  230). 

Tschermak,  in  the  course  of  his  work  upon 
the  conntitution  of  silicates,  claims  to  have 

£ roved  the  ezistenoe  of  other  hydratea,  by  the 
reain  in  the  dehydration  ourvee  of  the  gcla 
obtained  by  d(<ompo8ing  the  silicjitcs  \nth 
li3'<lro(ihloric  aiul.  His  conclusions  are  based  i 
on  the  assumption  tiiat  the  acid  set  free  is  the  : 
acid  from  which  the  salt  is  formed,  and  that  the 
process  of  drying  takes  ))lace  in  two  distinct 
Htagcs— evaporation  of  excess  of  water,  followed 
by  dehydration  of  the  aeid  (Oentr.  Min.  1908, 
129,  225 ;  Zeiteoh.  anorr.  Oiem.  1910,  66,  199). 
1'hc  nu  t  hod  is  adversely  criticised  bv  Mii;_'gc 
(Ujatr.  Mm.  1908,  129,  325),  Van  liemmuleii 
(Zeitsch.  anorg.  Chem.  1908,  69,  22r» ;  1909,  62, 
1)  and  S-Tra  (Atti.  R.Accad.  Lineei,  1910,  [v.] 
19,  1,  2U2).  Tile  lasi-uamed  i'md.<  llial  the 
temperature  and  concentration  of  the  hydro- 
ohlorio  acid,  and  the  temperature  at  which  the 
silicio  aeid  is  dried,  influence  the  reeult. 

The  various  hvdrates  desi  ribed  by  Merz  ' 
(J.  or.  Chem.  99,  177),  Gottlieb  (ibid.  [2]  6,  185), 
and  Langlois  (Chem.  Soc  Tnm.  18.58,  140)  art^ ' 
proltablv  not  definite  compounda  (OuneUy  and  I 
VValker.'  ibid.  1888.  1,  66,  80).  ' 

(Jelatinous  silica  (hydrogcl  form)  is  also  ; 
obtained  by  the  action  upon  alkali  idlioate  i 
aolutionB  of  oxalic  {Monier,  Cbmpt.  rend.  86, 1 
I'MX).  Milpbuniu.  (Ilov.  ri.  J.  pr.  Cbein.  42.  lOtj, 
carliouic,  and  b«jru'  ueids  (Vogel,  Jahresber.  1870,  • 
296),  and  the  physical  ptoperties  vary  with  | 


the  conditiona  of  precipitation,  particularly  its 
solubility  in  water.  According  to  Jordis 
(Zeitach.  Elcctrochein.  IWo.  11,  835;  (3iem. 
Zentr.  1907, 1, 392),  the  hydrugd  pioduoed  with 
sodium  silicate  and  hydrochloric  aeid  may  he 
soaked  in  \ratrr  mitil  HnaHy  neither  hydrogel 
nor  wai^luugs  give  a  reactK?n  for  chlorine.  If 
then  extn^ked  with  hot  water  the  washinga 
again  give  a  strong  reaction  for  chlorine.  Sodium 
is  also  present,  and  Jordis  considers  that  th^ 
elements  are  not  jmaaat  in  the  fona  of  aodinm 
chloride. 

For  the  ultnuoioRMOopic  atn^  of  dlicic  gels, 
V,  Zs^mondv  (Zeitach.  aooig.  Cbem.  1911»  71. 

356). 

Silicic  acid  is  a  vary  weak  acid.  In  its 
colloidal  form  it  may  be  detected  by  its  solu- 
bility in  boiling  alkali  paratungstatc'  solutions, 
forming  silieo-tunj^.states.  The  potas-sium  salt 
in  presence  of  sodium  oliloride  gives  a  crystalline 
precipitate  with  6  p.e.  ciBriam  chloride  aohition 
(Ilernmnn,  Zeitech.  anal.  Chem.  1907,  4»i,  'Msj. 
iiilica  jelly  is  an  excellent  ciUture  medium  for 
micro-organisms  (Kiihne,  Zeitach.  Biol.  27,  172). 
It  also  finds  application  in  sugar  refining 
(Vibrans,  Chem.  Zeit.  1880,  426). 

Solnbli'  silicic  (icid  (hy<iro.sol)  was  the  subject 
of  extensive  reseajrohes  by  Graham,  upon  the 
reaolta  of  whieh  he  laid  the  fbumdauona  of 
colloid  chemistry.  If  a  dilute  solution  of  an 
alkali  siiicat*;  ba  poured  mto  largo  exeef>s  of 
hydrochloric  acid,  the  silicic  acia  remains  in 
solution,  and  may  bo  purified  l)y  dialysis  by 
means  of  parchment  paper,  and  conceutraied 
by  ev'a{K>ration  to  a  silicic  acid  content  of 
18  p.0.  The  solution  ia  taatelees  and  limpid, 
with  a  slightly  acid  reaction,  and  readily 
eoapnlatrs.  Hydrochloric  acid  and  small  quan- 
titles  of  potash  or  soda  retard  the  coagulation. 
Evaporated  at  IS**  in  vacuS  the  silica  remaina 
as  a  tran«iparent  glassy,  lustrous  hydrate  con- 
tauiing  22  p.c.  of  water  (Chem.  Soc.  Trans. 
1861,  204  ;  v.  also  Church,  J.  pr.  Chem.  89, 187  ; 
Doveri,  Le. ;  Kiihn,  J.  pr.  Chem.  59,  1). 

It  may  also  be  obbiined  by  hydrul>'sis  of 
methyl  silicate  (8  ;;rms.)  with  water  {2iMj  grms.) 
at  boiling  temperature,  and  evaporating  to 
two-thirds  its  bulk  to  expel  methyl  alcohol,  tho 
solution  so  obtained  containing  2-2()  ]i.e.  of 
hsiOj,  and  diilcriug  from  Graliaiu's  solution  m 
that  it  is  not  coagulate<l  by  carbon  dioxida 
(Grimaux,  Ooropt.  rend.  1434). 

The  ooagulating  effect  of  electrolytes  haa 
Inen  studied  by  Pappada  and  Sadowski  (Zcitsch. 
Chem.  Ind.  Kolloide,  l^lU,  «i,  292),  who  find  the 
effects  of  different  ions  to  l)e  approximately 
proportiotial  to  their  rati's  of  diflusion. 

liialyt^tid  biUciu  acid  containing  the  least 
trace  of  hydrochloric  acid,  givea  no  Ituninona 
beam  when  optical^  examined,  even  on  eva- 
IKiration,  showing  that  Ae  moleontar  aggregates 
are  not  sutliciiiitly  large  to  scatter  light.  If 
oumplutely  dialysed,  the  gradual  condensation 
is  indicated  by  a  feebly  Inndnona  beam,  slowly 
increasing  in  intenFit  v  iTiotOaand  Ljnder,Gbenk 
Soc.  Trans.  1892,  ij'i). 

Mylius  and  Groschuff  (Ber.  1906,  39,  116) 
find  the  molecular  weight  of  soluble  silica  when 
ftrshly  prepared  (o  silicic  acid)  to  be  about  156. 
Tt  IS  not  precipitated  l>y  i^g-albumen,  methy- 
lene blue,  or  sodium  hydroxide,  but  slowly 
changes— rapidly  on  warming — to  the  ^•ailicio 
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ftdd,  which  is  aho  flolabI«,  bat  is  preoipiUted 

hv  thrw  substances,  anfl  nccnnling  to 
Sal.iiiRN  lI  (J,  Kuss.  Phys.  (  hem.  S-.c.  515) 
ha.>*  a  moli'oular  weight  of  nm  less  tl\an  48,(KX). 
Heat  of  coagulatkm  +11'8  cal.  (Wiotlermann 
and  Ludeking.  Ann.  Chini.  Phys.  [2]  25,  145). 

Alkiis<.>l  and  alkogel,  and  com'.s|i<>n<linr^ 
glycerol  compounds  with  silicic  acid,  aru  aim 
Beseribed  b^  Giaham  (J.  pr.  Ghem.  94,  347). 

VMcts  cnrr.'S]-Kinflinn;  to  the  AOtds,  Uj^O^ 
and  H4t>i04,  aru  al«u  known. 

nikMUteie  acid  is  only  knou-n  in  the  form  of 
its  Hodium  .salt,  which  is  obtainetl  by  fusing 
together  pure  sodium  sulphide  and  Hilicon 
diMulphide.  NafSii^s  is  a  browuish-bliK  k  mnm 
deoomposed  by  water  and  acids  (Ucmpel  and 
Bmay,  Zsitseh.  moorg.  Chem.  190O,  28,  32). 

Complex  Acids  cojjtaisiko  Siuooj*. 
Th«  chief  of  these  are  aUiohtlaniue^  ailieo- 

tUnnic  (Bourgeois,  Oompt.  n'n'l.  104,  231),  .silicu- 
zirconic  (Ouvrard,  ibid.  113,  82),  ailico-imdyhdic 
(Asch,  Zeitseh.  anmg.  Ghera.  1001,  28.  273; 
Oopaux.  Ann.  C^iim.  Phv?;.  l!K)fi.  [viii.l  7.  US; 
Bull.  Soc.  franc.  Mia.  1907,  30,  292),  uUro- 
ailicic  (Rtiusweau  and  Tite,  Oompt.  rend.  114, 
294),  and  Kilico-tHngstic  (Copaux,  Bull.  Soc. 
chim.  190S,  [iv.]  3.  101).  Sodium  silioo-tungstato 
irt  a  ;^'<M)(1  iiutrilant  fur  basic  aiiilim-  lolourv 
(Scbeurer,  l^eipziger  Farber-  und  Lcngdr.  Zcii. 
IflOO.  49,  [U]  60).  The  free  acid  or  its  sodium 
salt  in  r>  p.c.  solution  is  said  to  Ik*  the  tx-Ht  <ronerBl 
preciptlant  for  alkaloids,  forming  precipitates 
which  are  practically  insoluble  in  cold  waler, 
and  from  which  the  alkaloid  is  at  once  rc- 
generate*]  hv  flilnte  soda  or  ammonia  (Bertrand, 
ComiH, ,  l  i-M  ■■,  12S.  742). 

SUieo  oxaUc  acid  (HOOSi-SiO  OH)^  is  a 
white  solid  obtained  by  exposing  pure  Si«Cl«  in 
8  pintiniiiii  ili^li  roolftl  iti  i<  e,  till  sfjiid,  and  then 
over  lim«*  until  ail  hydrochloric  acid  in  removed. 
Wben  heated  in  a  tc8t-tubo  it  decomposes 
violently  with  feeble  detonation,  and  also 
explodes  with  friction.  With  jMitassium 
hydroxide  hydrogen  is  evolvtnl 

H,S'»044-4K0H=2K,SiO3+2H,O+H,. 
It  nHluc«\s  KMnO^  in  the  cold  (Friedel  and 
Ladenburg,  Annalen,  203,  250;  Gatt^-rman  and 
Weinlig.  litT,  27,  1943;    r.  also  Troost  and 
llautefeuille.  J.  nr.  Chem.  [2]  4,  302). 

SOko-mesoxalle  aeld 

(SiOOHSi(OH),.Si()OH), 
is  similarly  obtained  frofii  Si  ,Clg,  but  is  more 
violently  explosive,  and  lias  .Mtnmger  nnlucing 
pn>|KTties  than  the  silico-oxalic  aciil.  When 
dry  it  is  extri'mely  unstable,  often  decomiKJsing 
Hp»jntaneously  and  l)cooniing  incandescent 
(Gatterroaon  and  £Uery.  Ber.  32,  1114). 

MUoo-formiv  «iihydifto  (v.  nnder  Siuco' 

CTLOBOFORM). 

Silicones.  These  oxygen-hydrogen  compounds 
I'f  .-ilir*>ii  are  produce<l  by  theactitm  of  aqueous 
hydrochloric  acid  on  metallic  silieiiles. 

Chryjttoiu  or  silicone.  Si4H40j  is  descrilxHi  by 
Wiihler  an  obtained  in  orange-o<)loured  laminro 
by  digesting  oalcium  silioide  with  oonoentrat4xl 
hydrochloric  aoid  in  abe«noe  of  light.  On  ex* 
j«»siir<-  it  b<'<  i'iin  s  snow-whifr  in  CMtbiur,  c-hangintf 
to  Itucone  ^il3H^0^.  If  dilute  acid  is  used,  thu 
tubflance^  Si^HgO,,  is  obtained  (Wohler  and 
BufT.  Annnlen.  104»  101;  WohJer,  ibid,  127, 
Vou  IV.— r. 


257).   Honigsohmldt  (Monatsh.  1900,  30,  mO) 

aaHigns  tn  silirone  th*-  forrmila  Si,HjO>  from  the 
amount  ot  hydrogen  evolvetl  whei^  heated  in  a 
vacuum.  The  residue  has  the  composition 
iiiaO,.  Leucone  gives  no  delinite  result  by  this 
method,  but  leaves  a  residne  approximating  in 
cuinpnsition  to  Si^Hj.  Similar  Ixxlii-s  of  in- 
detinite  composition  are  obtained  from  mag< 
nerinm  and  other  silicidea  (Genlher,  J.  pr.  Chem. 
n-  }-2t;  Wincklpr,  Ber.  23,  2ft42).  They  are 
probably  mixtures  of  silicoformic  anhydride 
and  silico -oxalic  acid  (B(Hidouafd«  Cbmpfe.  rend. 
1906,  142,  1528). 

« 

SnJooK  Am  HTDBoanr. 

SUicOn  liydride,  «iliromi!hant\H\H y.  wa.s  first 
obtained,  mixed  with  hvdrogeii,  by  Wohler  and 
Buff  (Annalen,  102.  128;  103.  218;  104,  94; 
107,  112;  JnhRslx  r.  ISHT.  lOB ;  1858,  142). 
(a)  by  electrulyjsiii  ol'  Hudiuin  or  other  metallic 
chloride  using  a«  the  positive  pole  an  alloy  of 
aiominium  and  siUoon,  at  which  the  Hpon> 
taneonsly  Inflammable  i^as  eseapi>s ;  (6)  by  the 
action  of  hydruclilorie  aoid  w  magnoaitini 
nilicide  and  other  silicides. 
i  Ski  obtained  hy  Wuhler  and  Buff  it  is  a 
colourless,  i<i>ontaneoui<I \  iiinammablo  gas,  in- 
soluble in  cfe-aerated  water,  but  deoomiKmil 
over  ^vatcr  containing  air.  SiH,  may  be  ob- 
tained  bv  direct  synthesis  horn  iu  elements* 
Silicon  heated  above  its  melting-point  in 
hv(lru:;«  ii  \  it-Ids  small  uitifies  of  SiH^ 
(Ihifour,  Ann.  Chim.  Phys.  iUOti,  [viii.J  9,  433). 

The  erode  gas  from  magnesium  silioide 
usually  c■(Hl^ii.st^^  i)f  a1x)ut  95  p.r.  hydroyi  ii.  On 
fractionating  the  gas  by  means  of  liquid  air, 
Moissan  and  Smiles  ol>tained  a  fraction  lM>iling 
at  alxjut  52",  flpontanoou«ly  inflammable,  and 
of  (iuiuHity  approximately  acreeing  with  tlie 
formula  SijH,  (Compt.  rend.  liMi2,  134,  669). 

Subsequently,  Lebeau  (ibid.  1909,  148.  13) 
obtained  by  this  metho<l  Silli  and  SijH,  in  the 
pure  state,  the  latter  of  the  calculated  density 
and  of  b.p.  —7°,  and  in  addition  a  ooiourless 
liquid  explodinff  violently  with  oieygen.  and 
burning  with  a  origlit  flainc.  Tliis  is  jmibaMy 
Si^Hf,  although  too  reactive  to  alluw  of  accurate 
analysis,  and  is  probal>ly  the  caui«e  of  tho 
fpontanemis  inflammability  of  tliL-  crude  gaa. 
Fmallv,  u  white  solid  wilh  obtained  in  small 
quantity,  turning  hcown  in  air,  pieeumahly  • 
solid  hydride. 

^ioo-methane  is  obtained  hi  the  pore 
state  by  the  ilfcompositinn  of  tri-cthyl  silico 
ortbo-forinHte  in  contact  with  .sodium,  on 
wanning.  The  action  of  the  Mxlium  has  not 
l)een  explaiii'-.i  fi'Virdel  and  Ladenboig,  Bull. 
Soc.  chim.  jii.]  7,  322). 

4SiH(OC,H,),»SiH«4-SSi(OC,H,)«. 
AccMriling  to  Adwentow-ki  atnl  Dr. >z<l( ivv>ki 
(Bull.  Aea»l.  Sci.  (.'racow,  1911,  A,  3.'IO-:i44)  thin 
method  only  yiehln  tho  pure  gas  alter  repeated 
fractionation.  T(  is-  not  sjxnitnnfni  ly  in- 
llaimuabli  ,  excvpt  when  gent  I  v  luatctl  uiultr 
reduced  prt'f.sun',  or  niixeu  with  hydrogen.  A 
hot  knife-blade  is  xufticient  to  iollamc  the 
bubbles  of  gas  OH  Wwy  rise  over  mercury,  and 
the  nirr(  urv  bi  cmiic-j  suftii  imtly  heated  to  SOt 
lire  to  thu  tiucceeding  bubbles. 

It  is  decomposed  hy  potaairittni  hydroxide. 
8iH(+2KOH+HcO^K|8iO, + 4 11 
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SILICON. 


1  litre  at  N.T.P.  irwghs  1-4538  grams;  crit.  * 
temp.  —36''  C. ;  crit.  pceas,  47*8  Atmo«. ;  b.p.  1 
mm.  (Adwentotnld  and  DRMEdow<  I 

aki,  I.e.)  Heat  of  furiuation  24*8  cab*.  (Ogier, 
Compt.  rend.  88,  91X).  Uoat  of  combustion 
324-3  cab. 

The  impure  gas  bums  with  formation  of 
Hilica,  and  silicon  is  dopofiited  when  the  tlamt; 
plays  on  a  porcelain  bMni. 

It  forms  with  copper  and  silver  solutacms 
the  corresponding  silicide,  and  precipitates 
metallic  j^nUadiiiin  from  .-loliitioii,  but  is  \Mthout 
action  ou  lead  acetate  or  platinum  chloride,  it 
is  deoompoeed  by  the  eleotrio  discharge  into 
hydrogen  and  a  yellow  ■olid  (Ogier,  Oompt.  rend. 
89,  1068). 

In  addition  to  the  eilico-eihane  and  »ilko- 
ethylene  already  mentioned,  silico-aceiylene 
(SijHj),  has  been  describetl  by  Bradley  (Cvem. 
News,  82,  149)  as  a  yeUo\\  rry.^taUine  non- 
exploeive  compound  obtaioed  hy  treating  the 
copper  silioide  CuSi,  (f.  however  tmdcr  MtlalUe 
Suicides)  and  the  oekium  ailieide  OdSia  ($.v.) 
with  acids. 

8n-Trnir  a??d  Fluobink. 

Silicon  fluoride  SSiF^  was  first  obtained  by 
Scheele  in  1771.    It  is  produced  by  the  action 

of  hy<lrufluoric  acid  or  concentrated  .sul{)hurii' 
acid  aiul  a  metallic  fluoride,  upuu  Mlua  or 
•iKoati.^.  Furthfltp  by  strongly  heating  fluor- 
Sper  M'lth  sdica,  or  a  mixture  of  clay  ana  carbon 
•8  well  as  by  direct  synthesis  (v.  also  under 
SiHF,). 

It  IB  most  ooav«uentlv  prepared  hv  treating 
a  mixture  of  one  part  fine  dnr  eand  or  glass 

powfJrr  and  om-  pftrt  ]K)\viI(r<"a  fluorspar  with 
six  partd  cuucxntrated  aulpkutic  acid,  the  gas 
being  collected  over  mercury. 

It  is  a  colourless  gas  with  a  suffocating  smell, 
and  fumes  strongly  in  air.  It  is  not  inflammable. 
It  solidiliLri  at  —10:1°  (Olzcwski.  Monatsh.  5, 
127)  and  evapoiaUw  i^ithout  fxision.  Under 
two  atmoephera  uwimie  it  colidi&c  without 
liquefying  at  —  97  ,  and  then  melts  at  —77®, 
and  bioiU  at  —GS"  under  1810  mm.  Its  critical 
temperature  ia  —1*5'*  and  its  critical  pressure 
00  atmo-spheres.  These  constants  are  identical 
for  both  the  synthetic  product,  and  that  ob-  : 
tained  by  the  usual  method  (MoiBBKi,  Oompt.  j 
xend.  1904,  139,  711). 

Its  spectrum  contains  duiaeteristtc  blue 
bands  which  are  abat;iit  from  the  silicon  hydride 
»t)octrum  ( Weacndonck,  Wied.  Ann.  21,  427; 
e.  also  Diitnur,  Gomvt.  rend.  I90s.  HQ,  810). 

It  is  decompnsctt  hy  contiTiued  passage  of 
the  electric  bpurk,  \s  iih  bf  juration  of  silicon 
{Tn>ost  and  Hautcfeuille,  Compt.  rend.  43,  443). 

It  is  n^adiiy  absorbed  in  iKtge  quantities  by 
water,  being  at  the  same  time  aeoompoeed  into 
silicic  and  hydrtifluosilicic  acids 

3fcJiJj'4+2H,0=2H^SiF,+SiO,. 
it  is  not,  however,  decom|)ofH'd  by  steam  above 
iryi)"  (Hautcfeuiilt),  and  Guntz  (Ann.  Chim. 
Phys.  [vi.]  3, 1)  tihowH  from tiic  thermal  equation 
SiF4(gas)4-2(H,0)(Ra8) 

=2HK(ga«)+SiOs(.sol.)=  -26'8  cal. 
that  the  latter  action  can  only  take  place  pro. 
vided  the  temperature  is  sufficiently  high  to 
prevent  the  secondary  action,  viz.  <  .'labination 
ul  hydroUuurio  acid  with  water  aad  formation 


of '  hydrufluosilicic  acid,  which  develop*  heat 
sufiioient  to  compensate  tliis  absorption. 

The  lieat  of  formation  of  silicon  fluoride  is 

2G9-4  cal. 

Aqueous  alkait-s  and  alknline  earths  decom- 
pose it,  precipitating  part  of  the  silica  and  form- 
ing a  fluusilieatc  of  the  metal,  as  is  the  case  with 
poiAbii,  or  precipitating  the  whole  of  the  silica 
ami  forming  a  metallic  fluonde^  as  ia  the  ease 
with  soda. 

Many  anhydrous  metallie  omdee  absorb 
siliion  fluoride,  becomiiig  hot^  and  sometimes 

taking  fire.  « 

Potassium  and  sodhim  do  not  react  until 

melted,  when  they  blnokcn  and  bum  with  a 
dark-red  flame,  yielding  a  dark- brown  brittle 
mass  (Gay-Luasao  and  Thfaaid,  Ann.  Chin. 
Phy8-  69,  204). 

Silicon  fluoride  combines  with  twice  its 
voluiui'  cf  ammonia  \:hs,  forming  a  volatile  crys- 
talline compound  (2KHa)Sil!'4,  which  is  deoom> 
posed  by  water  in  the  following  manner  t 
2((NH;i,SiFj+2HjO=2NH«F+(NK,),SiF,+SiO, 
(J.  Davy).   It  is  absorbed  by  absolute  alcohol 
forming  fluosilieio  alcohol,  a  mixture  of  tetc« 
cthj'Iic  .--ilicatc  and  liydrofluosilicic  aoid  (Kdop 
'  and  Wolf,  Chem.  Zcatr.  1861,  82). 
I      Aniline  and  a  large  number  of  other  amines 
readily  react  M'ith  SiF,  (Cnmey  and  Jack.<:on, 
Ber.  21,  013 ;  Comey  and  Smith,  ibid.  21,  bUJe). 
Phosphine  comfainMat  — S2*and  fiO  atmospheres 
pressure  to  give  a  white  crystalline  solid  of 
I  formula  3SiF4-2PH,  (Besson,  (;ompt.  rend.  110, 
;  80). 

adtcon  subjluoride,  said  to  tie  obtained  by 
I  passing  the  tetrafiuoride  over  silicon  heated 

nearly  to  the  softening  point  of  porcelain  (Troost 
and  Hautcfeuille,  C\^>mi>t.  rend.  73,  563)  is  of 
doubtful  existence. 

Hydrofluosillcic  acid  v.  Fluorine. 
Siilco-fluoroform,  trifluorsilicotnethane,  8iHF, 
in  prepared  by  heating  silico  -  chloroforui  in 
sealed  copper  or  glass  tubes  with  an  equi> 
molecular  quantity  of  tin  fluoride  or  titaonim 
fluoride  for  18  hours  at  100*-120* 

38nF4+4SiHCl,=4SiHFa-f3Sna4. 
Arsenic  and  antimony  fluorides  only  yield  the 
tetra-ttuoride — 

3SiHCl,+4fc;bF,=3SiI\  :  28h  t2Sha,-|-3Ha 
while  silver  and  lead  iiuurides  do  not  react. 

It  is  a  colourle.s.H,  fuming  gas,  bbp^  '-80-2'', 
m.p.  —110^  It  slowly  deeoraposee  in  a  sealed 
tube  at  the  ordinary''  temperature 

4SiHF,»SH.+8i+SStF4 
It  hum.'?  ■vvjili  a  pule  bltto  flame  in  air,  and 
decomposes  \vatcr  — 

28iHF,+4H,0-Si(OH)4+H,SiF,-f2H,. 
;  With  absolute  ethyl  alcohol  it  forms  ethyl 
orthosilicate,  and  with  ether,  ethyl  silico<ortlio- 
fwmate.  It  dissolves  in  ite  own  volume  of 
toluene  (Rufl  and  Albert,  Ber.  I90(^  38,  63). 

SiLICOK  ASO  CBLUBOOL 
SiUcon  tetrachloride  SiClt  is  formed — 

1.  By  heating  silicon  in  chlorint^  i»as 
(Berzelius,  1824). 

2.  By  pntsjjiiig  chlorine  over  a  mixture  of  finely 
powdered  silica  and  charcoal  made  into  balls 
with  oil,  and  strongly  heated  in  a  porcelain  tube. 

3.  By  the  action  of  chlorine  upon  magnesinm 
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silicitle  (GalU  rmantt  And  Weinlig,  Ber.  27,  |  With  chlorolxsnzeno  aad  sodium,  instead  of 
1943),  iron  silicido  (Warren,  Chem«  Newv»  66,  ;  tho  hoxaphenyl  derivative,  tho  tetraphenyl 
113)  an«l  other  metallic  siiicides. 

Vigouroux  (Coinpt.  niul.  IH'M),  120,  334) 
obtains  it  by  the  action  of  chlorine  at  u  rod  hoat 
upon  mlioon  obtained  by  reducing  tw'o  parts  of 
hilica  \vit}i  one  of  aluminium,  and  afterwards 
treating  with  (I)  hydrochloric  acid,  (2)  aqua 
regia. 

It  is  a  colourless  liqni<i.  h.p,  56-9*,  m.p.  —89*, 
8p.gr.  1'624.  (Fur  uLher  physical  properties,  v. 
Oniorpc,  Chcm,  Soc.  Trans.  1880, 

It  i«  deoomfMMed  by  watcr.^ving  silioio 
•nd  hydroohlorio  ftoida,  and  by  potaarium  when 
heatwi  ill  tho  vapour,  silieou  Ix-ing  forrnorl. 

If  Tep»>ato<lly  j)a.ss<'il  over  Mlicon  heated  in  a 
porcelain  tnlw  t-o  m  urly  t)ie  softening  point  of 
jwrcelain,  with  exclusion  of  air,  '  .suh-i  liloriih-H  ' 
were  found  lo  be  formed  by  TioosL  atid  liauie- 
'  feuille  (Compt.  rend.  73,  .'563)  which  OOmId  bo 
aepacatod  by  fractional  diatiUation* 

It  Teacfes  witlk  ammonia  in  baomna  aolatkm, 
tho  product  usually  isolated  being  Sid^'fiNH, 
(v.  8Uieo»  and  Nitrogen). 

FhOBphine  is  not  absorbc<l  at  ordinary 
tpmpcmturrs,  Imt  at  —23°.  20  volnmes  are 
absorbed,  which  arc  givwi  uli  unchaii;^t'd  at  20^. 
At  —80",  40  vols.  (correspon<ling  to  SiOl4-2PH,), 
small,  highly  refractive  oiystals  are  formed  at 
16*  under  20  atmospheres  pressure,  disappearing 
at  1.*;  at  It),  but  reforming  when  the  temperature 
falla  to  0°.  They  are  lorraed  at  —35'  under 
ovdinary  ]ircs8ure.  Their  composition  is  not 
known  (Besgoii,  r.impt.  rend.  110,  240). 

The  rate  of  hydrulvoiii  of  silicon  chluridu 
greater  than  that  of  the  corresponding  tin  and 
titanium  compounds  {v.  Kowalewakyp  Zeitsoh. 
•anoTff.  Chem.  1900,  25,  189). 

llcatrd  with  the  equivalLiit  quantity  of 
carbon  tctrabnimide,  silicon  bromide  is  formed 
in  12  p.c.  yield  (QuataTson,  Amu  CSiini.  Fhvs.  [5] 
2,  200).  With  organic  compounds  n  number  of 
urganiu  derivativ(«  have  hocn  obtained  (q.v.). 

SiUeon  hexaehloride,  hexachlorailico-ethane, 
SijCl,  is  obtained  along  with  the  tetrachloride 
from  the  action  of  <mIorine  upon  magnesium 


i  derivative  is  produced.  m.p.  231°.  which  is  also 
the  case  witli  silico-chlorut'oriu,  nulicatiug  the 
great  tendency  of  silicon  to  form  tetra-  doriva* 
tives  (Qattonnanii  and  Weinlig,  Ber.  27,  194S). 
With  water,  t^SkthmiUc  oend  {qM)  is  prO" 
duced. 

Silicon  dichlortde  Si|Cl4(?)  i^j  »aid  to  be 
formed  with  other  products  when  silicon  tetra- 
chloride is  passed  over  heated  silicon  (Troost 
and  Hautfeuille,  Compt.  rend.  7S«  068).  It 
ha«  not  since  lieen  investigated. 

SIjC'Im  has  also  Ix-cn  .'^paratcd  from  the  i-nulo 
silicon  tetrachloride  obtained  from  tho  action 
of  chlorine  Upon  jmpora  ailioon  prepared  from 
silica  with  excess  of  magnpsium.  If  the  .silicide 
formed  is  previously  rcuioved  with  hydrocliloric 
acid,  very  little  ootochloride  is  formed.  Ex- 
posed to  air,  nUohmtMmUic  add  is  produced 
(Qattermann  and  BDery,  Bn.  1899,  32,  1114). 
It  is  also  amongst  tho  pmducts  obtained  iti  the 
action  of  the  suent  eieciric  discharge  ou  tdUco 
chloroform.  Its  m.p.  is  —67^  and  ita  b.p. 
2\r,°-2\S°  (Bsason  and  Foamier,  Gompt.  rend. 

148.  83<J). 

D'cnchlontlUoo-bttkim  8i«Clt«,  b.p.  149^- 

151*715  mm. 

thdeeachhroailiahpetUaw  Si  Ij  ^,  b.p.  190"/ 
15  mm. 

TftradecaclUoro-silico  Jeanne  Sicdif,  lULp. 
170*  (deoomp.  but  sublimes  in  www  at  300*)« 
and  a  glass s-  reddish-yellow  residue,  stable  at 
200°  and  aoiubio  in  carbon  tetrachloride, 
probably  a  mixture  of  aplid  ohlorides,  have  also 
been  obtained  (Besflon  and  lV>iiinier,  Lc ;  ibid, 
148,  34). 

Slltoo*«lilonlOfm,  trichlcronlieo-nuAane, 
SiHd. 

is  prepared  by  the  action  of  dry  hydrogen 
chloride  upon  : — ■ 

1.  Sdicon  at  red  heat  (Wohlcr  and  Bufi, 
Annalen,  104,  M;  IViedil  and  Ladeabntg, 
tbid.  143,  119) ; 

2.  Magnesium  silicido  al  450°-5UU°  (Uatter- 


silici 


do,  and  may  lie  separated  by  fractional    ^ann  and  Weinlig,  Ber.  27.  1943); 


distillation  (Gattermann  and  Weinlig,  Ber. 
27,  1943).   Also  by  gently  heating  a  mixture 

of  silieon  hi-xaiotliilc  with  mr-rcurir  chloride, 
rectifyuig  and  puntyuig  by  fracUoaal  djistdla- 
tion  (Friedel,  (3ompt.  rend.  73,  101 1). 

Besson  and  Foumier  {ibid.  1909,  148,  839) 
have  obtained  it  along  with  other  chlorides  by 
submitting  silico-clUoroforni,  or  silicon  tetra- 
chloride mixed  with  hvdrogen  to  the  action  of 
the  silent  electric  diaonarfe. 

It  is  a  colourless  inoliil.'  liqiii.I.  fuinln;^'  in 
moist  air ;  b.p.  145*-i  1L»°.  It  crystaiimeA  in 
leaflets  at  —1".  Its  vaixmr  density  (Friedel 
and  Ladenburg,  Ann.  Chira.  Phys.  [5]  19,  3!>0) 
at  239-4  is  9-7  (air=l).  Calculated,  9-29; 
sp.gr.  1*68.  Dilute  ammoiua  gives  hy<ln)geji 
and  silicic  acid,  Strongly  heated  it  gives  off 
an  inftammable  vapour,  and  is  completely 
deioMiposed  on  heating  to  800*  in  cloee4l 
vessels. 

With  ammonia  in  bonxeno  .solution,  the 
compjuiul  Si.Clj'lONHj  is  produced,  stable  up 
to  loo",  t'Ut  with  phosphino  reduction  takin 
place  even  at  —  lO'  (Bcsson,  Oompt.  lend.  110, 
616). 


3.  Iron  silioide  (Warren,  Chem.  JSews,  66, 

113); 

4.  t  oppersili'  ide  (Cbmbos,  Onnpt.  rend.  122. 
531 ;  Ruff,  Albert  and  UeiscI,  Ber.  1905,  38, 
2222). 

The  prrxlnrt  is  condensed  by  liquid  air  and 
freed  trom  tiilicon  tetrachloride  by  fractional 
diiitilbtion.  Where  Uqaid  air  is  not  available 
cotusiderable  lo8.s  is  prevented  by  absorbing  in 
toluene.    It  is  a  colourless  liquid,  b.p.  33°  ;  m.p. 

sp.gr.  l-3438at  15°,  winch  fumes  strongly 
in  moist  air  nud  gives  an  inflammable  vapour. 
It  is  oonn  l  1  ly  misoible  with  GS,.  GCI4,  CUQ,, 
SnCl,.  Ti(Jl|.  AsCl,.  It  decomposes  at  800^,  the 
action  being  reversfible— 

4SiHCl,  5  Si-K3Sia4+2H,. 
It  is  not  attacked  at  150*  by  aodinm  or  other 

metals. 

It  reacts  with  dry  oxygen,  oaone,  sulphuric 
anhydride,  and  chromic  anhydride,  giving 
oxj'chlorides.  Mtric  peroxide  at  —20'*  reacts 
expIosi\  ely,  but  in  carbon  tetrachloride  solution 

the  following  reacti'in  faL*^^  place — 

SiHCl,+2NO,=&0,-f2NOCl-hHa 
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(BoijAoa  and  Sbimiier,  Oompt»  rend.  1809,  148, 

1192). 

Witli  i  xcts;,  of  anilino  in  bcnzt-nu  solution 
tnaniiino  9iliconhydride  i>iU(NHPh),  \n  formed 
(from  which  SiMClj  ia  regeaeratetl  by  dry 
hydrogen  ililuridf)  in  aleuder  white  need  uhirh 
begin  to  decompose  at  114^  With  ammonia 
ailtcon  nitrogen  hydride  (q.v.)  i»  prodnoed. 

With  alwoluti!  ethyl  alcohol  it  yields  Irifthi/I 
ailico-orthofomuUe,  b.p.  134''-137°  (l"r»wlel  and 
JUdenburg.  Ann.  Chim.  Ph;|n.l871  [4]  23.  430), 
and  \nth  water  ttilico-formic  anhydride^  a  white 
powder  resembling  silica,  stable  at  150'',  which 
iiurns  in  air,  and  evolm  hydrogen  With  poUti- 
aium  hydroxide 

(SiOH),0+8KOH=2Si(OK),+3H, 4-311,0. 
It  is  deoompoMd  by  chlocino  at  ordinary  tem- 
peratures,  giving  ailioon   tetrachloride  and 
hydrogen  chloride. 

Monochlowsilico-uulhmir  SiHjCl  and  dichloro- 
niico-melhatt«  arc  obtaiued  by  fraction* 

ating  the  diflleoltly  oondenaihle  products  formed 
in  the  action  of  dry  hydrogen  chlnride  npon 
amorphous  Hiliuua.  Their  b.ps.  are  about 
—10  and  +12"  rospeotlTely.  They  are  colour- 
Itttn,  mobile,  highly  expansive  liquida,  irhich 
yield  hydrogen  with  water  and  alkalis. 

Silico-hydric  chloride,  obtained  by  Wohler 
and  fiuff  by  passing  hydrogen  chloiride  over 
silicon  at  tow  lednefls,  and  to  wiiidi  they  assigned 
the  formula  SisHiCl^o  (.'Vnnalcn,  104,  94),  has 
been  shown  by  Fricdel  and  Ladeabunc  (Bull. 
Soe.  chim.  [2]  7,  322)  to  Ix;  a  miztuie  oi  ailicai) 
tetrachloride  and  ailioo<chloioforiii. 

SkUCOM  QXYOHLOBIDKa. 

Considerable  interest  attaches  to  these  com- 
pounds in  regard  to  the  constitution  of  the  silicic 
acids. 

Trichlorosllicic  oxide  {SiCl,)jO  is  obtaim  il  l.y 
paiMiing  the  vajM>ur  of  silicon  tetrachloride 
throu^  an  exhau^teil  {Mrcelain  tube  containing 
fragments  of  felsjxar,  heated  to  near  the  .soften- 
ing point  of  felrti>ar.  On  n.-]>assmg  the  vapour 
several  times,  ancl  fractionating  the  prottacl, 
the  ojn'chlohde  passes  over  between  IM"  and 
13»». 

Jt  is  also  formed,  together  with  phosphorus 
oxychloridc,  when  silicon  tetrachloride  is 
possmi  over  stnmgly  heated  phosphoric  anhy- 
dride. 

It  is  u  colourIci>.  funimg  lit^uid,  of  v.d. 
10*05  (air— 1).  It  is  (in  <»inpo8ed  by  water  and 
alcohol,  fornnn^  \sith  the  latter  diHilicokeKylic 
etAer  [Si{Uf,ll5i.jJ,U.  b.p.  235*-237^ 

Heated  with  tint  e  molLcnlar  (imix^rtions  of 
zinc  ethyl,  trifthyl  gUicic  oxide  t>^i(C(Uf)t]tO  is 
produced  (Fri«?del  and  Ladenfauig,  BolL  Soc 
chim.  [2J  0,  358). 

It  is  also  formed  iioiu  Hiiico-chlotuloiiit  by 
the  action  of  dry  oxygen  or  ozone  (Besson  and 
Fmimior,  Uompt.  rend.  1909,  148,  1192),  and 
v/hen  chlorine,  mixed  with  half  its  volume  of 
ox\;'(  ii,  \i:i^.-<-i\  over  heatiij  silicon  (Tmo  t 
and  Uauteieuille,  BulL  Sioc.  chim.  [2J  35,  3ti0). 

Several  ox%'ohIoridQe  are  produced  by  the  I 
action  of  the  induction  -park  on  a  mixture 
of   the  1 1  1  rachloride,  trichloiu.iihcio  OXldc,  and 
oxygen,  or  by  (uiHsing  trichlorosUicio  oxide, 
together  with  oxygen,  several  timee  over  frag 


compounds    havin^^    the    molecular  formulaa 
SijOjClj^  andSi^UjCl,,  boiling  at  153°  and  200* 
respectively,  being  obtained  m  largest  quantity. 
The  followin-   ha\e   been  separated  by 

fractional  distillation  : — 


Formula 

1.  SijOCl, 

2.  si.oa,^ 

3.  Si^OjOjo 

4.  Si^O.Cl, 

5.  Si^OflCl, 
0.  Si,( ).('!, 

7.  s,,u;„ci,, 


BoUing-iK>iat 
I36*-139» 

152*'-154' 
198^-202* 
about  400° 
about  440" 


by 


(Troost  and  ilauteteuille,  Cbmpt.  rend.  73.  60S; 
the  formulas  have  been  adjusted  to  the  new 

atomic  weights). 

The  constitution  of  (1)  ia  undoubtedly 
CI,«Si— 0-^*^0,  or  si.oa^ 

By  successive  replacement  of  ehlorine 
oxygen  the  following  formuiw  art.-  derived — 

a,— Si— 0,=Si=Cl,  or  SijOjU^ 
Cl--Si^O,=Si— a  or  SijO,Cl, 
Si=0^=Si  or  Si,0^.  or  SiO,. 
Thciie  currciipoud  tu  the  0x3  chlorides  4  and 
5  respectively. 

Further,  by  substitution  of  the  radicle 
— O— Sid,  for  ehlorine.  the  following  formulas 
may  be  derived  from  SiCl4 — 

a»^Si— O— Si=  CI,  or  Si,0('l, 

Si— O— Si— O—  Si  or  Si,0,Cl. 

JII  11  1'. 

CI,        CI,  CI, 

Si— 0— Si— O— Si— 0— Si  or  Si40aCIi, 

II         II  I  III 

CI  3       CL        CI,        CI  3 

The  last  corresponds  to  3,  and  by  successively 
replacing  pairs  of  ehlorine  atoms  bv  oxvgcn 

the  formuliB  Si^O^Cl.,  Si^O^Cl,.  Si.oV'^.'and 
SijO.f'lj.  corres|K>nding  to  4,  7,  5,  and  l»  respec- 
tively may  be  derived. 

Formula  2  m-ouUI  appear  to  be  inadmissible. 

The  above  structural  formulss  may  be 
writtoi  generallv — 

ca,8Mt>-si(ci.)  ),-o--siai, 

or  Si,^.,0„+jCl,„+, 
and  the  oorresponding  siluno  adds 

(OH),pl— <0-Si(OH),-)„— a-«(OH),» 
or  8i^,^,0  .^j(OHj»,.^,. 

SnJCOH  AKD  BrOHI5£. 


Snieoa  tetrakromMe  SiBrt  is  prodnoed  by 

))assing  bromine  %a})nnr  (1)  over  an  iiiliiiiat*^ 
mixture  of  silica  and  charcoal  (SeruUas),  (2) 
over  heated  silicon,  or  magnesium  silidde 
((]attcrmann,  Ber.  22,  I8r>).  an<l  (3)  in  lar<rc 
I  V  leld  along  with  silicobromoiorm,  usuig  hydrogen 
'■  Lromido  instead  of  biomme  in  (2)  (Qatter> 
I  maun.  l.c). 

'      (4)  By  heating  silicon  tetrachknida  with 
carbon  tctra bromide  (QufltavsOD,  Ann.  QlinL. 

,  l^hys.  [51 2,  200). 

A  colourless,  fuming  liquid,  m.p.  -|-6'*  b.]>. 

I50-s<»'7M'4  mm.  fBlix).  .^p.trr.  2-82  (ReynolfU) 
vvUit  vciy  legidar  thermal  expansion. 

In    g(nieral    properties    it    resemblee  the 
chloride,  but  dillers  from  it  in  its  vigorous 
meats  of  porcelain  heated  in  a  glass  tube,  the  [  and  sometimes  explosive  reaction  with  potaaeinm 


shjook. 
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on  very  slight  warming,  and  in  lundntigoing  no 
r>  hiction  when  mixed  with  hydrogen  and  sub- 
mitted to  the  action  of  the  liilcnt  electric  dis- 
charge. It  combinc8  with  ammonia  very 
slowly,  yielding  i!iifir4'7NU«.  Photphine  under 
orrlinary  prMMura  does  not  eonbine  even  at 
fiolidityinn  (cmixTaf urc.  1>ii1  oil  pr(il<iiif;i-(l  com- 
prciHuoa  a  eoloiirlettK  liq^uid  is  formed  \iiuch 
chmigss  to  a  white  amorphoiu  solid  (Besson, 
Compt.  rend.  110,  240). 

Like  the  chloride,  it  readily  form.s  organic 
derivatives. 

Moiuhrinnu-f^il'tra. methane  ,SiH3Br,  li.p.  30"- 
4^f,m^ddilJ1■ollt0^sUic^i•mflhnn€^i\\^i^1:^,  b.p.  7i»% 
aie  spontancoiu*ly  intlammabtc  IjquidH  obtaine<l 
in  simill  qusntity  by  fisotioQsl  distillatioa  o< 
the  erode  tetAmomide  (Bmsoq  sad  IVmrater, 
Oimpt.  rend.  1010.  l",!.  1055). 

sitteo  •  iHromolonn*  <r»6rofM*{tl6o  •  mdAone 
SiUB^s  w  mko  obtained  th.tts»  but  is  mora  easily 
obtained  by  the  aotion  of  dry  hydiogen  buomide 
on— 

1.  Magneiiiura  ailieide,  although  onlv  in  small 

yirld,  as  is  the  casr  ^itiron  nnd  hydrogen 

broniitie,  the  chief  prtnluol   Uniig  the  tetra- 
bromido  (Gattermann.  Ber.  22.  18t5). 

2.  C(ipporsilicide(Ck>mbeH,  Compt.  rend.  1800, 
122.  531). 

3.  Trianilinosilicomctluuio  (Ruff,  Ber.  1906, 
41,  3738). 

A  colontleaB,  fuming  liquid,  b.p.  lOff'-lll^ 

rriTiaiiis  liquid  at  -HO"  flV-ssrml.  sp.gr.  2-7.  It 
is  analogous  in  chemical  pr<>|xirtie«  to  Bilico- 
chloiolorm,  bat  is  leas  stable  t&an  the  ktter. 

Silicon  hexabromlde,  hexalrouiosU'icn-fthnnr 
SijBr,,  ja  prepared  by  adding  uii  (jquivul.  nt  til 
bromine  to  a  solution  of  the  hi-xaiodide  ia  rarlxm 
disulphide,  it  rrvstalli-^cs  in  rhombic  plates, 
which  are  isomoipiioUM  with  the  corresponding 
iodide  (Frie<leland  Lach'uburg,  .Vnii.  Chini.  Phys. 
ifi]  19,  390).  It  ia  also  obtained  when  silico- 
ororoolfonn  is  submitted  to  the  action  of  the 
silent  electric  discharge  (Besson  and  Fouxnier, 

It  mcHs  at  95*  and  boils  at  266*. 

()<:lTuhri>i,io-*iUin.j.iiil'iii'    Si-,Br,.  ni.j).  IHH". 
and  decuhmnoailico'ljutanc  ^i.Bt^^,  m.p.  185°  1 
(deoorop.)  have  also  been  obtamod  by  this) 

mcflii.xl. 

j)i«%licohydfic  pcntabroniidc  Wi%)\hr . 
b.p.  230*  (Mahn,  Jahresber.  1860,  248),  in  | 
probably  impure  Si  ..Br,. 

TruUicohjfdric  bromide  Si^U^Brio  (\Vohl<*r 
•ad  Buff,  Annalen,  104,  94)  is  a  mixture  of 
8iBr4  and  SiHBra. 

SiLicx>K  Axn>  losim. 

SUIOOII  tatrimUde  Sil|  is  obt«inod  by  pa8><ing 
iodine  vapour  in  a  htreain  nf  rnrt«>ii  ilioxido, 
through  a  long  j>om'lniii  tultc  lillt-ti  wilh  silicitii 
and  hcHt«"d  to  n'dnesn.  The  pniduct  >*ul>lim«'s 
in  the  r<io|  part  of  the  tulx-  a,s  a  white  crvstnllinc 
mass.  It  i-i  ]niritied  by  <lis»Milving  in  earJK)i> 
dijsulphide  nnd  agitating  with  niereur\ . 

It  cryHtaliiHcs  by  oublimation  or  from  it8 
solution  in  carbon  disulphidc  in  oulourli'88  tiana* 
pan  nt  r'  CMihr  nrt?dii'<lru  :  indt.s  at  lit^')"  1<i  n 
yellow  lupinl  ;  Hlxnit  2^M^*'.  nn<i  distils  un- 

altijreil  in  a  .stream  of  carlnHi  dioxide.  Vapour 
den8itysl9-12  at  300°.  The  vapour  bums  with 


a  red  flame,  depositing  iodine.  It  la  deeompooed 

by  water  and  alcohol 

Sil4+2C^.O  =SiO,+2C,H,I +2HI 
and  by  e^er  at  100*,  yielding  silido  ether 
Sir, +4(C,H  j),0 =4C,H,I+8i(0C.H,)4 

(Friedel,  Annalen,  149.  90). 

It  has  alflo  boon  pKipared  by  jwis-sIulc  iuduio 
vapour  with  carbon  dioxide  over  th<  m.iguesium- 
silica  reduction  pcoduot  at  red  heat  (Clatter- 
mann,  Ber.  22,  iWte). 

Silicon  hexalodlde  Si, T,.  When  the  f<  triodi<le 
ia  heated  to  300°  witli  linely  divided  silver,  a 
white  mass  is  obtained,  which  is  purified  by  re> 
pelted  treatment  with  small  qnantities  of  rnrboti 
uiiiulphidc  and  ultimate  isolation  with  the  ai<l  «•( 
heat  m  that  solven  t .  Oi  i  <  (X)ling,  the  hevaiodide 
separatee  out  in  colourless  hexagonal  prisms, 
which  fume  on  exposure  to  air.  It  is  deoom* 
posed  by  potash,  forming  siUca,  l^dfiodio  aoid, 
and  free  hydrogen. 

It  may  be  fused  tst  vaeuS  at  250°,  under- 
going partial  dr>rnni[)ositiiiii  (Frii^dcl  and  Laden- 
burg.  Ann.  Uhim.  i'iiyts.  [o]  19,  390). 

(Jently  warmed  with  xinc  ethyl  it  yiehU  OO 
distillation  a  mixtun>  of  silicon  tetraethvl,  b.p, 
150°-154°,  and  silicon  triethvl.  b.p.  25ti°-253°, 
which  may  be  separate<l  by  fraetitmation  (Eriedel 
and  lAdmbuxg,  Compt.  rand.  08,  920). 

aOiam  di-Hdide  81,1,  is  described  by  Friedel 
and  La<lenhurpr  (if'id.  OS,  <V20  ;  liuli.  Soc.  rhim. 
[2]  12,  92)  as  an  orange-red  substance,  inMjluble 
ill  (  Sj,  C'HCl,.  and  SiG,,  dcoomposed  by  water 
ami  *:v(ilving  hy<lrogen  wilh  potassium  hydr- 
oxide, pri>duoc<l  by  the  dry  distillation  of  SijI,. 

SIllCO- iodoform  Si  HI,  waspreimred  by  tViedel 
and  Ijadenbuig  (<.c)  by  passing  hydrogen 
iodide  mixed  wttn  hydmiKen  over  crystalline 
silicon  and  fniet iDTiiit inu  tli^'  |tr<><liirf. 

It  is  obtained  in  lair  yu  l'l  hy  thf  action  of 
dry  hyrlrogen  io4lide  on  .silieo  nitrogen  hyflri»le 
suspended  in  coir]  rarl«jii  <iisul|>!nili'.  and,  in 
still  better  yield,  from  it.H  action  uu  irianilino 
silico-raethane  in  benaone  (Ruff,  Ber.  1908,  41, 
3738). 

A  colourlnw,  stronglv  refracting  liquid, 
<p.-i  n  nn2  at  O".  3-314  at  "20\  It  boll^  it  l'20^ 
but  dec<»mposcs  slowly  above  150^,  antl  it  kept 
boiling  the  temperature  gradually  rises  to  300°, 
the  residue  IxinL'  thi'  t«'traiiMlide.  It  can. 
howe\er,  Ihj  ilintilled  uiuler  rwluced  pressure. 
It  i.s  decompose^l  by  water  in  a  manner  similar 
to  silico-chloroform. 

HydroMilirie  iodiek  is  the  name  given  by 
Wcihlrr  and  Buff  to  the  substanei-  obtaine«l  by 
passing  bydriodio  acid  over  heated  crystalline 
silicon  (Amalen.  104.  99).  Tbiw  has  been 
'^h'^m  by  Frief!<  I  nnd  L.uli  iilinru'^  {f.r.)  tn  hn  n. 
mixture  of  silicic  iodide,  tree  io<iine,  and 
silico-iodoform  SiHIj. 

MncKD  Halookx  Dkrivativks. 
Silicon  chlorobromides.   A  fnrlihrobfomid* 

Sit'l-,Hr  is  olitniiifil  by  the  ai  tioii  of  bnunine 
upon  silicic  <'hloroforfii.  It  is  a  colovirU'ss, 
fiiniinp  li<|uid.  Ixiilitii;  at  SO  mid  d'  > .  .r(i|»oM4  (l  by 
u-aler.  A  dichlorobromtde.  Sit,'i,Br,  is  also 
formed  in  the  show  reset  ion.  an<f  w  found 
amoiitrst  tin*  jirodnrts  Itoilmi;  tit  MM*  ( IVirdel 
and  l*ii(h'nliiir<;.  Ann.  ''!iim.  I'liys.  [4|  27,  410). 

The  irirfih>roftm>i  I'  also  obtfiiiK"*!  ^^ith• 
out  the  seoond  product  by  the  action  of  Br  npon 
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the  tricblorosulphydmto  (qM,)  (SVied«l 
Lftdeubuigt  Lc). 

j^ClBTs  vu  obtained  by  Reynolds  from  the 

tetrabromide  (Chem,  Soc.  Trans.  18S7,  rm). 

They  may  aleo  be  obtained  by  paesiiig  a 
mixture  of  b^'drogen  bromide  and  eilioon 
chloride  throuch  a  red-hot  tube,  shaking  the 
condensed  product  \*-ith  mercury  and  fraction- 
ating (Besson,  Conipt.  rend.  112,  788). 

Silicon  ehloroiodldes.  The  three  ohloro- 
iodides  are  present  in  the  product  obtained  by 
}>a8sing  iodine  ehloridc  vapour  over  crj'stalline 
siliooa  at  nearly  ted  beat  (Beuou,  ibid.  112, 
1314).  They  are  alao  formed  when  hj'drogen 
iodide  find  siliron  chloride  vapour  are 
through  gla.ss  tulxii  liealed  to  redness. 

The  trichloroiodide  in  alKo  formed  by  heating 
silicon  cldoride  and  iodine  in  sealed  tubes  at 
2UO'-2jO-,  ajid  the  dichloroiodide  by  saturating 
the  trichloroioilidc  with  hydrogen  cldoride  at 
—22^,  and  beating  in  sealed  tuUs  at 

They  are  oolourlen,  fuming  liquids,  liberating 
iodinr  on  exposure  to  light,  <ind  burn  with 
liberation  of  iodine  (ik>sson,  ibid.  611).  bilioon 
bromoiodidefl  are  obtained  by  distillhtg  iodine 
bmnu'?c  ()',-<T  rrv^tiilline  sihcon  at  nearly  red 
heat,  uiKi  iratliouating  the  product  over  copper. 

The  Iribromoiodide  results  on  heating  silico- 
bcomofonn  with  iodine  in  sealed  tubes  at  200**- 
250",  and  from  the  aoticm  of  hydrogen  iodide  on 
silicon  Ijromide  at  red  heat  (Bes.«on.  ihiJ.  1417). 

Tho  mixed  halogen  compoundi*,  like  the 
aimpfo  oaeB»  give  aefinite  oompovndB  with 
ammonia. 

The  melting-  &nd  boiling-points  of  the  above 
eoni]K)undH,  as  detemuned  by  Bcmoh»  ato 
tabulated  below— 

Formula 
SiClaBr 
SiCljBr, 
SiClBr, 

SiCIJ 
SiCI.I, 
StCU. 

SilirJ 
Si  Br, I  . 
SiBrI, 

Silicon  and  NrrEooEN. 

Silicon  nitrides.  Dovilio  and  Wohlcr  obtained 
by  the  action  of  ammonia  on  silicon  chloride,  and 
by  -tmrigly  heating  crystalline  silicon  in  nitrogen 
or  air,  a  white  amorphous  infusible  maas, 
indifferent  to  most  reagents,  although  slowly 
evolving  nTtuiKiiiia  in  moist  air,  which  tJn  y  tun 
eluded  to  be  silicon  nitride  without,  however, 
asoertAining  it«  oompoiition  (Annaien,  104, 266 ; 
no.  248). 

By  heating  crystalline  silicon  with  gas 
carbon  in  a  bla.st  furnace  Schiitsui'nbfrger 
(Coujpt.  rend.  89,  obtained  a  mixture  of 
silica  with  a  green  and  a  white  tnibstsnce,  to 

which  he  a.s.signe«I  the  fnitiiulie  {S  NV  iit  d  Si3N4 
roped ivcly,  the  former  bemji  niM)iui)lu  in 
hydroHuoric  acid,  tho  latter  t^olublc. 

By  heating  crystalline  silicon  in  pure  nitro- 
gen, and  treating  the  white  mass  to  produced 
w  if  h  potassium  hydroxide,  and  then  \\ith  hydro- 
iluorio  acid,  a  rciiidue  ia  obtained  having  tho 


SnJGOH. 
and 


B.p. 

lOS^-IOS" 

-39» 

126"-128° 

113M14* 

14" 

192" 

63" 

composition  Si^X,  (Schfitaenbefrger  and  Oobon, 
Compt.  rend.  93,  1608). 

According  to  Weiss  and  Engelhardt  (Zeitsch. 
anorg.  Cheni.  190!),  G"),  38)  siliooti  be;;ins  to 
combino  with  nitrogen  at  about  1240%  the  rato 
of  combination  inereasing  rapidly  with  lite  of 
temperature.  The  bulky  amorphous  produot 
consists  of  nitrides  mixed  with  siUcon. 

SlUfiOn  mODOnltrMe  SiN  is  the  residue  re- 
maining when  the  produrt  is  1  oile<l  with  a 
mixture  uf  nitric  and  hydrotiuoric  acids  and 
then  ignited  and  vrashed  with  faydroehloirie  acid. 
It  is  idiite  and  of  sp.gr.  3*17. 

SniMIl  seMpilnlnMe  Si,K,  is  obtained  if  the 
crude  ]»iriduct  is  boiled  first  with  jK^tns.-iuni 
hydroxide,  and  then  with  hydrotiuoric  acid. 
It  still  contain.^  silica  whidi  cannot  be  removed. 

Its  sji.lt.  i  -       ! . 

Trisilico-tetranitrlde  SijN,,  sp.gr.  3*44,  is 
formed  when  silicon  is  heated  in  nitrogen  at 
1300M400%  until  satoiated,  and  is  only  diigbUy 
decomposed  by  treatment  with  potasahmi 
hydroxifle,  hydrofluorie  ac  id,  or  a  mixture  of 
hydrotiuoric  and  nitne  acids.  The  other 
nitrides  are  readily  attacked.  The  sesqui- 
nitritlc  is  converted  hy  ihe  latter  mixture  into 
the  raononitridc  (v,  also  Siliconimide). 

By  heating  silicon  in  the  flame  of  a  coko 
tire  a  substance  having  approximately  tho 
formula  Si,C,N  is  formed  [I.e.). 

SiUconamide  Si(NH,)4  is  the  fir-t  product 
obtained  in  the  reaction  between  benzene 
solutions  of  silicon  chloride  and  ammonia 
(I.cngfielf!.  Anif r.  Hiem.  J.  1899,  21,  531  ;  r. 
uL<o  Kuti,  Bit.  ly08,  41,  3744).  It  is  a  white 
solid,  easily  losing  ammonia  and  yielding 

Siliconlmlde  (SiNlI)..  Tlie  jiroduct  usually 
isolated  is  SiCl^'bNHj,  wlut-ii,  a*,  u  loses  one- 
third  of  its  ammonia  when  tbrouTi  into  water, 
may  bo  looked  upon  as  Si(NU),'4NH«Cl  (Lcng> 
6eld,  I.e.  ;  r.  also  Gattermann,  Ber.  22.  186). 
It  is  ])!' il  1.1       i.i' iitieal  with 

Silieo-cyanamlde  riil^'NU^  described  by 
Harris  (ClieiB*  Zentr.  1889,  ii.  28S)  aa  obtained 
from  the  action  of  diy  ammonia  upon  ailicon 

chloride. 

According  to  Blix  (Ber.  1903,  36,  4220) 
Si(£iU)|  is  &l6o  obtained  by  the  action  of  liquid 
ammonia  on  silicon  thiochloridc.  When  heated 
toOti'i    I'  ]    I    atuTnonia  and  leaves 

Silicon  nitrimide  SijNaU  (c/.  Schiitzcnbcr;^er 
and  Oolson,  Compt.  rend.  92»  1606),  which 
further  loaea  ammonia  at  I200*-1900^  Icaviag 
Si,N,. 

SiUco  nltfOfMl  hytfride  SiTi :  N  is  the  product 
obtained  by  %'ashing  with  liquid  ammonia  the 
powder  obtained  from  the  action  of  dry  ammonia 
<li!uted  with  hydixigcn,  on  silii  m-i  hli'roti»rm  at 
—10''.  With  water  or  potassium  hydroxide  the 
following  qnantitatiTO  reaction  takes  place— 

SiH :  N+4KOHB8i(OK)«+NH,+H,. 

it  iiM-  esses  the  reducing  properties  of  hilico 
t'ornue  anhydride,  and  is  converted  by  dry 
hydrogen  cUoride  at  300°  into  silico-chloroform 
and    ammonium   ehloride   (Rvff,   Albert  and 

Gei>el.  B<  r.  HHjS.  3S,  53). 

Thi  >  c  tSijXaCL  is  fornie<l  as  a  white 

powder  when  the  pro<hiet  ot  the  reaction  of  dry 
ammonia  upon  silicon  chloride  is  heated  to  redness 
in  a  eurrent  of  hydrogen.  On  heating  this  to 
redness  in  a  current  of  ammonia  it  loses  chlorine. 
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and  is  convert'  1  info  Si^XjK  (SchStiealwiiufr 
and  Cbkon,  Cumpt.  ruiid.  luU8}. 

Sn.Tro3T  AND  Cabboit. 

SUloon  earbide  v.  Cabbobukduh. 

Silloon  diearbUe  SiCg  is  formed  by  paasuig 
ethylene,  or  hydiof^  Mtimt«d  with  benzene, 
over  silicon  heated  to  wfaHeneM  in  a  porcelain 
tube.  It  is  not  attackt'd  by  acids,  nor  by  oxygen 
or  chlorine  at  red  heat,  but  is  decomposed  bj 
fosed  potaaahun  ]iydTOzida»  or  a  mixtnie  of  lead 
oxide  and  chiostata  (Ooboii»  Gbiupt.  rend.  M, 
1316,  1526). 

OVycarbides  of  tho  formuhe  SiCO.  SiOOt, 
SiCO,,  Si,C,0,  Si,C,0.  Si,C,Ot.  »nd  81,0404 
bavp  bppn  prepared  (Colson  and  SchfitRenbcr^ter, 
•friV/        ir  's  :  Colson,  ibid.  !»4,  131(5,  ir>2t>). 

Siloxicon,  The  commeroial  name  for  tho 
jnodnot  obtained  hy  Aeheeon  in  1899  by  eleetri- 
cally  heating  topothrr  graphite  and  uica.  Is 
»  mixture  of  silicon  carbide  and  oxycarbides. 
It  is  highly  re£tactor>%  and  eminently  suitaUe 
for  resistant  crucibles,  firebricks,  funmre 
linings,  &c.,  but  is  not  now  used  to  any  extent 
(J.  Soc.  Chem.  Ind.  1910,  246). 

A  sample  gave  on  aualyius— 

Si,C,0,  71-39  p.c. ;  SiOOj,  10"8l  p.c. ;  SiC 
r»  Sl  p.c.  ;  graphite,  lO  OG  p.c.  ;  Fc,  1-07  p.c,  ; 
impurities,  0-^  p.o.  (Spiclinaun,  tbtd.  1905,  24, 
6M). 

The  avbglanfrs  Si^CjS  and  SijCsN  have  also 
been  described  ((,oiM)n,  Compt.  rend.  94,  131C, 
152)i;  fichtttienbeiaer  and  Oolson,  AhL  92; 
1508). 

flUeon  fMoefmate  -wm  obtained  by  Miguel 

(Ann.  Chini.  Phys.  lS77,rv.l  ii.  343)  by  heating 
lead  thiocyanali;  with  dilicoa  tctrauhlonde  to 
about  350°.  Roj-nolds  (Chem.  Soc.  Trans.  1906, 
397)  obtains  a  Ix'tter  yield  l>y  lioating  100  grms. 
of  the  dehydrated  and  |juwdered  salt  with 
17  gnnSt  of  alicon  chloride  m  400  c.c.  of  benzene 
on  the  water- bath  with  refloz  condenser.  The 
hot  liquid  is  filtered  and  after  distilling  off  a 
]Kirtion  of  the  benzene,  cr\ stallisod,  m.p.  143  S'', 
b.p.  314-2°.  SUble  at  red  heat,  v.d.  269° 
{Si(SCN)4  260).  Its  stability  showa  it  to  be 
8i(SGN)«  rather  tbaa  Si(NC8}«. 

Silicon  and  Pbosphorus. 

Silicon  phosphide  is  formed  according  to 
Gewecko  (Annalen,  1908,  361,  89)  by  the  action 
of  phosphino  upon  siticnn  chloride.  See,  how* 
ever,  JBeeson  under  HUicm  chhfridc 

VBBmn  phosphate.  When  ;)reci])itated  mliea 

is  dissolved  in  fii«cd  mrtnpbo.'-jtliorie  acid,  and 
the  mass  extracted  wath  water,  trani«{>areiit, 
colourless  oetehedTa  are  obtained,  Hp.gr.  3-1, 
which  scratch  g1a.«s,  and  melt  on  platinum  under 
t  he  blow-pipe  to  a  glass  which  does  not  dcvitrify 
on  cooling;  formula  Si02*P20g.  It  exists  also  a.s 
hexagonal  crystals  and  moncwlinic  pri.sms.  nnd 
also  in  the  hydrated  form  SiOiPjO^.ihjO 
(Hautcfcuillo  and  Margottet,  Compi.  rend.  96, 
1052  ;  99,  780  ;  104.  50). 

Sif.if  (t.v  .^\'T)  BonoN, 

Silicon  iribonde  and  silicon  hexaboride  are 
■ptmiuerd  by  bi  iiiiug  1  part  of  boron  with 
parte  of  siiioou.  electrically  in  a  clay  cruciblo  for 
abont  a  ndnutc.  The  residue  alt«r  treating 

wilh  a  mixture  of  nitric  and  hydrofluuric  ar  id-., 
then  with  hot  potassium  hydroxide,  and  liually 


witli  dilute  nitric  acid,  viclds  the  t^^•o  boi 
SiB.and  SiB,  with  m-W  p.c.  of  the  latter. 

Tbe  hexaboride  is  readily  oxidised  by  boiling 
nitric  acid,  while  tho  triboride  is  verj-  slowly 
attacked,  but  the  Istt^T  is  decomposed  by  fmted 
potassium  hydroxide,  which  loaves  the  former 
unchanged.  Thus  both  can  be  obtainod  in  pure 
condition. 

SiB,  forms  black  rhombic  plate.'*,  ^^.^T.  2-32. 
SiBc  forms  black  opaque  irregular  crystals, 

Sp.gT.  MT. 

Both  are  decomposed  by  fluorine  on  warming, 
and  by  chlorine  and  bromine  at  a  higher  tem- 
perature, but  not  by  iodine  or  nitrogen  or  by 
halogen  acids.  They  are  snperfioially  oxidised 
in  air,  and  roadily  decomposed  by  potessinn 
earlxpuato  ur  tu.>.io!i  mixture  (MoisSSIl  and 
^tock,  (Jompt.  read.  1900,  X31,  139). 

SUieon  distUphlde  ^i&t  M-as  first  prepared  by 
BeraeUufl,  by  the  union  of  snlphiir  and  amorphouB 

silicon. 

It  is  produced  by  passing  the  vapour  of 
carbon  disulphido  over  a  mixture  of  silica  and 
lampblack  inade  into  balls  and  ignited,  and  is 
deposited  in  the  cool  parts  of  the  tnbo  in 
asU^tiform  needks  (IVsmy,  ibtn.  Chin.  Ibys. 
[3J  38,  314). 

When  dry  hydrogen  sulphide  is  passed  over 
crTKtallif^ed  silicon  at  a  red  heat,  fine  white 
nefnlles  of  tho  diiinlphido  arc  ]>roduc€d.  A 
yellowish  sublimate  is  formed  at  tho  same  time, 
probably  consisting  of  SiaSt  (B  batier»  BulL 
Soc.  chim.  [2]  38.  153). 

It  is  fi  i  tni  ;;  In  ihi  < Ii  i ^ inipo.sition  of  flilioon 
thiochloridc  (Blix,  Bcr.  1903,  36,  4218). 

Fielding  (Trans.  Fsrsday  Soc.  1900,  5,  110) 
obtained  it  in  an  impure  .state  by  heating 
ferruoilicoii  witli  fcrruui>  t>ulphidc  in  a  vacuum. 

It  is  best  prepared  by  heating  amorphova 
silicon  M-ith  three  times  the  quantity  of  snlphnr 
at  150°,  and  afterwards  at  a  red  heat.  It  is 
purified  by  subliming  in  a  porcelain  tnb<'  under 
reduced  pressure  (00  mm.)  (Hcmpel  and  Haasy, 
Zeitsoh.  anorg.  Chem.  23,  32). 

When  pure  it  is  obtained  in  white  needle- 
shaped  crystals,  which  sublime  unchanged. 
It  decomposes  rapidly  in  contact  with  moist 
air.  forming  hycirogen  sulphide  and  silica. 
^Ucuhul  aud  ether  ad  upuu  it  ui  the  cold.  Nitric 
acid  decomposes  it,  with  separation  of  sidj>hur, 
and  formation  of  silicic  anfl  sulphuric  acids. 
Hydrogen  baa  no  action  upon  it  (Fremy).  It 
combines  readily  with  sodium  .sul])hi(le  (fleinj>cl 
and  Hassy),  and  with  potassium  sulphide  (Ber- 
zelius). 

Heat  of  formation— 

Si  (amorph.)+Sj  (solid)-  Si.'^.  f  40400  cal. 
Heat  of  decomposition — 
SiS,+U.O  evolves  38800  cal.  (Sabatier, 
Compt.  rend.  90,  819). 

Silicon  monosulphlde  SiS  is  obtained  as  a 
yellow  sublimate,  ti^cthcr  with  auother  yellowish 
su  b^tance,  an  oxysu^hidoSiSO,  on  passing  carbon 
diuulphide  vajxair  nvcr  piliron  at  a  A\hiti'  heat. 

If  the  confi  Ills  ui  the  luln;  arc  mated  with 
]M>ta.sh  and  hydrolluoric  acid,  a  gr»H>ni8h  powder 
.is  obtaiued  lia%'iu^  the  eoniin).sition  Si4C48, 
I  which  is  converted  into  SijC^Oj  by  heating  in  a 
current  of  oxvgen  (A.  ('<>1<-'<i).  Bull.  Soc.  chim. 
i  [2]  38,  56  i  Uimpt.  ceud.  94,  1526). 
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In  addition  to  SiSO  another  nxy.<\il])hi(lc 
SiSOg  hais  been  inve^itigatocl  (iiatikm  aud 
Bevington,  Chem.  Soc.  Proc.  1908,  131). 

Tainbi  (Atti.  R.  Accad.  T.inct  j,  1910.  [v.]  19, 
ii.  294}  by  heating  fcirosilioon  and  Huiphur  in 
M  elciotrio  furnace,  and  Kubliming  the  grey 
niM  BO  formed,  obtaioed  the  monosuiphid^  id 
fiW  forma,  M  ft  black  vitreous  solid,  and  as  a 
yellow  powder.  Either  form  gives  Ixifh  on 
sublimatiuu.  The  black  variety  is  ut  np.gr. 
1<863.  Both  forms  are  decomposed  by  alkalis 
anfoUowH:  SiS+2K()H  =  Si(),^K,S4-il2;  and 
with  water  they  evolve  hydniL't  ii  BulphiJt!  and 
Imvc  rewidues  of  uncinain  C(itnjK»it  ion. 

A  ^ico-hydric  sulphide  8i|H,S(,  corrMpond- 
ing  to  the  oxyeen  c«imi>omul,  is  formed  by  the 
action  ut  aijiU'uus  siilphurmis  m  id  mixed  willi  a 
little  hydrociiloric  acid  uynm  calcium  ;iiilicidc 
(WShler.  Aniwlfln,  127.  257). 

A  nuJphochloride  of  silirnn  was  obtaintnl  by 
Pierre,  who  gave  it  the  formula  SijSjC'I,,  by  pa«*- 
ing  a  mixture  of  ^iliccMI  chloride  va}>our  and  dry 
8ulphurett«*fl  hydrogen  gas  through  a  red-hot 
]K>rcelairj  tulx*,  diMtilling  the  product,  and  collect- 
ing >\hat  passed  over  ftt  90'-100'  (Pierre, 
Annalen,  69,  73), 

Friedel  and  Ladenbnrff  amiign  to  it  the 
name  mHion  rhl(>ru.iH! iifn/ifrnh  and  tlio  furrntda 
HK-'ljSH  i»r  ifduu'  uu  rcti pUiu.  It  in  u  ttjluurlL't>.s 
liquid,  b<jiling  at  9(5",  deeomj)osing  rm  expo.sure 
to  the  air  int(»  hydrochloric  and  Hulphyriric 
acidn  and  silica.  With  alcohol,  in  the  pn>iK)rtion 
of  3  mols,  alcohol  and  1  mol.  of  the  lx»dy.  it 
forms  {iiiSU(OC}H«>.,  but  an  exi;f>H>;  of  alcohol 
ooQTerts  it  into  siliefc  ether  Si(C,H  ) 

With  bromine  it  forms  a  trichlorobn»mi<le 
(Firie<lel  and  Ladcnburg,  Ana.  Uhim.  Phys.  [4] 
27,  41G ;  V.  also  Bull.  Soc.  chim.  [2]  7, 472). 

At  his/her  temperatures  the  action  of 
silicciii  ckloride  on  hydrogen  sulphide  gives 
silicon  thlochloride  SiSClj,  which,  crystalliseil 
from  ohloroform,  melta  at  76°  and  boils  at 
02*/22*ff  mm.  It  decomposes  on  boiling  into 
8iS.  and  SiCI^,  and  with  liquid  ammonia  glTes 
Si(NH),  (Blix,  Btr.  V.m,  36.  4218). 

It  is  also  formed  along  with  SiSf  by  passing 
chlorine  and  sulphur  chloride  vapotir  over 
crystalline  silicon  at  bright-red  heat,  it  can  be 
sublimed  in  a  current  of  dry  air  at  100^  (Besson, 
Compt.  rend.  113, 1040). 

SlHotm  fUobromUe  BiSBr,  is  obtained  Irom 

silirrm  l>riiini(l('  and  hydrogen  sul|i!ude  at 
150"*  m  pn»miK'e  of  aluminium  bromide,  m.p. 
W*,  b.p.  1607 1 8-3  mm.  Dry  ammonia  in 
benzene  solution  yields s»jtooiil&toitfieaSiS(NU,)« 
(Blix,  I.e.). 

Silicon  sdenlte  SiSe^  is  produced  by  paaeilng 
dry  hydrogen  eelenide  over  crystalline  silicon 
at  a  nsd  heat,  as  a  semi^metallic  lustrnuii  bard 

riAss  w  itli  an  irritating  odour.  It  is  df  i  (ini|MVM  d 
hy  «jld  water,  more  readily  by  potash,  evolving 
hydrogen  selenidc.  It  is  oonvcrted  by  oxvgen 
at  a  red  heat  into  silica.  selenioTis  anhvclride 
and  selenium  (Sabatier,  Compt,  rend.  113.  132). 

Wohh  r  (  Annalen.  127.  257)  describe  com- 
pounds  of  selenium  attd  tetlurium  analogous  to 
the  8ilicr>-hy«lric  Hulphidc  describod  above. 

UETAU.IC  SiLiriPKS. 
Mairiiesium.  t-ulciiiin,  strontium,  and  barium 
reduce  the  oxide  with  formation  of  siliei  l.-. 
CkystaUiue  silicidcti  have  been  prti)arcd  iix>m 


iron,  chromium,  niekol,  cohalt.  manganese, 
copper,  platinum,  and  other  metals,  usually  by 
direct  union  of  the  elements.  Of  1^  heating  the 
metal  in  .'•ilieon  chloride  vapour. 

Pot^iisisiuui.  sodium,  aluminium,  zinc,  leail, 
tin,  bismuth,  antimony,  gold,  and  silver  dissolve 
it  when  in  the  molten  state,  but  re-depostt  it  on 
cooling,  ^nthout  forming  compounds. 

Lithium  Sillcide  Li<,Si,  i-  remarkahle  in  tliat 
witli  timeentrated  hydrochloric  acid  silica- 
luxnne  Si,H,  is  evolved.  Dilute  aoid  givce 
hvtlrogen.  Hente<l  in  flry  hydrc»g«'n  chloride, 
lithium  and  silicon  chloridcsi  arc  forni(Kl  and 
hvilrogen  liberated  (Moissan,  CbmpL  remL  I90I2, 
135.  1284). 

Calcium  sUIcIde  ('a8i«  wa^  obtained  by 

^^"ohK■r  f>y  heatiiij.'  tot.'('iher  ji  i]  liMuidal  silicon 
(3(M[|  grra-H.),  calcium  chloride  ^3000  grms.),  and 
sodium  (300)  grms.  oovered  witn  another 
;i50  crmf.  «if  .sodiiini.  and.  lastly.  \nth  a  lay«  r  i<f 
common  salt,  in  a  covered  crucibk-,  to  brigiit-re<l 
heat  (Annalen.  126.  2.')7).  It  is  thus  obtained 
as  a  button  with  metallic  lustre,  lead  grey  colour, 
and  scaly  crystalline  structure,  crumbling  on 
esqxi.surc  to  air. 

It  is  also  formed  by  boating  silicon  and 
lime  in  M)  ordinary  fumaoe  with  ealoium  fluoride 
i>r  ehloridc  as  tlux  (OoMschmidt.  1).  W.  V. 
UHili)3),  or  with  carbon  in  the  electric  furna<  e 
(de  Chalmot,  Amer.  Chem.  .1.  1896.  18.  o3t>). 
With  water  ancl  dilute  acids  hydrogen  is  evolve<l, 
but  little,  if  any,  silicon  hydride  (t*.  however, 
Bmdle\  .  (  hem.  NeiFS.  82,  140;  Chem.  Zentr. 
1900,  ii.  890). 

According  to  Le  Cliatelier  (Bull.  Boo.  chim. 
1897.  [iii.]  17.  7!'3)  it  exi.Ms  in  two  varieties,  the 
first  hcarir«ly  attackt^l  by  concentrated  nitric 
acid,  and  leaving  a  yellow  silicone  on  treatment 
with  hydrochloric  acid  ;  (he  sefimd  readily 
attacke<l  by  nitric  aci<l,  axid  giving  a  whito 
re'-ifhie  with  hydrochloric  acid.  Usually  a 
mixture  of  these  residues  is  obtaine<l,  the 
comiK)8ition  of  which  varies  from  Si^O,!!,  to 
SijO^H^. 

Tricalcium  dmltcide  (.'a,Sij  is  described  bv 
Uackspill  (ibid.  1008,  [iv.]  3,  619)  a^  lx>ing  ob- 
tained by  compressing  a  mixture  of  calcium 
filings  and  powlered  silicon  into  a  calcium 
( \  iinder  enclosed  in  one  of  iron,  and  heated  to 
1000*^  in  a  oorcelain  tube.  Ezoess  of  oaloium 
is  removed  by  sugar  solution,  and  the  slender 
needles  <>!  the  >iliei<le  washed  with  alcohol  and 
ether,  sp.gr.  l  t>4.  This  siUcide  is  attacked  by 
halogens  in  the  cold,  and  by  oxygen  at  re^l  heat. 
Dilute  acids  eivc  spnntanwm.Hly  inflammahle 
hvdride,  as  M'ith  iiUimui  silici<le  (e.  also  ilomg- 
schmid,  M()natsh.  liiOO.  30.  497). 

ISeveral  allov.'^  have  been  preimred  by  Tamaru 
(Zeitsch.  amjrg.  Chem.  IOCK».  62,  81). 

Strontium  sUicide  SrSi ,  is  i.repantl  like  the 
corn-spondinc  calcium  eonijiound,  but  acoonling 
to  Bradley  (l.r.)  differs  ir  un  the  latter  in  that 
no  ■ 'I I'  M  ■v-  i  \  Ir-ne  i-'  e\-riKcti  •xs-ith  firids. 

Barium  silicide  iiaSj^.  Barium  peru.xttle  and 
silicon  H'uct  violently  when  the  action  is 
initiated  by  means  of  a  fuse.  With  50  parts 
BaO,  and  15  partii  Hi.  a  barium  Hilicide  oontaming 

]>.>  .  M:\  nlitained  (Askenasv  and  F^onnai^ 
Z<  a>.  h.       kuoehem.  1908,  14,  810). 

liarium  chloride  (and  also  other  «lifBcu]tly 
f'hlorides.  as  those  of  calcium  an<l 
UKingaue.st)  give  the  siliciUo  when  heated  with 
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silicdii  ill  (ho  cL'olrlc  fiiriiace  'Tiins.-jt  and 
Mewcs,  D.  K,  P.  IfiTlO).  They  yield  hydrogen 
fliUcido  vitli  dilnte  or  oonoeotmtea  hydzodilorio 
jusid. 

Ma^esium  sUlcide.  Acconling  to  Wdhlcr 
(I.e.)  when  masnniiuni  chluride,  acxlium  ohkwide* 
8odium  siliconuoridc,  and  metallic  sodinin  are 
fused  loffethcr  for  the  preparation  of  silicon 
hy<lri<lc.  iho  masH  contnins.  nosidoH  free  silicon, 
two  ma^Deeittiii  itiUcidcs,  one  of  which  vicl(L< 
silicon  hydride  with  aqoeow  ammonittm  duorido 
or  hydroi^hlnric  nciil,  wbilst  th6  othcr  3ield8 
hvdn>ai^»  and  fiilica. 

Jx-htau  Mid  Boflsnet  (Ber.  Mctalluipe,  1909, 
6,  272).  however,  aa  a  rc«ult  of  microscopic 
examination  of  the  various  products  obtained 
by  heating  maifnesium,  alont-  ami  with  silicon 
under  potawium  ;siltootluohdc»  «tate  that  only 
one  silieide  Mg  ,8i  exists  ( r.  further  Winokler,  Ber. 
23,  2<U2).  It  "is  of  slate-blur  c  nl,,ur.  sp.Err.  2. 
tlceompoaes  cold  ^\at♦>r  slowly  with  lii>eration 
of  hydrogen,  an«l  w  ith  <lilute  hydrochloric  acid 
yields  a  mixturo  of  hydrogen  and  silicon  hy- 
flrides. 

It  is  altio  prr]<iii  i'  (MoiHMin  and  8mile8, 
Ann.  Chim.  ¥hys.  7,  6J  bv  heating  to 

redness  a  mixture  of  sUioon  ana  magneMium 

Kwder  ill  a  |K>rcclain  tube  in  a  curniit  of 
^droucn,  but  is  most  convenif^ntly  obtained  in 
a'oruae  form  by  heating  a  mi\t  up  of  sand  and 
magneninm  powder  in  tlu  requisite  proportions 
{v.  Silicon,  I'ri juirulion  of),  ni.p.  1102"  (Vdgel, 
Z(*itsch.  anorg.  ('hem.  1909,  HI,  46).  Kutectics 
«re  formed  with  48  pwc.  and  4  p.c.  of  siUoon 
respectiTely. 

Copper  siliclde.  Three  pwductH  with  flifFerent 
silicon  content  were  obtaine<l  by  DeviUe  and 
*  Caron  (Annalcn,  104,  232 ;  Ann.'  (Iiim.  Fhys. 
[iii.]  67.  455).  but  were  not  ilefinite  compound.H. 
(JUjSi,  (de  Chahnot,  Amer.  Chem.  J.  ISWJ,  18. 
95:  18!t7.  lit.  1  ls)nnd('UsSi(V^igouroux,Cbmpt. 
lend.  1896,  122,  318)  have  also  boon  dcHcriUHl, 
bat  according  to  Lebeau  (Md.  142.  154)  oidy 

Cuprou'f  silieidf  ("u^Si  exist^s  any  cm  i  w  of 
silicon  being  imoombined,  aud  in  a  form  imioluble 
in  hvdrofluorio  add  (c/.  Hoissan  and  Siemene, 
ibid^\\m,  1.38,  12ft9). 

The  freezing -point  curve  for  Cu  and  Si 
Hho  W.4  only  one  maximum  (at  800**)  corresponding 
to  Cu^Si. 

Tt  is  obtained  bv  fusing  together  solieon 

flT  parts)  iukI  <'1('(  t  n  i[yt  ic  i-n|)(»cr  ('.«>  parts)  in  a 


vurrt-ut  of  hydruuen,  aiid  extracting  the  uncom- 
bined  silioon  ymtk  6  p.e.  sodhtm  carbonate  {v. 
also  VigouDux-,  ibid.  1907,  144.  1214  :  l»hillip8, 
Metallurgie,  1!JU7.  4,  587,  61.1).  It  is  silver- white, 
turning  brick-re<l  on  exposure,  8|i.gr.  7*48 
(Vigourcmx,  Compt.  rend.  1906,  142.  87). 

Cementation  of  copper  tuminfis  can  be 
effected  at  7<N^  with  absorption  of  9*66  p.o.  ni 
stiioon. 

A  dark  copper-coloured  silieido  is  said  to  be 

forme<l  when  <  ii|i)><t  .sulphaU.-  is  (  ijiitftti  d 
with  ailictm  hytlndc.  It  in  readily  oxidiscMi, 
and  is  deconi)x>M'd  at  once  by  nitricactd.  bilioide^t 
of  silver  have  Ikm-u  di  scrilMMl.  but  aoconling  to 
Arrivaut  (CVjmpt.  reml.  I!N)S.  147,  Hri9J  are  non- 
exixtenU 

Aluminium  and  silicon  do  not  combine, 
though  mbioibte  in  all  profMirtions  in  the  fused 

Ktatr.  The  cnt.  ctii:  (lO  i.,<  .  Si>  mfltn  at  576° 
(Miuct,  ibid.  112,  1215;  Kie^er,  (Jhem.  Zeit. 


1908.  32.   1161  ;    Fraenlnl,  Zeitsoh.  anocs. 

Chem.  1908,  58,  154). 

It,  however,  forms  double  mlioides  with  a 
number  of  other  metals  (I^^vy,  Compt.  rend. 
106,  60;  Vigouroux.  ibid.  U\,  961;  Manchot 
and  Kieser,  Annalen.  m\A.  S?,!.  353;  Mandiot 
and  Fischer,  ibid,  1907.  357.  129). 

Tin,  h«/l.  and  thallium  form  no  compounds 
(Tanmru.  Z.  ii  .  Ii.  :i-,ur^.  Chcni.  J!M«).  4(1). 

Titanium  siliclde  Tii5i«  is  produced  from  the 
oxide  or  potassiO'flnorida  with  attkl,  alaninimn, 
and  sulphur,  ignited  by  ft  GMdsohnidt  oaittidge 
(U.S.  Pat.  923,  152). 

ZirOMllllll  fUeMe  ZrSi,  is  prepared  similarly 
(HGiiifrschmid.  Compt.  rend.  1906,  143,  224). 

Cerium  siltelde  CeSi,  is  obtained  together 
with  |)()tas.siiiin  at  the  negative  |K>lf  on  c-k-ttrci- 
lysing  a  f  lued  mixture  of  potassium  fluoride  and 
cerium  oxide,  and  after  remoTal  of  the  potasshun 
with  alcohol,  remains  as  a  brn\ni  jxiwdcr,  in- 
Miluble  in  acids,  which  lnirr>«  with  a  pnldish 
flame  (Ulik,  Chem.  ^  ntr.  1HH5.  10-15).  Pn-pared 
by  fusing  the  oxide  with  .sihcon  in  the  electric 
furnace,  it  differs  from  the  above  in  being 
<lcfinitcly  crystalline,  and  attacked  by  iniiuTal 
acids  with  disengagement  of  hydrogen  (Stcrba, 
Compt.  rend.  1902,  135.  170). 

Thorium  sUleide  ThSi,  is  obtaineil  by  heating 
the  double  fluoride  of  potassium  and  thorium, 
potassium  silioofluoride,  and  aluminium,  ai 
12fH)"  (H.migschmid,  ibid.  1906,  142,  157). 

It  tiusely  resembles  graphite;  .sp.sr.  7*96. 

Vanadium  Silieides.  Two  sili<  i<lc>  arc  knoun. 
VSi,  (Moissan  and  Holt,  ibid.  1902  \U,  78) 
and  VjSi  {thiA,  493),  prodnced  by  heating 
to^M'thcr  vanadium  sesquioxidu  and  silicon  in 
the  electric  furnace.  If  ailioou  is  iu  excess  the 
former  is  obtained,  and  tile  tatter,  produced 
when  exrrss  c.f  \'_,0.,  is  ii.spd,  is  oonvertc<l  into 
the  former  by  hcutint;  with  excess  of  silicon. 
VSij  is  a  brilliant  metallic  crystalline  sulwtanee, 
sp-jgr.  4'42,  harder  than  glass,  ami  fusible  and 
volatile  in  the  electric  furnace.  obtained 
in  iiict:illic  Hilvery  priMmatic  cr\stal«,  «p.<;r.  r)-4S. 
i«  harder  aud  lei«*  volatile  than  VSij.  IJoth  are 
somewhat  refractory  toM-ards  most  reagents, 
but  an*  nnilil\  attacked  hy  hydrofluoric  acid 
(p.  further  Moi.s.siiii  »nci  Holt,  Am».  Chim.  Thys. 
1902.  VII.  -11,  277  ;  Gin,  Electcochem.  and  Met. 
Ind.  1909,  7,  264). 

Tantalum  silioide  TaSij,  v.  H5nigschmid 
(M.-n;r  :,   1<H>7.  L's.  KMTl. 

Chromium  slUcides.  Cr.8i  ui  obtained  by 
heatmg  the  metal  or  its  oxide  with  silioon  in  the 
electric  fumaco  (Moiswui,  0»mpt.  rend.  1896» 
121,621). 

CrjSij  is  obtain<^  by  prolonge<l  heating  of 
silicon  chloride  with  ]nire  chromium  at  12109" 
(Vigouroux,  ibid.  1907.  144,  83). 

CrjSi  (Zctt<  I,  1898,  126,  8:«).  ("r,Si.  and 
Criii,  (de  Chalmut,  Amer.  Cliem.  J.  Iiit97,  19, 
69)  are  all  obtained  by  fusing  copper  and  tho 
requisitr-  iport  ions  of  (hr  luiiir'!  and  silicon 
together  (jjt  Ihhu  and  Filmk  nij>,  (.'ompt.  ren(L 
1110.3.  1.36.  1329). 

Molybdenum  siliclde  MoSij.  sp.gr,  6*2  (Do* 
faci|/,  ihiil.  11M>7,  144.  1424). 

Tuiu'slen  siliclde  W.Si,,  sp.gr.  9-4  {ibid.  H48). 
and  Uranium  siUeide  sp.gr.  8  {id*id,  1908, 
147,  lOliO)  have  lieen  pn-pannl  by  direct  union 
of  the  flements.  or  by  reaction  of  the  vzide  with 
siiioon,  in  the  elcetric  f umaoe. 
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Manganese  slUcIdes.  Indefinite  prodiu-ts, 

containing  O0-13  p.c.  of  silicon,  wtre  ubtaincd 
by  Wohlcr  (Annalon.  106,  54). 

MujSi  i.H  obtAined  by  heatine  together  (I) 
quartz,  man^neee  dioxide,  and  carbon,  (2) 
.'^ili*  on  and  manpane-Hc  dinxiilf,  (."?)  ^iliron  and 
roanganetie,  m  the  electric  furnace  (Visourouz, 
Oomnt.  Mnd.  189S,  121.  771) ;  and  almbyfasing 
an  alloy  of  copper  arnl  silifon  wifti  ninTicT»rtr>sR 
in  the  electric  furnace  (1^  Ixau.  tLni.  lyu,"?,  l."{t), 
89).  The  product  is  purifie<l  by  extracting  with 
niitio  acta,  and  then  10  p.c.  aoda,  yielding 
Instrotu  prismB.  sp.gr.  0-4.  deeompotted  by 
diliitf  h\ ilrufhloric  lu  id.  ^TiiSi,  fnvind  liy 
Omot  and  (iuutal  in  the  residue  left  after  the 
action  nf  sulphuric  acid  on  ordinary  castingii 
(Ann.  des  Mines.  IfHXi.  fix  ]  IS.  271  i.  is  obtained 
a.s  above,  u.<iing  a  larger  pr«>i»ortion  of  silicon. 
Lustrous,  tetrahedral  crystfllg,  sp.gr.  C'9,  only 
slowly  attaclwd  by  hydn>chloric  acid  (Ixlx^au. 
I.e. ;  ilnn.  Ghim.  Fhys.  1004,  [viii.]  1,  553). 
MnSi.  iH  obtained  by  still  further  incrcAning  the 
propt>rtion  of  silicon,  as  octahedral  cryntab,  «p.gr. 
6*24  (I>^))cati.  ibid.  1909. 186,  231). 

The  i  rcfzinp-point  curve  for  Mn,  Si.  shows- 
two  itjaxiiiia,  I orn^jxjndiiig  to  Mn^Si  and 
MnSi  r<-^]><-ctiv(  Iv  ( Doerinclwl,  Zeiteoh.  anoig. 
Chem.  lilOG.  50, 117). 

bon  suicides.  Silicon  is  almoRt  always 
present  in  <  ;v-t  ir>jn,  oN^'In^'  tn  n  diK  tinn  of  .'»ilira 
in  smelting.  In  white  ca^t  iron  the  amount  is 
uenally  O'l  to  O-S  p.o.,  and  in  jrrcy  0'6-8  p.o. 

Fe.Si,  first  de,scr!?ii  d  fi\  Tlal.n  (.\nnalen,  129, 
57),  is  obtained  by  hi  utiiig  mm  with  one-tenth 
its  weight  of  silicon,  or  ferrio  oxide  witli  exoeas 
of  silicon,  in  the  electric  furnace.  After  extract- 
ing M-ith  nitric  acid  (1:4)  tsnmll  magnetic 
|>rl^iii;it ii-  nr  i  dles  remain,  sp.gr.  7  (Moissan, 
Compt.  rend.  1895,  121,  621).  It  ia  also  pro- 
duoed  by  Leleau's  method,  v.  Mn,Si,  and  Gompt. 
r<^v<\.  r^H'.l,  and  by  the  action  of  silicon 

chinrHie  tm  iron  at  white  heat  (Vigouroux,  ibid. 
1906.  141.  828). 

FeSi  WHS  obtained  by  Vanzetti  (Gazz.  chim. 
ital.  1000.  36.  i.  498)  as  a  button  on  licating  a 
mixture  of  coke.  sand,  and  lime  to  300f»°. 

The  existence  of  Fe,bi  and  i»  oontirmed 
by  tbe  frceang^point  cnrve  (OnCTtler  and 
Tannnann.  Zeitsch.  m  i  l'.  Cl:. m.  MiOo.  4»),  163), 
and  ))V  the  macrn  tR-  aJliacUun  turve  (.Tnuve. 
C!bni|>t.  rend.  11H»2,  l.'W,  1577). 

IVSij  {deChalnuit.  Anier.  Ciietn.  Soc.  19.  1 18; 
I^beau.r.mipt.  rend.  1!KH.  133.  lO()H)an(l  I'VSi, 
(Nnske.  (  iH  m.  Z<it.  Il«t3.  27.  481)  are  abo  s*nid 
to  exiat,  but  onlv  in  presence  of  excetw  of  Hilicon. 
Fe,Sij  and  Fer.Si,  are  not  definite  compounds 
(Cnrnot  and  tiimtal.  Conipt.  r<iHl.  125.  148; 
.Tnuve.  Hull.  Soc.  chim.  [3|  25,  2^0).  Cement*, 
tjon  with  .'silicon  takrs  {>lacr  at  050^  (Lcbeau, 
Bull.  Siu .  .  him.  1902,  27.  41). 

{>\  ftalliiif  .silicon  displai  crt  carljon  almu.st 
rompli-tclv  from  cast  iron  as  graphite  (Moissan, 
Compt.  rt'nd.  1894,  119,  1172). 

Nlekel  iQleldes.  M^Si  is  obtatncfl  by  the 
action  of  .silicon  cliIori<lf  u|M»ri  nirki  1,  and  on 

iirolou!.'''!  action  of  the  rhloride  is  chinged  to 
itiHt  (\ iL-ouroiix.  Conipt.  rend.  JIHKi,  |42, 
1270).  (lut  ilit  T  and  Taniinann  (/i-il-rh.  anor:;. 
<  iuin.  lIH'ti.  49.  03)  fr'>m  the  ^i— Si  fri«/ing- 
point  «  urvi-.  intV-r  lh<-  t  xi^tcnco  of  Ki^Si,  Ki^Si, 
]S  13^12.  Niisu  and  Nij.Sja. 

Cotalt  dll«MM.  Silicon  chloride  passed  over 


meUllio  cobalt  at  1200*-1300°  yields  Co,Si 
(Vigouroux.  Compt.  rend.  1906,  142,  635). 
CoSi,  CoSi,,  CoSi,,  and  C<),Sij  are  also  .-aid 
to  exist  (LewkoDja,  2eitfich.  anoig.  Chem.  190b, 
69,  208). 

Pallkdiam  silleldes.  PdSi.  obtained  in  small 
brilliant  bluish-grey  fragments  of  ep.gr.  7*3,  is 
the  only  silicide  isolated,  but  the  Pd-iJi  frcezinc- 
point  curve  gives  tMo  ninximn.  at  1400"  and  990  , 
corresponding  to  6ii'd,  and  fcsiPd  respectively 
(Ubeau  and  JbliboM»  Omnpt.  rend.  1906^  146* 
1026). 

Piatinum  tllteMet.  PtCK  fa  formed  by  direct 

miion  of  plntiniim  ami  >iliron.  (Yy.staHi?cd 
from  molten  silver-silicon  alloy,  the  latter 
being  eubsequently  removed  by  successive 
treatment  \s  itli  -odnnn  h)  droxidcnnd  nitric  acid, 
it  is  obt^iiiH'd  in  line  prisuialic  ciyhUtls,  ep.gr. 
11-63,  m.p.  about  1100°.  After  heating  -uith 
tin,  and  extiactin|[  with  potaanujn  hydbroxide. 
a  residue  of  Pt|8i  u  left  (Lebeau  and  ^ovitzky, 
Conij*!.  rend.  19(»7,  145,  241  ;  v.  n]so  \'i;;oiin>u\. 
i6i<f.  1907, 145,  376).  PtOu^Si  results  on  healmg 
platinum  and  copper  silicides  together. 

A  nnmbf r  of  the  silicides  above  mcntionfl 
may  be  pivjjan  d  by  heating  the  oxide  of  tho 
metal  with  -iIk  on  carbide  (Bandae>Muller»  Rev. 
Met.  1910,  7,  657). 

The  constitution  of  certain  silicidee  is  dj«- 
cusKed  bv  Manchot  (AttnaJen*  190S,  342,  866; 
1907.  357,  129). 

SILICON  BRONZB  v.  Tor. 

SILK.  Silk  «  fm.^i?its  of  a  continuous  thread 
produced  by  a  oalcrpillAr,  the  silkworm,  to  form 
the  cocoon  in  which  it  envelops  itself  before 
entering  the  pupal  state.  There  are  several 
kinds  of  nilkworms.  all  of  which  are  inchided  in 
the  natural  i  'id<T  Lfvidopi<  rn.  The  iininM  rry- 
feeding  silkworms  belong  to  the  family  Hornby- 
ckUr.  and  the  other  kindi^  to  either  tho  Saturnidee 

or  thr  Fiipfrrr^idat.  The  silk  of  ihc  Bumhijcidcr 
is  usually  termed  'true  silk,'  wluL>t,  the  other 
varieties  arc  sjioken  of  as  '  wild  silks.'  Those 
races  which  complete  tbe  life-cycle  only  once  a 
year  are  said  to  Ih)  univoltine,  whilst  those  which 
jMiss  throui.;h  tlf  i\rl.'  more  frequently  arc 
known  as  bi-,  tri-,  quadri-,  or  mulU'VolUne.  Tho 
cocoons  of  the  univoltine  varietiee  are,  as  a  rule, 
greatly  superifir  to  thn.>*e  of  the  other  kinds. 
Among  tho  wild  silkworms  may  bo  mentioned  ; 
Aiiacus  ricini,  the  Eri  variety  of  India;  A, 
Cynthia,  the  Ailanthus  varietv  of  China  aiul 
India;  Anih-tnita  yama-mai,  the  oak-feetiir;g 
silkworm  of  Ja)>an  ;  A,  a^muht  ji  -is,  {he  Muga 
worm  uf  iV«»<am  ;  A.  myiiUa,  the  Indian  tussah 
worm ;  A.  ptmyi^  the  Chinese  tussab  n-orm  ; 
and  various  sjH'cies  oi  .ivaphc,  the  wild  silkworms 
of  Africa  wbicli  f()rm  curious  nests  or  aggrc^a- 
tions  of  cocoons. 

The  fluid  which  gives  rise  to  tbe  silk  fibre  is 
formed  in  two  glands  in  the  body,  and  is  exuded 
thr<»us:h  t\\x)  du<'tH  or  openings  in  the  head  of 
the  caterpillar  into  a  common  orifice.  The 
viMCOtts  stroams  there  become  coated  with  another 
Hccieiioii  which  llows  from  two  other  symmttri- 
tally  placcti  glands  and  thu-s  become  cemented 
toLM  thrr  into  n  d<iubl(-  strand.  On  emerging 
into  the  uir  the  tibre  coagulates  and  Ix'comes  n 
linn,  continuous  filament,  the  '  have,'  composed 
of  the  t\M)  parallel  strands,  each  of  which  i.s 
known  as  a  *  brin.'  When  tho  ^oung  moth 
emerges  from  the  pi>p(^      chrysalis,  it  aoflena 
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the  end  of  the  cocoon  imntediatelv  in  front  of 
ita  head  hy  the  emission  of  a  liquid,  and  then 
fotoes  its  way  out.  In  thus  effecting  its  egress 
it  de8tro\  s  the  continuity  of  the  fibre }  in  order 
to  obtain  the  silk  of  full  Icnprth.  it  is.  thfrpfon  . 
neoeaaaxy  to  kill  the  chrysalis,  and  this  if? 
MMwmplished  either  by  su  anung  the  cocoons^ 
submitting  them  to  ft  dry  beat  of  70''-9O^,  or 
by  frctz.iijg  thum. 

Tho  mulberry  silkworm  {Bombyx  Mori]  is 
probably  indigenous  to  ChinA,  but  baa  been 
introdnoed  into  slmost  every  part  of  the  world 
in  which  thp  nnilberry  tr((>  (Mctnt'f  alba  [Linn.]) 
can  be  grouu.  It  yields  the  best  and  finest  silk 
in  temperate  climates,  where  it  ie  Qflually  univol- 
tine,  although  sometimes  it  may  be  hi  volt  inc. 
The  cocoon  consists  of  an  ontrr.  loosely  woven 
fibre,  the  '  floss,'  enclosing  an  inner,  compact 
portion,  the  'pod,'  the  moat  internal  of 
which  oonsists  of  a  mass  of  closely  agglutmated 
fibre  fnrniiny  n  hard,  gummy  husk.  The  weight 
of  the  cocoons  varies  from  1  to  3  arms.  About 
one>Bixtfa  of  thia  is  silk,  of  which  ftoout  one-half 
can  l>e  unwound  or  reeled  ;  tho  other  hnlf.  con- 
.sisting  of  the  ouUr  lloss  and  tho  inner  husk,  is 
usually  combed  or  cardeti,  and  afterwards  spun. 
ManjT  of  the  wild  silks  cannot  be  reeled  at  all, 
•nd  m  rach  oases  the  whole  of  the  fibre  is  carded 
and  spun. 

Tho  diameter  of  the  raw  8ilk  fibre,  t.^.  the 
donUe  stcand  or  hv^e.  of  the  mulbprrv  silkworm 

is  about  0-020-0-02'>  mm.,  uhilst  that  of  the 
vild  silks  is  usually  much  gruuter  and  varies 
from  0-040  to  0-065  mm. 

Silk  is  a  h3-groscopio  substmce  and  loses 
10-15  p.c.  of  moisture  at  120**.  It  is  a  non- 
conductor of  electricity,  and  is  readily  eloctrifidl 
by  friction  ;  this  sometimes  renders  it  difiicttlt 
to  deal  with  in  maanfaotnring  operatjone,  and 
may  neressitato  the  application  of  glvccrol  or 
.soap  .-oiution.  Tho  fibre  is  cbaractc>ri»cd  by  its 
exceedingly  high  lustre  and  its  great  strength  and 
clastioity.  It  is  also  distinguished  By  the 
]>eculiar  sound  or  '  scroop  *  it  emits  when  pressed 
or  rubbed,  and  to  which  the  weli  known  rustle 
of  ailk  fabrics  is  due.  The  density  of  raw  silk 
it  1'30-1*37,  and  that  of  the  deffuroraed  fibre  is 
1-25. 

It  has  bfc'on  shown  bv  kStmkler  (Annalen, 
1859,  111,  12)  that  the  silk  fibre  oonttists  of  a 
central  core  of  the  pr  tein  fibroin,  coated  with 
another  protein,  the  Kilk-gum  or  sericin.  These 
substances  arc  aecomjianied  in  raw  silk  by 
about  I  p.o.  of  waxy  matter,  a  small  quantity  of 
colouring  matter,  and  a  variable  amount  of 
mineral  constituents,  ranging  from  1  to  6  p.c. 
Tho  iibroiii  constitutes  about  70-75  p.c.  and 
the  sericin  20-i'r>  p.e.  of  the  dry  fibio.  Before 
silk  i8  manufactured  into  teirtilcs,  it  is  heated  in 
a  solution  of  soap  at  95°  in  order  to  remove  the 
sericin,  this  process  being  known  as  *  boiling 
off '  or  '  degumming.'  The  have  becomes 
divided  in  this  operation  into  the  separate 
Htmnrls  or  hrins  of  neiriy  pun-  fibri>in,  uliieli  is 
much  softer  and  mure  lustrous  than  the  raw 
material. 

Fibroin  it*  in.nolublc  in  wn*r  r  ind  organic 
solvents,  but  di.vs(>lvt's  in  couccnlult  d  .solutions 
of  alkali  hy<lroxidc.s,  in  mineral  acids,  in  am- 
mo iaoal  folutions  of  cuprio  oxide  and  nickel 
oxide,  and  in  strong  solutions  of  basic  sine 
chloride. 


Sericin  is  a  substance  of  a  gelatinous  nature  : 
it  di.stiolves  readily  in  warm  soap  solution  or 
hot  water,  and  the  solution  on  cooling  forms  a 
jelly  even  when  as  little  as  1  p.o.  of  the  substance 

present.  On  adding  alcohol  to  a  hot  solution 
ol  serioin,  the  latter  is  prccipdatetl  as  a  white 
powder. 

These  proteins  differ  from  keratin  (the 
protein  of  wool,  hair,  «S:c.)  in  being  free  from 
sulphur.  The  pnnlucts  of  their  hydroly.sis  were 
first  studied  by  Oamer  (J.  jpr.  Chem.  1866,  96, 
97),  who  ohtiuned  serine  nom  sericin.  Weyl 
il^i■r.  1888,  21,  1407)  found  that  if  alcohol  is 
added  to  u  i$olution  of  sjlk-tibroin  m  oold. 
concentrated  hydrochloric  acid,  a  precipitate  is 
produced  which  he  termed  scricoin.  Fischer 
and  Ber^ell  {ibid.  1903,  36,  2592)  have  nhowu 
that  if  tibroin  is  left  in  contact  with  strong* 
hydrochlorio  acid  for  about  24  hours,  alcohol  no 
longer  causes  the  formation  of  a  preoipitaUs 
andthat  on  <  ]  rating  the  solution  in  a  vacuum 
a  residue  is  obtauiad  containing  the  hydrochloride 
of  a  peptone.  When  this  pe]>toiie  is  digested 
with  trypsin  it  loses  tyrosine  and  becomo-i  con- 
verted into  iflvcyl-d-alanine.  Fischer  untl  x\b- 
dcrhalden  (und.  1907,  30,  574)  subsequently 
isolated  another  dipeptide,  glycyl-!-tyrosine, 
and  a  tetiapeptide,  ronsisting  of  two  glycine, 
one  alanine  and  one  t  v  rosit  e  n  sidues ;  this 
tetrapeptidc,  on  partial  hytlrolysis,  yielded 
glycjM-a-alanine  and  gI\cyl-/-tyrosine.  Abder- 
lulld.  ti  fZ-iT  r  h.  '"-iol-  CVni.  inil.  12.  1) 
obtaua-U  a  trnM-pti(ie  from  thts  hydrolysis  ot 
fibroin,  viz,  rf-alanyl-plycyl-/-tyrosinc,  which 
was  probably  formed  from  the  tetrapeptide. 

Abderhaldcn  and  his  co-workers  have  carried 
out  a  seriea  cjf  hyiirolyses  with  the  object  of 
ascertaining  whether  the  filaoias  of  different 
kinds  of  Mk  from  different  sources  and  from 
flifTerent  insects  show  differences  in  composi- 
tion. The  results  of  these  invcbligatioiis  arc 
stated  in  the  table,  page  084,  the  figures  repre- 
senting p«'rcentage8  of  dry  silk  tioroin  after 
deducting  the  a4*h  and  the  non-hydrolysable 
portion. 

Abderhaldcn  (Zeitsch.  physiol.  Chem.  191  J, 
74, 427)  has  shown  that  Anapbe  silk,  on  hydroly- 
sis, yields  a  relatively  large  proportion  of 
tyrosine  and  (onsiderablc  quantities  of  glycine 
and  alanine  :  aspartic  and  glutamic  acids  are 
sK)  pro<iuce(l,  together  with  trnecf^  of  leucinr 
and  pioUnc.  The  composition  of  thiii  silk  m 
thereiore  similar  to  that  of  tho  other  varieties. 

Jt  is  evident  from  these  results  that  silk- 
fibroin  is  mainly  composed  of  three  amino  acid 
residues,  viz.  those  of  fjlycine.  alanine,  and 
tyrosine,  whilst  the  other  constituent  amiuu 
acids  are  present  in  relatively  small  proportions. 
The  fibroins  of  tho  various  kinds  of  silk  possess 
a  clo.'^e  similarity,  but  are  not  identical.  Some 
varieties,  such  as  Italian  silk,  vicid  large  quan- 
tities of  glycine,  whilst  silks  ol  the  wild  typos, 
such  as  the  tussah  silks,  give  a  much  smaller 
proiK>rtion  of  this  substance. 

The  hydrolysis  of  sericin  has  been  stu(lie<l  by 
Fischer  and  Hkita  (Zeitsch.  physiol.  (.'hem.  1901, 
33.  221),  and  more  re(;entlv  bv  .Abderhaldcn 
and  Worms  {Hid.  I!KI9,  02.' 142)  and  Strauch 
(»6i</.  1911,  71,  3<»r»),  who  obtained  the  foUow- 
ing  results  which  show  that  the  composition 
of  this  protein  differs  greatly  from  that  of 
fibroin. 
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For  further  information  on  silk  reference  fhoiild 
be  made  to  Matth.  w    Textile  Fibres.     K   '  ■ 

SIUC,  ARTIFICIAL  LUSTRA  CELLULOSE* 
nr  </BLLnLO-IILK.  Thme  products  are  in 

]M  11. till'  ]>rrj>.in(I  from  Miliitiuiis  of  organic 
colloidis  hiicli  tt«  (H'llidosie,  and  for  the  chemistry 
of  their  prepnratitin  reference  nmst  Ik?  made  to 
the  general  artiri.-  <m  ('KXtCLOSE  in  Vol,  1. 

fiistor;/. — In  ll'.ii  RoAumur  BUggesti-d  the 
manufacture  of  filaments  in  take  the  place  of 
thoHO  produced  bv  the  silk  vonn.  Tn  185.') 
AndormarR  actually  patented  tin  j  r<  tluction 
of  -m  il  tlirea4l.s  or  HlamcntH  from  a  .nolution  of 
uitrocellulnse  (Kng.  Pat.  2H3,  1855).  A  Bttacl 
point  iniH  dip|H'<l  into  the  dilution,  and  a  thread 
drawn  from  th»-  liqniil.  Thr-  fhrcnfl  wuh  con- 
nccte<l  with  a  v^iijiliii^^  luarlnne  liv  which  it 
was  drawni  out  until  the  liquid  wan  exhauHt*^!. 

In  1882  WeKton  claimed  the  denitiation  of 
nitroceHufose.  tiding  such  r<>airentj«  as  atnmoninm 

(mlj)li;.l.  in,-  J.lirjXr-  !  Kll-.  I'.it.  4458,  1H8-Ji. 

In  1884  the  liiret  workable  procesit*  wa«  pro- 
tected by  de  Ohardonnet  ( Fk*.  Pat.  I«5349).  The 

apimratiix  ns  originally  u.-^ed  is  .shoxm  in  a  ]»hotn. 
graph  published  in  a  Inwik  by  Filtwr  in  HK(3. 

In  this  proocx.s  jets  take  the  place  of  the 
fiteel  |)oint,  the  Hulutkm  being  forcml  thmuKb 
them  at  great  pmiRuro  into  vrarra  air.  Fine 
tilanii'ii!-  mi:i\  \h-  drami  off  uiid<T  tbcsr  rir<  utii- 
8tancei<  and  the  Mtlvnit  (iiloohol  clhcr)  partly 
recoTW<l  from  tln'  air. 

Th\  V'wu  r  in  1SS{>  proditf^t  'l  n  ]in>duct  which 
was  praciicaliy  identical  with  that  of  dc  L'lwr- 


donnot.   In  1892  Lohner  also  patented  certain 

ni'ifbtlf  .itiiins.  and  claimed  t<»  be  able  to  work 
with  much  lt)\\cr  pr<?S}»uro  at  the  jet«  (Fr.  Pat. 
221901). 

A«  the  rcKult  of  these  investigations  yartifl 
made  in  this  manner  came  into  the  market  and 
<  re  used  for  the  pnKluctjon  of  braidH,  &c., 
and  at  Bcean^n  in  France,  Tubix  in  Belgium, 
and  in  Germany,  Switseriiknd.  and  Hungary, 
this  product  wan  mannfdt  lnn  d  in  in<  n  a>iMS5 
quantities.  An  attempt  to  work  this  prv-cos  in 
this  country  failefl. 

Sine*!  that  time  many  improvements  in  tho 
manufacture  of  tilaiiients  by  this  process  have 
been  devif»e<I,  and  some  of  them  were  patented. 

Theiie  have  been  connected  with  the  eolation 
of  nitrocellnioso,  the  formation  of  the  threada, 
Huhwquihl  deniffatidn  \\ liich  is  ncces*:jiry  to 
render  tho  yani  less  intlanimable,  the  recovery 
of  the  solvent,  and  in  other  details.  The  tila> 
ments  as  spun  are  combinetl  together  into 
threa<l.s  of  a  suitable  si/x,  aud  '  thrown  '  or  spua 
in  order  that  the  thrcafis  may  act  properly  in 
the  Hubeequent  worldng. 

These  yams  or  threads  memble  in  many 
way-  silk.  They  an*  extremely  lustrous,  and  in 
some  ways  have  been  vonaideml  to  be  tstijienor 
to  the  real  article.  They  are  inferior  in  strenj^h 
and  lack  '  rMvt  rinrr  power.'  as  a  result  of  which 
tljey  have  a  ioux  r  value  when  woven  into  fabrics. 
In  the  manufactiiro  of  braids,  trimming.  &c., 
this  defect  is  not  noticed,  or  is  oountcrbalanoed 
by  the  special  efJocts  produced. 

'  li  iiilonnet  silk  filaim  nts  have  a  mean 
diameter  of  35/>*,  a  true  clajiticity  of  4-5  p.c,  a 
percentage  elongation  under  breaking  strain  of 
15-17  p.c.,  and  a  sp.gr.  1-40. 

The  effect  of  deuitration  on  the  strength  of 
the  filamenta  has  been        as  f oUotn-- 

Katars  of  fllamBnt  Breaking  Sbstinlty 

strain 

100  denier  nitroeolluloM* 
ttiread 
„       after  denitration 
in  wet  state 

U&al  bilk 


150  grnis.  23  p.c 
llOgrnw.   8  „ 


25  jrrnis. 


3iK)  gruis.  18  p.c 
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According  to  Dulifz  (Chcrn.  Z.H.  I91f).  34. 
989)  it  m  iiujpoaaible  to  completely  dcnitrate  the 
threada  without  «  viitual  a«atractkm  of  their 
<jualit ic?).  In  jfracticc-  it  is  arranpfHl  that  the 
yam  contaiits  about  U-Uf*  p.c.  nitrogen,  but  thia 
muBt  be  equally  dietribatcd  over  the  tibre.  To 
obtain  this  result  many  factors  in  the  manu- 
facture of  the  sillc  it.Hclf  have  to  bo  considered. 
These  include  uniformity  uf  composition,  ])cr- 
centago  of  moisture,  and  a  umform  shrinkage  on 
dr>'ing.  When  hypoHulpUdeB  era  ttied  •  new 
bath  is  more  active  than  an  nid  one.  Heoy 
other  detalU  have  not  been  disclo.so<I. 

The  actual  procees  is  a  difficult  one  to  con- 
trol. The  tem})erature  uf  the  bath  has  a  great 
effect  on  the  residt.  This  process,  which  when 
properly  conducted  hardly  decreases  the  lustre 
of  tne  thiMd,  is  foUoimi  »  bkaobing  bath. 
When  flnanv  finished  the  prodnet  poasesseB  a 
iH-auty  anil  uIds.m  which  has  hanlly  Ixcn 
cqualit-il  by  other  and  more  recent  makes,  and 
probably  accounts  for  the  fact  that  it  has  sur- 
vived and  is  in  use  at  the  pn'sciit  time. 

This  original  jiroccss  of  iiiuiiufacture  has  now 
to  compete  with  others  working  in  a  more 
direct  manner,  in  which  the  oelioloso  itself  is 
dissolved,  and  the  nitration  and  denitmtbn 
processes  dispensed  willi.  Tlic  solvents  are 
more  easily  handled  and  am  cheaper  to  use. 
Aqaeoos  solutions  have  taken  the  pbce  of  air 
as  a  mcflium  for  siiiiirting  into.  In  some  cases 
theM!  niuy  act  chemicalw  on  the  solvents  in 
such  a  way  tbit  the  oelluloee  ie  thrown  out  of 
solutiou. 

Dealing  with  the  more  important  of  these 

recent  processes,  in  their  hii^torical  sctjucricc, 
Wynn  and  Powell,  in  1884  (^Eng.  Pat.  ibbOo, 
1884),  used  a  solution  of  zmo  ehloride  as  a 
solvent  for  cellulose.  Thin  .-ulut  ion  was  express«^-d 
into  a  solution — say  alcohul —  w  hich  removed  the 
solvent.  The  cellulose  was  precipitated  in  the 
form  of  filaments  wlkioh  oould,  under  certain 
drcunutanees,  be  ooUeeted,  and  after  treating 
In  other  ways,  dried. 

These  have  U^en  KrcAtiy  n«cd  in  the  past 
for  the  production  of  filaments  for  earbon  lamps. 
Modifications  in  this  proe(>ss  were  jiroposwl  liy 
Dreaper  and  Tompkins,  and  Uroancit  ruapco- 
tively ;  but  this  process  has  never  Ixjen  usetl  on 
any  scale  fur  the  production  of  hlamente  for 
textile  purpKJses. 

Six  years  after  Wynn  and  Powell  had  filed 
their  specilication  lie.Hjjeisaes  (Fr.  Pat.  203741, 
1890)  provisionally  protected  a  process  in  which 
the  wllulose  was  dissolved  in  an  nmtnoniacal 
solution  of  cnpptT,  and  then  squirted  into  a 
aolution  which  would,  by  acting  chemically, 

g?ecipitate  the  cellulose  in  the  required  manner, 
wing  to  the  death  of  the  inventor  the  patent 
was  never  completed,  but  a  patent  on  similar 
lines  was  talcen  out  in  1697  by  Paulv.  Many 
other*"  have  followed  dealing  with  details  in 
the  uuinufactun-,  variations  in  the  solutions 
used  for  precipitation,  use  of  K|x*cial  cojjper 
salts  twAk  as  eopper  carbonate,  in  detail  in  the 
machinery  used,  and  special  treatment  of  the 
threads  pro<luced. 

It  is  diUicnlt  io  state  the  relative  value 
V  of  the  difierent  suggcstiuns.  Uenerally  speaking, 
I  the  solutions  useifto  precipitate  the  cellulose  are 
eitlier  acid  or  alkalin*;  in  tlieir  nnttirr.  The 
addition  uf  sub&tanues  like  dextrose  has  been 


Humiested  to  facilitate  worklnji;  conditions.  The 
cellulose  has  h^u  tit^ted  before  solution  with 
caustic  soda  to  faeilitete  the  prore«R.  Ftemeiy 
and  Urban  havo  pupprated  many  modifications 
which  deal  with  the  treatment  of  the  threads 
after  fbrmatioot  and  in  the  snbaeqaent  diyiiig 
operations. 

The  third  pn  (  i  .h.h,  which  is  at  present  meeting 
with  particular  success,  i ntails  the  ufc  of  cellulose 
thiooarbonatee,  wliich  wore  discovered  in  1892 
by  Gross,  Bevan  and  Beadle.  By  spontaneous 
decom]iosition  crllnlose  is  regenerated  from  sooh 
a  solution  and  thronn  out  in  an  insoluble  ctmdi" 
tion.  This  piocess  may  take  place  immediately 
in  the  preeenee  of  suitable  salts;  and  in  1903 
Steam  (Eng.  Fat.  1020,  1898)  diselose<l  a  com- 
mercial  method  of  prcparmg  tilament^  from  this 
solution,  using  ammonium  wUta  as  ft  preoipitat- 
ing  medium. 

Many  patents  have  since  been  taken  Ottt  in 
connection  with  this  process. 

Attempts  have  been  made  to  manufacture 
fdaments  from  cellulose  esters  such  as  the  acetates 
or  formates.  The  former  substance  presents  as  a 
raw  material  afivantages,  but  ihi-  liigli  cost  of 
manufacture  and  djthcuJties  in  the  matter  of  solu> 
tion,  and  the  subsequent,  reprccipitation  in  the 
required  form  are  vi.ry  preat.    The  substance 
i»  water  reHistinc,  and  s{M.*eiai  cun<iitions  have  to 
be  observed  in  dyeing  them?  filaments. 
[      A    cellulose    acetate    protluct   lias  Itecn 
'  t<5sted  by  Herw»g  (Chem.  Zeit.  lUIO,  34,  347). 
■  The  average  diameter  e((uals  42-3yu. 

It  is  Huluhle  in  oold  aoetio  acid,  coloured 
yellow  by  sulphurio  acid,  and  iodine,  and  also 
Ity  7.inc  ( hloritl(>  and  iodine.  It  does  not  swell 
in  water,  and  has  a  low  density,  \  iz.  1*251. 
Filaments  and  threads  have  also  been  pre< 
red  from  {/t-latin  and  casein,  but  little  has 
len  heard  of  their  production  on  a  commercial 
scale. 

Directly  connected  with  the  manufacture  of 
these  yams  is  the  question  of  the  recovery  of.  the 

solvents  used,  and  also  of  the  materials  nseiT  for 
precipitation.  In  some  prooeKses  this  is  an 
essential  condition  to  oommeroial  success. 

Reference  to  many  patents  will  indicate  that 
the  machmery  used  m  llie  djll<.renl  prooessi>s 
varies  greatly,  and  is  in  some  cases  of  a  com- 
plioatea  nature.  Mention  might  here  iie  made 
of  the  patents  dealing  with  the  production  of 
very  fine  filaments,  as  pi()])o.s<'d  liy  Thii  lc,  wle  ro 
conditions  ot  working  are  such  that  these  fUa* 
ments  can  be  prepan^d  oommercially. 

Muchintry.  Kach  proce^  has  its  require- 
ments as  regards  the  machinery  employed,  and 
these  have  been  met  in  various  ^v-Hys.  The  same 
process  working  in  different  countries  differs 
materially  in  actual  methods.  There  is  also  a 
5  nia>-,  nf  detail,  uliii  li  in  many  eases  is  not 
pr«)tected  in  any  other  way  than  that  of 
secret  working,  and  may  be  confined  to  the 
working  of  a  single  factory.  One  or  two  eawes 
wlucb  illustrate  the  methods  adopted  in  the 
manufacture  of  these  threads  may  be  con- 
sidered. 

The  first  ease  is  that  of  the  original  t'har- 
•lonnet  apparatus.  This  i>  oi  nit<r.>t  as 
showing  in  the  original  pati  nt  (Kug.  Pftt. 
2211,  1880)  the  apparatus  alrt^dy  available 
at  that  time.  Th<  fhreail  pa^seil  tlm»ugh  ft 
jet,  which  had  a  bore  of  ^]  nun.,  through 
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a  very  short  culuum  ot  ^vatcr  and  then  on 
to  the  winder.  Wlien  a  thread  broke,  the 
broken  end  was  sci&ocl  by  pincers  and  carrif>d 
oyer  guides  to  the  reel  to  1x5  wouud.  Tli© 
pinions  still  ascending  are  cleaned  by  a  rapidly 
revolving  bfush,  before  they  desoMid  again  to 
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20  40   60    do  /OO  //ff  HO  tfO  ' 

ikifm  ofCompoatte(45ftiamt»tphirad^ 

Fia.  L 

pick  up  any  more  brokm  on<ls.  This  movompnt 
wa«  repeated  several  tiiiiti-:  a  luiuutc.  Air  huuied 
lo  85''-90''F.  m  passed  by  supply  and  discharge 
conduita  throagh  the  outer  oham  ber.  TIm  voiatue 
BolTcnts  oanied  off  by  the  air  might  he  *  oon- 
(kiist  d  and  removed  by  cooling,'  and  the  air 
after  warming  returned  to  the  apparatus.  The 
Topham  turbine  system  of  collecting  and  spinning 
the  threads  at  tho  snme  time  (Knp.  Put.  23158, 
1900)is  a  good  illustration  of  the  methods  adopted 
to  overcome  oertoin  dilBealtjes  in  manipulation. 
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Fia.  2. 

The  squirted  thread  pf\.s.ses  over  a  n>lkr  and 
tlience  into  a  rapidly  n^tatinp  \jox.  Tlie 
tibrea  or  threads  as  they  are  fed  in  are 
twisted  together  and  oaueed  fay  tlie  centri- 
fugal force  to  form  a  oompaot  coil  around  the 


interior  of  the  box  and  to  be  formed  into  hanke 
or  skeins.  H  the  boxei  are  deep,  a  longitudinal 
reciprocatitifr  raovem«^nt  can  1k>  ^^ivcn  to  either 
the  Dox  ur  the  funnel  to  maktj  sure  of  the  even 
coiling  of  the  thread  in  the  skein  form.  This  is 
a  my  ingenions  method  of  combining  the 
skeinine  and  twisting  in  one  operation.  It  is, 
or  ha.s  T)ccn.  larL^t  ly  used  in  tho  manufacture  of 
artificial  silk.  It  reduces  the  strain  cm  the 
newly  formed  threads  to  s  minimum. 

A  third  exnmplc  is  that  of  one  of  the  more 
recent  patents  dealuij^  with  modifications  in  the 
Thiele  two-solution  process  of  spinning  (Dre*- 
per,  Eng.  Pat.  21872,  190S).  In  tliis  case 
arraiigemontjB  are  madr^  so  that  the  freidily 
ticjuirted  thread  oomiH  in  contact  with  a  pre- 
cipitating solution  which  acts  comparatively 
slowly,  «ad  then  passes  into  «  stronger  one. 
wfaioh   is    oontainsd    in   sa   outer  tube. 
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The  solution  of  cellulose  flows  through  a  delivery 
pipe  to  the  jet.  Tho  weaker  solution  enters  the 
inner  tube  and  the  stronger  one  tho  outer  ono 
^riiioh  is  attaehed  to  a  vacuum  pump  which  zuav 
boused  in  tilling'  (he  iulx-s  with  solution  to  start 
with.  Tho  threails,  after  this  double  treatment, 
pass  out  at  the  lower  end  of  the  outer  and  longer, 
and  are  wound  on  to  suitable  bobbms  or  othi  r- 
wise  treated.  These  examples  may  bo  taken  as 
illustrating  the  ilifferent  methotis  in  vogue. 
For  further  details  the  patent  literature  of  the 
last  ten  years  riiotild  be  consulted. 

The  fibres  f^encrally  haw  spcoilu:  properties 
which  have  mode  them  useful  in  oonuneroe. 
The  extreme  brightness  of  iho  yams,  whioh 
exceeds  that  of  real  .«i!k.  is  pmhablv  the  ni(»t 
important  quality  in  the  coarser  oounta.  The 
ash  is  generally  under  2  p.c,  Snd  the  nitfOgsn 
varies  between  0-05  and  0-13  p.c. 

Strengel  V  enough  tho  latter  refers  to  a  •  direct ' 

,  proc<'s.s.  and  the  former  to  a  nitrocellulose  one. 
adk  contains  17  p.o.  of  nitrogen,  so  that  in  this 
way  it  is  distinguished  from  the  artifiotal  tilk 
products  d(  rlv,il  from  c  lltiloHo,  l)ut  not  from 

I  those  which  may  bo  derived  from  proteids,  such 

I  as  casein,  gelatm,  &c 
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TliB  method  of  deteoting  the  origin  of  such 
prodtietfl  depends  upon  oertain  ohmaioal  tests. 

The  (liphciiylaminc  imv  hii.s  t,'<>n<"raUy  been  used" 
in  tho  pastf  aad  a  solution  of  tiio  sulphate  may 
give  the  foUov^ng  leaotknui :— > 
8ilk  ....  Brown  colourntion 
Tassah  ailk  (wild)      .      „    but  more  intense 
NitioeeUttloae  prodnote  Ihttnwe  bhie 
Vii^cose  and  cupram- 
moniiim  products    .  No  rt^liun. 
8<^walbe*s  teet  with  Fehliag  solution  and  one 
with  a  solution  of  iodine  in  zinc  chloride  are  not 
so  satisfactory.   The  relative  action  with  dyc- 
stnffs  it  of  little  Mooont  in  this  direction. 

MaaolineT  proposes  to  nmke  mo  of  the  action 
of  concentrated  sulphuric  acid  in  the  following 
way.  0-2  jirni.  of  thi*  (lifTtTfnt  qimliti<'s  an" 
introduced  into  small  Erlenme^  cr  flasks,  which 
Rt«nd  on  white  paper,  and  equafamounta  of  pure 
sulphuric  acid,  10  c.c,  are  simiiltaTifmisly  poured 
over  tliaui,  and  the  fibres  thoroughly  moisU-ned 
by  shaking.  A  nitrocellulose  silk  remains  colour- 
less, after  40-00  mins.,  the  solution  takes  a  palc- 
yellow  tinge.  Cuprammonium  ailk  at  once 
turns  yellow,  or  yellowish-lfmwii ;  tlio  solution  is 
yeUon^'brown  after  4U-^  mins.  Visooee  silk 
at  onoe  ivma  reddiali-lnowR,  and  after  40-^ 
.mins.  th"  -  ■'ntion  is  a  nisty-brm^-n  rolour. 

A  nitrocclluioHO  prmluct  should  Axuv,-  no 
carboniainK  when  heated  to  136**>140^  The 
pr<»9<»nop  of  cclluliisi-  suli>hunc  esters  which  may 
not  be  removed  iii  thu  deiuLration  proue^  may 
cause  a  complete  loss  of  strength  owing  to  the 
alowproduotiim  of  free  solphurio  aoid. 

Tne  speoifio  gravity  of  the  diAMent  pvodveta 
when  compared  with  real  aiiic  or  oellnlaae  is  as 
foliowB : — 

Chacdonnat  I'SS 

Lehncr        .....  1'51 

Glanzstoff  1-50 

C:!clluloso  acetate  .       .       .       .  1-251 
Natunil  silk  .        ....  1'30 
Celiulusc      .        .        .        .  . 
The  normal  moisture  present  has  been  given 
as  fo!!oM-.«  :  renl  silk,  10  -11  p.e.  ;  Cluirdonnct, 
lU-37  p.c. ;    Ij«.;kmT,   luTl   {i.e.;  Glauzbtoff, 
10-04  p.c. 

Thie  loss  of  strength  on  wetting  has  been  a 
great  drawback  to  the  use  of  suoh  materials  in 

certaui  direction.s.  It  nm.Ht  be  remerubind. 
however,  that  thiji  defect  iii  of  a  tomourafy 
nature,  as  the  Ktrcngth  is  regained  on  (trying. 
This  di'ff(;t  is  ^radiiiilly  dfcrcasinf^',  and  may  in 
lime  Ik-  ovcrctuiie.  A  great  improvement  has 
taken  ulaee  since  Btrelilmert«  in  IWMt  published 
the  following  figures  : — 

Tarn  Dry  strength  Wet  stfengtb  P.c.  Iosk 

(liina  silk  .    j3  1'  4«-7  14-1 

Frt  rii  li  (ecrue)       .    50  4  40-9  18  8 

<'hard(jnnet   .        .    147  1-7  89-0 

Lclin.  r  silk    .        .     17-1  4-3  74-8 

Viscose         .       .    31-5  3-5         84  0 

Olantttoff  .    19-1  3-2        83  0 

'Hif-'c  figures  show  an  average  lo:  s  for  artificial 
produuU  oi  82  p.c,  and  for  real  siik  ot  10-4  p.c. 
This  loss  in  the  fminer  ease  has  now  fallen  to 
about  60-00  p.c.  or  even  less* 

The  influence  of  variations  in  the  aetnal  size 
of  the  filaiiieiits  rnakini:  u|>  the  ailifinal  .-ilk 
threads  on  the  final  uxtvnaiou  at  breaking,  and 
tb»  bnaldng  atiess  is  ahown  in  the  diagvama. 


Tbo  general  strength  of  these  filaments?  is 
stated  in  grams  per  denier;  but,  as  Dreap  r  (J. 
Sue.  Cliem.  Ind.  1909,28,  130(ii  lias  shown,  ihw 
18  not  an  entirely  satiafactorv  manner  of  giving 
the  relative  strength,  onless  nis  sise  of  the  indi- 
vidual filann-nts  is  constant  or  accurately  known. 

Figs.  1  and  2,  takcMi  from  the  above  com- 
munication, indicate  the  final  extension  before 
breakine,  and  the  actual  breaking  stress  of 
artiitcial  threadii  of  varying  size. 

i'i;^'.  ',\  shouH  typical  load-ertenslon  curves 
obtained  with  single  filameate  of  huge  diameter 
(artifieial  liorseohair).  The  normal  atcess  at 
fracture  for  a  200  denier  thread  is  49,000  Iba. 
per  square  inch,  and  the  percentage  extension 
10  SO  p.0.  It  is  observed  tnat  the  curves  in  this 
case  are  oharacteristao  of  those  obtained  with 
metal  wires. 

Cro.ss  and  Bevan  have  given  the  strength  of 
coarse  count  silks  as  betw^  1*0  and  1*4  grms. 
]>er  denier  for  artifioial  pioduote,  as  against 
2-0  and  2-5  grms-.  per  denier  for  the  r.  al  i)roduct. 
But  in  the  count«(  containing  finer  filaments  this 
may  be  excccde<l  in  the  former  case.  The  tegnn 
'elasticity'  as  apj»IIi-d  to  thcsr  lilamcnt*?  in  a 
composite  thread  uul  valid,  as  uLhor  faclots* 
also  enter  into  this  figure.  A  practical  trial  is 
ncoesaaiy  before  the  value  of  any  individual 
product  can  be  obtained  from  the  point  of  view 
of  weaving  or  act  iial  wear.  1000  metres  of  thread 
of  a  weight  of  0-1  grm.  — 1  denier,  an(i  so  on. 

The  size  of  the  actual  filaments  making  up 
the  threads  is  a  matter  of  ^nat  importance. 
If  they  are  of  large  hi'm  ihu  t>ilk  may  have  a 
harsh  feel,  Imt  it  \vi\l  probablv  be  very  bright. 
When  thrnads  are  required  lor  weaving  pur- 
poses it  is  necessary  that  the  fiUments  be  of 
less  dianicti  r.  'i'his  also  </wvs  .softness  and 
increased  btrength.  it  is  possible  to  spin  these 
very  much  finer  than  those  of  the  natural  article. 

Tlip  relative  diameter  of  the  filaments  at 
present  on  the  market  varies  not  only  with  the 
diiTi'rent  makes,  but  according  to  the  require- 
ments and  U.HCH  to  which  the  yams  are  put.  The 
following  ligures  represent  the  variations  noticed 
in  certain  cases — 

Nat  Tiro  of  matsdals  Also  in  nUcrons 

(  liardoonet        .      .      .  S5-100 
Lehner       ....  40-132 
Pauly        .       .       .      •.  40-70 
Viscose       ,        ,       ,        ,  3.">-t»*i 
Thieie        .       .       .  .7-15 
Gelatin       ....  00--85 

n.-aUiik    ....  10-ifi 

(A  micron  =  0  001  mm.). 

Many  attempts  have  been  made  to  imnrov 

the  water-resisting  qualities  of  these  iirodin  ts. 
The  most  Huc<'ejwful  method  i)ui  torward  w  tliat 
known  as  the  Sth^nose  trtatnuut.  The  silk 
is  subjected  to  the  action  of  formaldehyde, 
which,  according  to  Escalier,  leads  to  a  con- 
densation of  tlu'  celliilo-i-  inolrriile  and  gives 
greater  strength  both  in  the  dry  and  wet  state, 
but  specially  in  the  latter. 

Quality  S'zo  Ten  tcUv'wet)  Tenacitj  (<Iry) 

Sth6no8e  .  130  dun.  140 
Vi.Mcose  .       .130  14«  38 

Oivet    .       .    120         130  39-6 
Chardonnet   .90         144  89-6 
Tlir,-e  figures  certainly  indu  ate  an  imre  iso 
ui  strength  as  present  both  in  the  dry  and 
wet  state  after  tfiia  imatment. 
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Certain  difliculties  have  boeii  experienctil  jn 
1ii<'  [tast  in  d^'oing  these  tilament«  and  threa<ls. 
JUiHercnt  mnkf  s  <>f  artifioiai  silk  react  in  dillemit 


Fio.  4. 

wftys  in  ttiw  respect.  The  lutrooellulose  pruduct 
^vill  not  stand  .->>  severe  m  blMching  u  the 

hydro-Cull uliisf  jifMlucts. 


in  f Afarios. 


ELLULOSE,  OR  CELLULO-SILK. 

riu-  '  feel '  o(  tliese  yams  is  improved  by  A 
,  passage  through  »  WMk  aeiil  bath  an  in  the  omb 

j  of  iiilk  it.Helf. 

I  The  world '«  output  of  these  \ara«  has  Ix-ea 
varuMisiy  t-tiniatctl  a^  lu  tuctn  8-10.000  tona 
I  per  annum.  The  output  of  real  material  in 
the  yam  atata  ia  about  50,000  tons,  so  that  the 
outjMit  of  the  tirtiflcia!  jiroduct  is  likelv  to  still 
further  im  r.  asc,  e8j)eciaUy  an  some'  ul  the 
products  are  now  being  UBM  hi  large  qnantitiea 
in  the  Mea\  in^'  (.ffaljrics.  It  is  .litliciilt  to  obtain 
figures  ing  the  relative  output  of  thetue  yarua 
a«  made  by  the  different  procogses  in  VOgue, 
but  the  output  of  the  nitrocellulose  product 
is  rapidly  decreasing  and  that  of  the  viscose 
!  prtKlurl  incn  usiiiL;.  l  lu-  future  of  the  cupro- 
aramoiuum  process  may  deiiend  upon  oertain 
factors  which  are  not  yet  thoiuughly  icatiaed. 

Vius.  t  ami  5  iliustratc  tho  relative  nature 
of  liu(j  Jiud«x>ai4*e  count  artilicial  fibres  enlArged 
to  80  diameters.  W.  P.  I). 

References:  Nitrocollnlusc  Tn.lustrv,  Vol.  I, 
1911,  by  Worden  ;  Die  Kiiuistlicho  .Soide,  by 
Suverii ;  Fa}>rikfttion  de  la  soio  artificiclle,  by  T. 
Fohiter  ;  Matthews,  Textile  (Jolourist,  27,  322  ; 
DrcAiHsr,  J.  Soo.  Dyera  CoL  WOT,  23,  7 ;  J.  Soc. 
Chem.  Ind.,  1909,  28.  1300;  E.  Beri.,  Chemiker 
Zeitung.  1910,  34,  632,  and  many  other 
references  which  may  be  found  in  WoTden*i* 
'Nitrocellulose  Indu.sm-,'  vol.  i.  1911 

SILK  GREEN.    Chrome  green  v.  CUBoaiiuu. 
SILOXICON.   A  by-i)roducfc  obtained  m  the 
manufacture  of  carborundum  consisting  mainly 
of  asubstanoeof  the  formula  81,0,0.  v.  iSiLicoN. 

SILUNOUM.  A  carbon  silicido  obtained  by 
hcAtirjp  firtion  with  carborundum,  to  which 
sail  1       1.1,  <|,  at  a  tempenitnre  of  170(P-I800*. 

SILVER.  Ag  {Argtnffim).  At.wt.  107S8. 
The  knowledge  of  this  metal  dates  from  tho 
reniol I  St  antiquity,  and  tho  earlieat  leooida 
refer  to  its  use  as  a  medium  of  exchange. 

Propertiet, — ^Ih  oolonr  ailver  is  whiUT  i  lmu 
any  other  conmiun  im  !al  ..r  allny.  ami  it  is 
(uipable  of  n-ceiviug  a  brilliant  polish.    When  in 
t  he  form  of  fine  po  wder.  as.  f(»r  instance,  when  the 
chloride  ha-;  hwu  r><iinT<l  hv  iron  an<!  acid,  ' 
silver  is  ^ixy  imd  eartli>   in  appearance.  A 
thin  film  of  silver  Is  blue  by  transmitted  light. 
It  crystallises  in  the  cubic  system  and  Mnall 
octahedra  are  occasionally  observed.  fho 
tenacit  \  of  -silver  wire  of  I  square  mm.  in  .sectional 
area  is  equivalent  to  17-27  tons  per  square  inch 
at  0°.    It  is  more  malleabie  and  ductile  than 
any  other  metal  except  gfld.  and  may  l)o 
hammereil  into  leaves  0  0025  luui.  thick.    It  is 
hardened  by  hammering  or  rolling,  but  its  soft- 
ness is  restored  by  annealing  at  about  200**  C. 
It  ia  harder  than  pjofd  but  softer  than  copiK-r. 
It  is  the  most  [M-rfi  <  (  (  oixluctor  of  heat  and 
;  electricity    known,   and   has   therefore  been 
1  adopted  a.*i  tJic  standard  for  oompaHson.  Ita 
!  condiK  tivit y  is  incrca.s(Hl   by  aiincalin;;.  Its 
sp.gi.  alter  having  been  cast  is  iO-50,  ami  this 
!  is  only  slightly  altered  by  rolh'ng  or  nnnealing. 
fcjolid  castings  of  pure  silver  are,  however,  difficult 
to  prcjvare.  and  a  cast  ingot  usually'  Cf^mt^iiiH 
iiiinii:.  r  i\  it|,  a  by  which  its  density  is  apparently 
I  reduce<l.    The  sp.gr.  of  molten  silver  is  9  61. 
Pre(  ipitntcd  silver  has  a  densitv  as  high  as  lO-ei. 
Nilvir  imlt^  at  MHI-.'i^  (Holboni  and  Day) 
j  and  Ix  gins  to  volatilise  in  a  sensible  degree  at 
I  about  the  m.p.  of  copper,  108P.  It  can  be 
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SILVER. 
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distilled  in  quantity  by  the  oxy hydrogen  blow- 
pipe in  a  suitable  fumaoe,  and  boiln  viftorouttly 

in  the  electric  arc  furnace.  Its  vaj>()ur  in  pale 
blue.  Molten  silver  abflorbs  about  22  volumes 
of  os^rgen  and  the  whole  of  the  gas,  except  O*? 
volume,  is  t,'iven  off  again  flurin^'  soliilification. 
The  di8cngagcment  of  the  gas  cuuse^n  eftcrves- 
cenoe  and  *qnrouting,*  which  may  Ik>  prevented 
by  the  presence  of  oxidiaable  metals  or  by  slow 
cooling.  C/.  Sieverts  and  Hagenacker,  Zoitsch. 
phvsikal.  Choni.  1909.  6S,  l\r>:  Donnan  MmI 
&hAW,  J.  Soc  Chem.  Ind.  1910,  29.  987. 

Silver  ia  not  acted  on  by  oxygen,  whether 
dry  (ir  ninisf.  except  to  a  very  Hlight  extent  at 
high  temperatures.  Chlorine  is  al)«orbe<l  by  it 
even  at  the  onlinary  temiK'rature  with  thc 
formation  of  silver  ehl<>ri<ie.  The  action  is 
rapid  at  a  red  heat.  Silver  sulphide  is  still 
more  readily  formeti  at  all  temiK-mturef.  Silver 
is  diMolved'  bv  nitric  aoid  and  by  boiling  oon- 
oentiated  SQlplnirio  acid. 

Sliver  ores.  The  following  are  tlw  more 
iin]K>rtAnt  :  Js'ativo  silver  97-9H-8  p.c.  Ag ;  the 
antimonide  (dyscrasUe).  Agj8b-Ag,Sb ;  the 
telluride  {hesniU.),  Ag.Te ;  the  sulphide  {nr- 
gentite),  Ag,S ;  brittle  silver  ore  (^ttephanilc), 
fiAgtS,SbjS3-(i8-3  Ag  ;  dark-retl  silver  ore  (pyrar- 
gertte),  SAiijS.SbjSa-tiOAg ;  light-red  silver  ore 
(prou^ik)  .5  Ag2S,As2S,-€5-4  Ag :  polybasitf 
(CUiS.Ag,S),(Sh,S3,.\sjS3)-ft4-72  /\g  and  l(>-3 
Cu  ;  fahl  ore  (grey  copper  ore),  either  a  com- 
plex ar.timonio-sulphide,  arKnio^mlphide,  or 
antimoni()-arsrni(i-sulj)hide,  containing  vari- 
able quantities  of  silver,  uccusionally  exceed- 
ing 30  p.c;  slromryeritc  VuJ>..\fiJy-')3-l  Ag ; 
horn  silver  AgCl ;  the  iodide  and  bromide  j  and 
amalganui  of  var>'ing  composition. 

Most  ores  of  lead  contain  silver  ;  indi-cd.  this 
metal  i»  of  such  constant  occurrence  with  lead, 
that  ores  of  the  latter  metal  form  one  of  the 
main  aourcea  of  production  of  silver.  Silver  is 
also  frequently  ^reaent  in  ores  of  zine  and 
copper,  and  conaidcimble  quantitio  ot  the  pre- 
caouB  metal  are  annually  derived  from  this 
Booroe.  It  ia  also  found  oofsasionally  in  ore»  of 
iron,  nickel,  cobalt,  and  bismuth. 

BifarwiUon  of  silver  from  ores.  The  nrocesscs 
of  ailver  extraction  are  very  varied,  owing 
chiefly  to  the  diversify  of  the  ores  to  Ih'  dealt 
vnih.  The  methods  may  be  olaasiiied  under 
the  following  heads : — 

1.  Amalgamatioil ; 

2.  Lixiviation ; 

3.  Smelting,  with  subsequent  .H<-]»aration  of 
the  silver  from  metaUio  lead  or  copper. 

Fbr  the  parting  of  riher  from  gold  in  bullion, 
Gou>. 


AMALaAMAnOH  OW  SiLVSB  OlUU. 

It  has  long  he<>n  known  thut  silver  catinot 
be  extracttnl  from  ila  ores  by  amalgamation  so 
readily  as  t^>ld,  on  account  of  its  lower  density 
and  ita  habit  of  being  in  combination.  Silver 
ores  yield  onl>'  small  percentages  of  their  silver 
contents  when  enished  in  stamp  batt<  ries  and 
allowed  to  flow  over  amalgamated  tables.  l:*ru- 
longed. contact  with  mercnry  is  requirMl  and 

.-orne  of  tln'  ninip.nnids  of  silver  nnist  be 
piiviously  dc(oin[>ose<l.  .Mercury  rinluees 
nictallic  sUver  from  the  chloride,  bromide, 
io(Ude,  atxi  Kul|)hide,  and  forms  an  amalgam 
with  the  redueeil  metal,  but  the  action  on  the 
Vol.  IV.— r. 


sulphide  is  very  alow.  Other  compounds  of 
silver,  rach  as  the  complex  sulphides  containing 

arsenie,  antimony,  &c.,  resist  the  attack  of 
mercury,  and  are  converted  into  silver  chloride 
before  amalgamation  by  roaating  the  ore  with 
common  salt,  or  by  the  .'jIow  action  f)f  common 
salt  and  copper  compounds  at  the  ordinary 
summer  temperature,  aa  In  the  patio  process. 

The  jxUio  process  was  invented  in  Mexico 
in  1557  and  was  still  in  use  there  in  1908,  but 
is  statetl  to  have  Ix-en  abandoned  sulisequently 
in  favour  of  the  cyanide  procese.  The  ore  was 
coaraely  emahed  by  .stamps  (see  Gold)  or  other- 
wise, and  then  groimd  with  M-ati-r  in  arrn.'-lrii-f 
or  circular  stone  floors  round  which  were  dragged 
stones  attached  to  horizontal  arma rotating  roond 
a  rentral  axle.  The  finely-groxmd  ore  was 
then  transferred  to  a  well-pa vetl  p(ttiu  or  amalga- 
mating courtyard,  where  it  was  mixed  with 
mercury,  common  salt,  and  magistral,  a  mixture 
of  eop{x<r  and  iron  snlphat^  produced  hy 
roasting  copper  pyiitett.  The  mixing  mtis 
usually  effected  by  the  trampling  of  mules. 
The  ore-heap  or  lorta  was  kept  wet,  but  an  exoeae 
of  water  was  avoided.  The  reactions  are 
eomj)licatrd  and  have  given  rise  to  nmch  dia* 
tussion.  Acfonling  to  Vondracek  (Re\Tio  do 
Motallurigej  6,  19U8,  6781  cupric,  ounrous  and 
feirie  ehloridee  are  formea  and  theae  aecom}K>so 
the  silver  sulphifles  with  Ihr  formation  of 
silver  chloride,  which  is  reduced  by  morcuiy* 
Some  of  the  reactiona  may  be  rapieaanted  as 
follows : — 

Ag,S+C^iCT,=2AgCI+Ca8 
.\g,S+Fe,t'l,=S+2Agn  f  2FeC'l, 
2Ag,AsS, + SCiiCl  2 = 6AgCl + 3CuS  +  AsgS, 
2Ag(  1  +2Hg=Hg,a,+2Ag. 

The  period  of  nmalpaniation  in  the  toria 
UBuallv  lasted  from  2  to  4  weeks.  The  mixture 
was  then  stirred  with  water  in  tanks  and  the 
amalgam,  settling  to  the  bottom,  wn-^  (ullt  cted, 
strained  throtigh  hltcr  ba^  to  separate  the  excess 
of  mercury,  and  retorted.  Muiy  ores  jnelded 
about  75  p.c.  of  their  silver  under  this  treatment. 

In  tlu*  old  cazo  or  caldron  procfJiJ>,  surface 
ores  eontainillg native  silver,  .silver  chloride,  &c., 
and  little  or  no  sulphide  were  boiled  and  stirred 
with  mercury  and  a  solution  of  common  salt  in 
v«\«sels  eonsi.sting  l  ithiT  cjitircly  or  in  j»art  of 
copper.  The  silver  was  hrsl  reduced  by  the 
copper  and  then  amalgamated.  The  Ffamie* 
Una  proet'ss  wns  similar,  sulphide  f)res  l)eing 
roasted  yyiih  common  salt  and  then  boiled  'with 
8ea«aalt  and  mercury  in  wooden  veaacla  with 
copper  bottoms.  Those  processes  were  formeriy 
in  use  in  South  America  and  Mexico. 

In  the  KrOnkx  process,  introduce<l  in  Chile 
in  I860,  a  hot  solution  of  cuprous  chloride 
disaolved  in  common  aalt  ia  uaea  to  decompoao 
refractory  silver  compounds.  The  orr-  is  f  n  atrd 
in  rotating  wooden  bnrn-ls,  ami  after  a  tiujo 
mercury  and  lead  r  /me  amalgam  is  added, 
the  silver  being  reduced  to  the  metallic  state 
from  chloride  by  means  of  the  lea<l  or  zine. 
The  obsolete  Freiberg  barrel  amalgamation 
process  was  used  for  the  treatment  of  sulphide 
orea  which  were  roasted  with  salt  and  anwiga* 
Tiiati  il  it!  n'f.itiiiL'  luirrcN  with  mercuiy,  Ixon, 
anil  \>at<  r.  The  tron  effected  a  aaving  of 
mercury  by  reducing  or  preventing  tlie  formation 
of  its  cidorides. 

These  provesjies  were  never  in  aueh  uido 
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me  M  tiio  pan  amaigamalion  pneu$,  in  which 
oniBhecl  ore  is  ground  to  dimes  in  iron  pens 
and  then  thoroughly  nnx<  <l  \^ith  mereory  in  the 
same  veauels.  An  amalgamation  pan  is  shown 
in  Jig,  L  It  oooiisti  of  *  flat*bottoiiied  oiroulsr 


Ito.  1. 

vessel  sbovt  6  ft.  in  dismeter  with  s  capacity  of 

ntMiut  tons  uf  ore  to  n  charge.  The  bottom 
and  lower  part  of  the  anU'n  an?  of  iron,  and  the 
upper  part  of  the  sides  of  wood.  Through  the 
centre  of  the  bottom  rise8  a  hollow  pillar  within 
which  is  a  revolving  upright  i<imfi  to  which  aie 
attached  grinding  plates  or  '  mulk'r^.'  The«o 
can  be  lowered  so  as  to  touch  the  bottom  or 
raided  some  distance.  The  pan  can  be  wsnned 
by  .stoani  jMiitsod  into  thi'  liollow  Iwttom  or 
jacket.  The  charge  is  run  into  the  pan  as  a 
thick  paste,  and  the  mullen,  wliich  are  already 
revolving,  an-  then  lowered  and  the  pulji  is 
ground  iH-tween  them  and  the  bottom,  detach- 
able shoi  H  and  dies  taking  up  the  wear.  After  the 
pulp  h&s  been  reduced  to  impalpable  slime,  the 
muflers  are  raise<l  a  little,  mercury  is  added, 
and  thi'  >  Iihtl'*'  i-t  .•^lirn  il  fur  2— t  hours  longr-r. 
The  cuntiiiiteuey  of  the  pulp  is  nuch  that  globules 
of  mercury  beoome  dispersed  through  it  without 
pinking  to  the  iKittoni.  fliemicals,  such  as 
common  salt  and  cop|K-r  sulphate,  are  added  with 
the  objeot  of  promoting  amalgamation.  Iliese 
substances  arc  suppo8<-d  to  act  in  the  same  way 
as  in  the  patio  pnne.s*!,  but  more  rapidly  ovring 
to  the  higher  temperature. 

When  the  amalgamation  is  complete  the 
speed  of  the  mullers  is  reduced  and  the  pulp  is 
dilufrd  by  tillinir  the  pan  with  water.  After 
a  few  ininut<'.s,  the  mercury,  whicii  has  collected 
at  the  bottom  erf  the  jpui,  is  drained  off  auto- 
matically into  a  sump,  and  the  pulp  in  nm  ofi 
into  the  settling  pan.  This  is  .similar  to  the 
amalganiat  int;  pan,  hut  larger  ami  ])rovided  with 
stirrers  iiutead  of  grinding  nuillers.  The  pulp 
is  further  dilated  and  the  lighter  parts  kept  in 


suspensioa  by  sUiring  whilst  the  remainder 
of  the  mei'oury  settles  to  the  bottom  and  passes 

to  the  men  iirv  sump,  whence  it  is  raised  tO  the 
top  of  the  building  by  a  nmall  ladder*bac]Eet 
elevator.  At  intervals  the  silver  is  separated 
from  the  mercurj'.  For  this  purpo-e  the 
mercury  is  cleane<l  from  sand,  sulphidcd,  &c.,  by 
grinding  uid  stirring  with  water  in  a  cloan-up 
pan  or  haneL  The  mercury  is  then  strained 
through  oahvas,  snd  the  pasty  amalgam  rooovered 
in  the  filter  Ijags  i.H  retorted.  The  volatili.-<cd 
mercury  is  condensed  tmdcr  water  and  tho 
residue  left  in  the  retort  is  melted  and  oast  mto 
bars. 

The  jBos4  system  of  pan  amalgamation  diflcrs 
from  tliat  described  above  in  Ix-ing  continuous 
in  action.  A  number  of  pans  and  settlers  are 
arranged  in  series,  and  the  pulp  from  the  stamp 
battery  flows  (  < ml  iiiuoiisly  through  them, 
overtlowiug  from  each  pan  into  tho  next  suooes- 
Hive  one.  The  grinding  is  completed  in  Uia 
first  pans,  and  the  amalgamation  is  done  in  the 
later  onoH,  the  settlers  recovering  the  amalgam. 

(  V  rtain  ores  osanot  be  tre^ed  directfy  by 
the  '  Washoe  process  *  of  pan  amalgamation 
descril)e<l  above,  but  can  bo  made  to  yield  a 
high  percentage  of  their  silver  by  being  roasted 
with  common  salt  before  being  ama^(amated 
(*  Reese  river  process ').  Silver  sulphide  is 
decomposed  and  silver  chloride  formed  which 
is  reduced  to  metallic  silver  chietly  by  the  iron 
of  the  pan  and  left  in  a  readily  amalgamafale 
condition.  The  ores  dealt  with  in  this  waj'  are 
those  containing  the  complex  antimonial  and 
arsenical  silver  sulphides  and  also  '  dry  '  ores 
(t.e.  those  not  eepeciallv  suitable  for  smelting) 
oontaining  silver  sulphide  mixed  with  sulphidea 
of  imn,  copper,  z.iiic,  and  lead.  Ores  contain- 
ing largo  peroontagcs  of  sulphides,  especially 
galena,  are  usually  smelting  ores,  and  are 
not  snitablo  for  treatment  oy  roasting  and 
amaluamation.  In  the  Reese  river  proccs.^, 
the  ons  are  first  dried,  usually  in  furnaces 
similar  to  those  used  in  roasting,  and  are  crushed 
dry  in  stamp  batteries  or  more  rarely  in  ball 
or  edge-runner  mill.s.  The  pn-Iiminary  drj-ing 
before  dry-crushing  is  required  mainly  to 
facilitate  sieving. 

For  chloridising  roa.sting  the  charge  must 
contain  Home  sulphide,  unless  MnO,  is  present 
in  the  ore.  At  Freifx-rg  ores  were  formerly 
roasted  with  20-30  p.c  o1  raw  matte,  but  witn 
some  ores  in  the  United  States,  as  little  as  6  p.c. 

of  sidphide  is  f->unil  tn  }m-  enough.  An  i  xeessive 
quantity  of  sulphide  gives  rise  to  an  undue 
consumption  of  salt  and  to  avoid  this,  part  of 
the  sulphur  is  .sometimes  removed  by  roasting 
in  air  lx.-foro  the  salt  is  adde<l.  The  amount  of 
salt  required  for  roastitig  varies  firom  3  to  20  p.c, 
aooording  to  the  ore.  In  the  furnaces,  stdphides 
are  oonver(<Hl  into  oxides  and  sulphate  s,  gul- 
j)hurous  and  sulphuric  aidiydrides  being  given 
ott.  The  sulpiiates  and  salt  react,  producing 
metallic  ehlondes  and  sodium  sulphate.  QJorine 
and  hydmchloric  :t'  id  are  aNfi  ]iroducefl,  and 
these  act  on  metallic  .-^ulphides,  oxidi^s,  8ulphat4>s, 
arsenates,  antimonates,  &c.,  yielding  metallic 
chlorides  as  «-eU  as  chlorides  of  sulphur,  arsenic, 
and  antimony. 

After  roasting  the  silver  in  the  ore  is  mainly 
(up  to  U5  p.c.)  in  the  form  of  chloride,  which  is 
muted  wita  ohknidee,  oxides,  and  sulphates 
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iron,  copper,  zinc,  kn»l,  nickel,  &c.  Rome 
unaltered  silver  sulphide,  aracnide,  &.c.,  &^  well 
ati  oxidised  compounds  of  silver,  are  also  present. 
Tiie  loeMB  of  silver  iaxoMting  are  due  to  duatinff  i 
and  TolatniBation,  and  vary  with  the  form  or' 
furnace,  the  temperature,  the  current  c»f  n:r. 
the  duiatioa  of  the  operation,  and  the  nature  of 
the  ove.  The  lowm  of  silTer  in  a  long- bedded 
calcincr  at  Sonora  TVTrn  {ohth!  by  Clouies 
(Schnaliel  and  I^uis'  Metallurgy,  vol.  i.  821) 
to  l)e  I  l  O  p.e.  at  a  duli-red  heat,  13-7  p.c.  at  a 
led  heat,  and  15-9  p.c.  at  a  chen7*ied  heat. 

The  furnaces  ueed  in  roasthig  are  veTer- 
bcratories  with  liand  or  automatic  stirring, 
rotating  oyliadent,  and  shaft  furnaces.  The 
mvtonuitie  sUitMS  ue  wniftlly  attached  to  endleoB 
ohainBy  half  of  which  arc  outside  the  heated 
area.  In  rotating-cylinder  furnaces  the  stirring 
is  effected  by  the  movement  of  the  furnace,  and 
the  heat  is  supplied  bgr  flames  pMring  through 
the  cylinder.  In  tome  cylinder  fiiniaoe«,  e.g. 
Bruckner  and  Ilofman  furnaces,  the  ore  is 
charged  in  through  manhoks  in  the  side  of  the 
cylinder,  «nd  the  fmnMe  is  then  closed  and 
Toditu'l  until  tlie  roasting  is  completed,  when  the 
ore  ii»  dibchurged  through  the  manholes.  In 
White-Howell,  Argall,  and  othiw  fonuwea,  the 
cylinder  is  inclined  and  the  ore  passes  through  it 
continuously,  entering  at  the  end  farthest  from 
the  fin-.  In  shaft  {uniae<  s,  such  a.s  the  Stote- 
feldty  the  ore  falls  in  a  shower  through  a  rising 
onnent  of  hot  air,  the  roasting  of  e«oh  partide 
being  completed  in  a  fe«-  seconds. 

In  general  the  ore  i<i  allowed  to  cool  slowly, 
M  the  chloridising  of  the  silver  proceeds  during 
cooling  without  inoieMiiig  the  umi  of  silver  1^ 
volatiusation. 

The  pail  ainal«^ftniation  of  roasted  ore 
reaembksa  that  of  unroastod  ore  already  described. 
The  silver  ehl<nide  is  redneed  to  nwUl  the 
iron  of  the  pan  and  mailers,  before  the  adaitioD 
of  mercury. 

LaiVlAXSOS  FB00JBB8H. 

In  the  extraction  of  .silver  by  lixiviation 
the  silver  is  diiMolved  from  its  ores  by  aqueous 
aotetioiu»  and  after  flllmtion  is  precipitated  from 
the  clear  liquid  as  metal  or  in  the  form  of 
sulphide.  The  cyanifh  process  m  by  far  the 
mo<<t  important  of  the»e  methods.  It  has  been 
applied  to  the  treatment  of  silver  ores  in  many 
juirts  of  the  world  durini;  the  last  few  years, 
ejipecially  in  Mexico,  and  iis  UHe  has  been 
rsptdly  extending.  The  other  lixiviation  ]^ro> 
cesses,  tin  patio  ptooesi  and  pan  amalgMiMtion, 
have  already  been  anpetaeded  by  cyanidiog  at 
many  mineii. 

uk  the  following  account  of  cyanidfaig  atlver 
ores,  the  descriptions  of  Mexican  and  American 

Sractice  given  bv  Claldecott  (J.  Chem.  Met.  and 
Linff.  Soc.  of  S.  A.  1908,  8,  203  and  266), 
C.  U.  ITalton  (Mineral  Industry,  vols.  17, 18,  and 
19),  Alfred  James  and  othens  have  been  foHowed. 

The  ore  i>  u-ufilly  crnsh'  <I  very  finely  \vit}i 
oyanidc  solution.  Ko  pniiiuuiary  roasting  is 
Inquired,   the   chloridir^iug   roasting   at  firat 

Sractifsxl  in  America  having  Imen  given  up. 
tamp  nnlls  similar  to  thow  tiesorilx-d  under 
Gold  are  in  general  use  for  emailing.  SH)metinies 
fine  battery  screens  are  employed  and  the  ore 
crushed  fine  in  one  operation*  For  example,  at 


a  mill  nt  Guanajuato  there  were  hlulted  Kcreena 
equivalent  to  wire  gauze  with  45  meshes  to  the 
linear  inch,  the  duty  }x*ing  only  2*7  tons  per  day 
per  atamp  (Oaldeoott,  Lc),  More  often  ooatse 
screens  are  used  in  the  stamp  battery,  and  the 
coarsely  crushed  pulp  is  passed  to  tube  mills 
{sec  GoLU),  where  Jt  is  for  the  most  part  reduced 
to  impalpable  slime,  In  some  places  the  crush- 
inn  i»  (lone  hv  ireans  of  other  ^'rinding  machines, 
such  an  C'luie  mills  or  edge-ruuaers,  in  which  the 
ore  is  pulverised  by  heavj'  rollers  running  round 
on  their  tires  in  iron  pans.  At  the  Meaooo  mill, 
m  Oro,  40  stamps  orash  200  tons  of  ore  per  day 
through  a  16-me.sh  .ncn'on.  and  six  tube  mills, 
each  4  ft.  in  diameter  and  20  ft.  long,  deal  with 
the  product.  After  being  finely  ground  in  the 
tube  mills,  00  p.e.  of  the  pulp  willpaSB  tlumiigh 
a  2U0-meiih  screen  (Caldecott,  l.c). 

In  crushing  with  ej-anide  no  amtlgpumted 
copper  ^tfls  are  used,  but  with  some  ons, 
coarse  native  silver  aeenmulates  in  the  mortar 
boxes  of  the  stamp  mills  and  is  from  time  to 
time  collected  by  nand.  The  pulp  from  the 
stamps,  or  even  from  the  fine  grinders,  is,  in  many 
cases,  concentrated  rin  W'illTey  tables  or  other 
machines  with  the  separation  of  material  from 
which  the  silver  would  not  be  readily  dissolved 
in  cyanide,  and  this  oonoentrate  is  shipped  to  a 
smelter  together  with  any  rich  hand-picked  ore 
that  may  come  from  the  mine. 

After  oonoentxation,  if  any,  and  &iP'  irrindiug 
the  larger  partioles  ('sand')  in  th  2  nip  are 
commonly  separated  from  the  fine  particles 
(*  slime  ')  by  settlement  in  water  with  the  aid  of 
such  machines  as  Gone  classifiers  (^ee.  GoiJ>), 
the  Dorr  classifier,  &c.  The  Dorr  machine  con< 
sists  of  a  settling  box  in  the  form  of  an  inclined 
trouuh  open  at  the  upper  end,  in  which  auto- 
matic rakes  keep  the  slimes  in  suspension  and 
remove  the  heavy  material  as  tub  as  it  settles. 
TI1C  It  qui  I  and  slime  overflow  at  the  closed  end. 
The  mmd  is  either  returned  to  the  tube  mill 
all-sliming  process  ')  or  treated  by  peroolation 
with  cyanide  solution  in  large  vat"  in  which 
tiller  txjds  form  false  bottoms.  Tho  sand 
requires  a  leriK<hy  treatment  with  cyanide,  the 
solution  being  drained  ofi  and  the  charge  aerated 
at  intervals  to  tseilitate  the  sohition  of  the 
silver.  Oxi<lisint;  snh.^tance.s  ('  chemienl  aeia- 
torn  ')  are  alm>  adcied  to  lu^bitit  the  aeration. 

The  slime  treatment  consists  in  agitation 
with  cyanide  solutions  aii<l  simultaneous  aera- 
tion. Stirruig  gear  ui  cumpuratively  shallow 
tank^  was  formerly  usetl  for  agitation,  and  the 
treatment  continued  for  as  long  as  'fiO  boors, 
thentteof  disBOlttticm  of  silver  sulphide  in  oyanide 
solutions  being  very  slow.  When  the  solution  is 
8ei>a rated  from  the  ore  by  decaniaiion  after 
meehanioal  agitation,  the  pn>ces.s  i.s  slow  and 
incomplete,  as  the  pulp  cannot  \h-  alluweil  to 
Mettle  completely  before  decantailuii  owing  lo 
the  difficulty  of  again  setting  (he  pa<ldleis  in 
motion  after  the  addition  of  water  for  .washing. 
The  reeuH  is  that  the  residues  remain  somew^t 
ricii  hofh  in  >ilvt  r  and  eyunitle.  and  irt  onler  to 
reduce  these  losstw,  mechanical  filters  (filter 
presscM  and  vacuum  filters)  Avere  introduced  to 
complete  the  work  Ix'gun  by  decantation. 
These  have  ])n>ved  ko  sueeessful  as  largely  to 
supersede  washing  by  decantation  for  silver 
ores  in  America.  Further  refereooe  is  made  to 
some  of  these  filters  below. 


Digitized  by  Google 


602 


SILVER. 


Tho  Pacluica  tank  or  l^romi  airitator  makinp  '  but  aftorwanls  it  is  ro^rulah-d  to  1)o  just 

use  of  conipri'-ssctl  air,  is  more  aiivantagcous  j  enough  to  overcuiue  the  \v»Mght  of  the  ct»luiiui 
than  mechanical  agitators.  A  sectional  elova-  of  water  at  the  point  of  introduction.  The 
tion  of  thin  agitator  is  shoim  in  Eig.  2.  The  tank  is  filled  with  pulp  with  •  relation  of  solid 
writer  in  indebted  to  the  Cyanide  Plant  Supply  :  matter  to  water  of  say  1 :  1*0,  and  the  air  tnmed 
( 'o.,  of  lyjndon.  E.C,  for  thr  ilhistration  and  also    on,  by  nii-ans  (tf  thi-  valve  j/,  when  part  of  tho 


for  tho  dosigna  reproduced  in  ¥ig».  3  and  4. 
The  Btown  aatator  was  introduced  in  New 
Zealaad  in  1907t  and  aftcnrudB  adopted  at  the 


coMwesseo  air  mmn 


saumMMWi 


Fig.  2. 


water  in  the  central  tube  is  displaced  by  air  and 
the  centre  oolumn  of  material  oorrespondingly 
rechiml  in  weight  The  result  is  that  the  central 
column  iH  presseti  up  by  tho  weight  of  thf  water 
jnthe  surrounding  tank  and  the  pulp  is  effectively 
agitated  and  at  the  same  time  aerated.  Tho 
bottom  of  the  tank  is  a  (reversed)  cone,  and 
there  nro  m*  un<ii.sturb©d  porti'iiKs  of  the  pulp. 

Tho  JL'achuca  tank  is  suitable  both  for  tine 
sands  and  slimes^  and  the  power  required  is  fmt 
less  than  with  meehanical  stirring.  iM-inc  aWit 
2^  H.P.  per  50  tons  of  Kliined  pulp,  the  ehargo 
in  a  40  ft.  by  10  ft.  t&nk  (James,  Eng.  and  Ming. 
Jour.  Jan.  1008,  17).    Ordinary'  mill  pulp  is 
Qsnally  thickened  by  filtering  off  i)art  of  the 
'  eyanitle   solution    J^'fon*    In-ing   chargc<l  into 
Pachuoa  tanks.   The  charge  can  be  allowed  to 
\  iiettle  until  tlie  solid  matter  is  peeked  down  quite 
firmly  ln-fon*  the  air-jet  is  turrml  on.    In  that 
case  water  or  solution  is  introihued  through  the 
'  vv'ash-ring  /,  in  order  to  soften  the  material  at 
I  the  bottom  of  the  cone.    With  tho  aid  of  this 
I  device  the  pulp  is  soon  circulating  perfectly,  if 
it  is  very  finely  ground  material,  not  containing 
heavy  particles  of  sulphide,  Ao,  These  may 
eause  dUffieolties,  hot  tneiy  have  been  ovenome 
and  the  effirjency  of  Pachuca  tank.^  incn  as'd  by 
the  introduction  by  A.  T.  Grothe  of  a  system  of 
continuous  work,  the  pulp  overflowing  from  one 
tank  to  another  until  tiio  dissolution  of  tho 
silver  is  complete,  the  overflow  from  the  last 
tank  peering  to  a  filter  (Tkani.  A.I.1LE.  1911, 
696). 

SUme  from  elassifierB  requires  to  be  thidcencd, 

orde-waterod,  l)ofon'  it  is  ft^l  into  Pachuoa  tanks. 
The  Dorr  continuous  ihickt'uer  ni  wide  use  for 
this  purpose  consists  of  a  shaft  suspended 
vertically  in  the  centre  of  a  tank  and  carrying  at 
its  lower  end  radial  arm^,  to  which  short*  pieces 
of  angle  iron  are  attached.  When  the  shaft  is 
rotat^  veiy  slowly,  the  settled  material  is 
gradually  moved  to  the  discharge  opening  in 
the  centre  of  flu'  tank.  Tho  dear  water  Over- 
flows at  the  top  ot  the  tank. 

The  earliest  of  the  rapid  filters  were  filter 
presses  in  which  the  solution  wa.s  forced  through 
canvas  by  air  under  high  pressure.    The.«<e  were 
first  u»»><l  with  gold  ores.  The  vacuum  lilters  liave 
'  been  in  use  since  1903,  and  are  veiy  efibotive, 
I  In  the  Moore  filter  ( Eng.  ft  Ming.  Jour.  1003, 
'  76,  8.55  ;  Trnns.  A.T.M.E.  Sept.  190-1)  a  vacuum 
filter  frame  is  lowercni  into  the  pulp  and  kept 
,  immersed  in  it  until  a  layer  of  hlime  of  f-1  in. 
j  thick  is  formed  on  the  surface  of  the  canvas. 
The  filter  frame  is  then  hoisted  out  and  tlie 
'lime-cake  is  washc<l   by  clear  water  forced 


Pachuca  mine,  Mexico,  whence  its  use  spread  through  it.  When  the  oake  is  free  from  cyaniiie 
M-idely.   It  is  a  steel  oylmdrical  vat  (a,  Fig.  2)  and  silver  it  is  detached  by  air  blown  into  the 


ot,  say,  4.'j  ft.  (Ifcpand  1.")  ft.  in  rliarn(  t<  r.  I  licrc 
is  a  pipe,  b,  in  the  central  axis  of  about  1  in. 
diameter  per  foot  of  tank  diameter,  extending 
from  near  the  bottom  to  near  the  top  of  tfie 
tank.  At  the  lx)ttom  of  the  central  tul>e 
coitipre88e<l  air  is  introduce*!  froni  a  j»ipc  c, 
of  about  1^  ins.  in  diameter.  The  air  pressure  is 
at  fint  as  much  as  60-100  Ihs.  per  square  inch, 


inside  of  the  filter.  Among  other  successful 
vacuum  lilters  are  the  Butters  (Ming,  and  »Sci. 
Press.  .Tune  22  &  29,  1907),  the  Ridgway  (Min. 
Ind.  11HI7.  10.  510).  and  tlie  Burt  (Ming.  A  S<  i. 
Pres.s.  1!K»7.  y.'j,  717).  Fig.  3  is  the  pliiti  and 
Fig.  4  the  elevation  of  a  vacuum  filter  plant 
(( 'yanide Plant  Supply  Co.)of  the  fixed  immersion 
type.   In  aU  these  filten  lime  gradually  clogs 
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the  canvas,  and  aft<?r  a  time  is  removed  hf  s  I  and  leparated  by  filter  piling,  bntcino shavings 

bath  of  dilute  hydrochloric  acid.  !  are  rontfliiusd  in  txixes  throupli  which  the  solu- 

The  silver  ia  precipitated  from  the  clear    tioti  i»  allowtxi  to  fl«>w.    The  solutions  are  less 


solutions  cither  by  zinc-dust  or  zinc  nhavings. 
Zino  dust  ia  mixBd  with  the  aoiution  in  taoka 


dilute  in  cyanide  than  those  used  for  sold  ores, 
and  oontain  laige  quantities  of  simc,  and 


A  .  nn.p  atscNvma 
B  •  fiLTia  tim% 

0  .  MuniQN  aucaviH* 

£  -       .  SWM|» 

6  .  Ginniirve*!  •wt^ 
H  .  MSiOwn  MSCNMUC  uumocR 


Fio.  3. 


owing  to  these  facts  coarse  zinc  shavings  are 
used,  not  ooated  with  lead.  The  zinc-silver 
couple,  soon  formeil  by  precipitation  of  the  silver, 

j^ivt's  a  hij^h  ]irwi{>itfttit»^'  t'lliciciicy  to  thf  zinc 
and  eoablea  the  lead-zinc  cuuplo  to  be  diopeuaed 
with. 


In  recovering  the  silver  from  the  zinc  boxes, 
simple  screening  of  thepieoipitate  separates  the 
zinc  and  gives  a  prodoot  oonteining  50-70  p.c. 
of  silvtr,  which  is  briqoetted  by  air  pressure, 
partly  dried,  and  smelted  with  2  p.c  of  nitre 
without  any  tisatment  with  a«rid  or  by  roasting. 


ff 
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Fia.  4. 


Large  (No.  300)  arnnhito  potf  or  steel  pots  are 
used.  The  .silvt  r  Uius  pnMluved  is  .•«jm«'\vhat 
impure  and  is  sometimes  refimnl  by  )»a:>.iuig  air 
tluQugh  the  molten  bullirtn,  aa  propoaeu  by 
Rose  (see  Min.  Ind.  1010,  320). 

The  oyan^  ooununption  on  Ifesdcan  silver 


(ires  varies  from  1  to  4  lbs.  per  ton,  and  70-90 
p.c,  of  the  silver  is  recovered.  Although  power 
in  Mexico  is  (  hi  aji  H.P.  ]^^•^  month  for 

tcaoamitted  electric  power)  and  unskilled 
peon  labour  is  onlv  Is.  6d.  per  day,  the  cost  of 
treatment*  acootdmg  to  C»ldeoott,  is  heavy. 


Digitized  by  Google 


m 


SXLVEBk 


varying  from  S*.  to  12s.  per  ton.  Tliis  is  due  to  minenil?;  yitld  their  silver  to  cyanide  satisfactorily 
tho  high  ooosumptiou  of  cyanide  and  the  large  onlyifsubjectedtoachloridisiugroast.  Mangam- 
MDcmnt  of  pomr  requind  for  the  fine  grinding  ferovs  aQver  one  are  also  generally  Tefitaetory 
'in  vogiie.  to  evanide. 

The  Btrcogth  of  the  cyanide  .solutionii  a  A  (X4ui)>iiuition  of  ainalganmtion  and  oyaiitd- 
oonsiderabfo  range.  The  solution  lujed  in  the  ing  applioii  to  ci  rtain  on-.-s  ni  Mexico  ia  described 
ftAmp  miHs  contains  01  p.e.  of  eyanide  up^\-arfls.  by  Brodie  (Mex.  Ming.  .1.  liU  !,  12,  21  ;  J.  Inst. 
At  the  &in  Rafael  mine,  Mexico,  tho  uiiU  aolu-  of  Metals,  1911,  5,  297).  Tho  oruii  contain 
tion  contained  0*25  p.e.  in  1909  (Girault,  Proc.  galena,  blende,  and  pynte,  and  various  amounts 
Inst,  ot  Metals,  1910»  4^  288j.  The  solutions  for  |  of  silver,  down  to  4  oz.  per  ton,  in  the  form  of 
slime  treatment  vmamy  conti^  about  0-1  p.c.  :  native  sQver,  argentite  aad  atmnioal  aUver.  The 
of  cyanide.  In  the  treat racnt  of  sands,  solutions  high-grade  ore  is  crushed  direct  by  staTn[)s,  und 
with  0'5  p.c.  or  ev&a  more  cyanide  are  not  some  native  silver  remains  in  the  mortar  ami  is 
unooininon.  I  oollected  from  time  to  time.   The  pulp  is  then 

It  13  usual  to  add  to  the  slime  pulp  from  amalgamated  in  4  ft.  pans,  the  charge  consisting 
4  to  12  ox.  of  lead  acetate  per  ton  of  dry  siimtia.  of  lUOO  lbs.  of  ore,  lii-17  lbs.  of  mercury,  46  lbs. 
This  is  intended  to  remove  the  deleterious  '  of  sodium  cyanide,  4  oz.  of  lead  acetate,  3^  lbs. 
aolable  aolphidea  from  the  eohitioa,  but  doubte  i  lime  and  stook  solution  to  make  a  1 : 1  pulp, 
have  been  exprened  as  to  Ha  nsefolnees,  on  the  '  Grinding  without  raeronry  is  carried  on  for 
grounds  that  the  quantity  would  Ix-  insuffieient  6  hours,  followed  by  10  hours*  mixing  with 
without  aeration,  and  effioiesut  aeration  should  ,  mercury.  The  charge  in  than  traniiferred  to  a 
be  enough  without  lead  salts.  ,  settler  vlu  rt;  it  18  leached  and  agitated  mcch&ni> 

The  chemistry  of  the  process  pro si^nts  some  cally  and  by  compressed  air  for  12  hours.  After 
fcaturea  which  are  different  irotu  those  met  this  it  is  washed  free  from  mercury,  thickened, 
with  in  the  treatment  of  gold  ores.  The  ores  and  treated  in  Pachuca  tanks, 
treated  in  Mexico  usually  oonaist  of  hard  flinty  |  The  low  grade  ore  is  oonoentrated  in  th« 
quarts  oontaining  little  base  metal  mineral  |  ratio  of  00: 1,  and  tlieoonoentrates  axe  separtated 
(Caldecott).  Tin;  greater  part  of  the  silver  is  |  into  rich  and  poor  material.  The  rich  ooncen- 
present  as  argentite,  AgjS,  with  a  little  arsenic  trat^  are  amalgamated  as  described  above  but  • 
and  antimony  as  proustite,  pyrargyrite,  and  I  for  2-5  days,  and  treatment  in  the  settler  lasts 
stephanite.  Native  silver  and  the  haloid  com-  for  6  days,  with  dccantation  each  day.  Then 
pounds  sometimes  occur,  and  these  dissolve  the  product  goes  to  the  Pachuca  tanks.  Tho 
readily.  Argraitiferous  tctrahedrito,  galena,  or  poor  material  is  Icaahed  in  percolating  tanks 
blende  when  present  prevent  the  ose.of  oyaaide  with  cyanide  (CO  lbs.  per  ton  of  omoenizatee), 
unless  they  oan  be  removed  as  oonoentrates.        lime  uid  lead  acetate.   The  charge  is  laeated 

Silver  sulphide  is  dissulved  according  to  the  by  percohitioii  for  12  hours  and  tlien  the  liquid 
ci^uation:— Ag,8+4NaC'^i»2NaAc(CN}g--i-J!iIaaS.  I  is  drained  off  and  the  charge  aerated  for  12 
tniiaieaotion  is  reversible,  and  in  dUnte  Bolutions  I  bonis.  This  alternate  treatment  is  oontinued 
about  100  mnlecuies  of  NaCN  must  be  present  for  two  months  or  TUitil  05  p.o.  of  the  silvw  has 
to  1  moieouie  uf  H&^ii  to  prevent  reprecipitation   been  extracted. 

of  AgjS.  By  aeration,  however,  the  alkaline  I  ^Hie  system  of  treatment  of  sUver  ores  by 
sulphide  is  oxidise<l  to  thiosulphato  and  caustic  cyanide  now  adopted  is  complicated,  as  is  illus* 
alkali,  and  subsequently  to  sulphate.  The  trated  by  tho  following  abridged  '  flow  sheet,' 
foll<»Ming  reaction  also  occurs,  hut  far  more  which  wa.s  recently  designed  (and  kindly  h-nt 
slowly; — Na,84-Na(;N-f 0<=NaCNS-i-Na^.  for  reproduction)  by  Mr.  Alfred  James  for  a 
As  an  aid  to  aeration  in  the  removal  of  jNa,S,  j  mill  to  be  erected  by  a  largo  mining  company 
lead  saltr^  (acetate  or  even  litharge)  or  mercury  in  Mexico.  The  nhridged  sheet  is  simplified  by 
salts,  such  as  HgClj,  are  added,  with  the  result  omissiuu  of  the  templing  axrangements  and 
that  lead  or  mercury  8ul]>hido  is  precipitated,  certain  other  features  which  form  an  essential 
The  solution  is  strongly  alkaline,  as  in  Mexico  i)art  of  the  design.  The  flow  sheet  ia  shown 
2U^or  30  lbs.  of  lime  per  ton  of  ore  is  Uiied,  with  opposite. 

the  object  of  iiK  reasmg  the  solubility  of  silver  Among  other  lixiviation  processes  for  the 
oom^unds.  Part  of  the  lime  dissolves  in  the  j  treatment  of  silver  ores  the  following  may  be 
cyamde  sohitionB,  bat  the  bulk  of  it  remains  I  mentioned ; — 

in  the  form  of  nulk  of  lime.  The  alkali  converts  The  ZiirvOijd  process  is  applicable  to 
litharjgc  or  lea<l  acetate  into  an  alkalme  plumbitc  argentiferous  cupper  mattes,  free  from  As,  Sb, 
(K^Pm))),  and  this  reaota  as  follows —  |  Bi,  and  Pb.    These  mattes  are  formed  in 

K2^b03+K,8+2H,0=PbS-^4KOH.  smelthig  and  consist  chiefly  of  sulphides  of 

According  to  Caldecott  lead  oxide  is  legenc  T^'^"^""  '""^  i'""'   u^u^'^u'*"  "i""*'        ^  Tl^f^ 

PbS+NaGN+0=NaC!NS+PbO.  is  KM«Jed  in  an  oxidishig  i^mosphere  at  a 

This  uouM  a((<.unt  for  (In-  at  i  fTi  i  f  of  a  gradually  increasing  temperature  with  tlie  forma- 
te\y  oimccij  of  lead  salLs  per  ton  of  ore  in  Mhioh  <  tion  of  sulphates.  Sulphate  of  iron  is  formed 
some  hvndreds  of  oonees  of  silver  suli^de  may  I  first  together  with  some  o^des  ot  i  i  and 
be  present.  copper.    At   a   temperature   of   about  TtK)", 

It  was  found  by  Holt  (Mmg.  A:  iSi  i.  i'ress,  however,  the  iron  sulphate  is  decomposed, 
98,  54() ;  99,  169)  that  if  the  silver  is  present  sulphur  dioxide  and  oxygen  are  evolved  and 
in  the  form  uf  proustite  (AgaAsS,),  p^Ttugyrite  copper  sulphate  is  procmoed*  Thm  as  the 
(AgjSbS,).  ortetrahedrite(fahlore).  the  prcscnoe  temperature  rises  OaSO^  is  oonvertod  hito 
<<\  I  ;id  salts  in  addition  t«  liin'  s. n.^  to  2('iiO  SO,  at  740^  and  into  CuO  at  840''-850'* 
retard  rather  than  assijit  dissolution.   These  iFricdrich,    Metallurgie,  1910,  7,  323).  At 
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the  saiiif  tlnio  silver  sulphate  is  prtKlucttl. 
Finally  at  a  bright  red  huat  (108(>%  aoootdiug  to 
fViedrioh)  silver  sulphate  is  split  up  and  metallio 
Milvr  r  ii  in;iiiis  with  the  oxides  of  inm  and  <'op|M'r. 
Tilt!  acliuii  iti  cart'fuUy  watchml  anil  the  t»|KTa- 
tion  «toppc'd  when  the  copper  sulphate  has  been 
almost  all  decomposed,  and  the  silver  sulphate 
is  at  its  maximum.  The  roasted  matte  is 
then  extnicti  (1  with  hot  wati  r,  ami  the  silver 
precipitated  by  lueaud  of  meUllic  copper.  The 
pmecss  requircfl  skill  and  oue,  and  toe  losses  of 
Hil\  IT  art-  hy  no  means  in-iignificnnt. 

In  an<Hhcr  group  of  proceajnefj  the  .*il\«  r  in 
sulphide  ores  is  roasted  Avith  salt  with  the  jiro- 
duction  of  silver  cJiloridt',  which  is  di.<«jolve(l  by 
a  hot  solution  of  (.ummuu  salt  (Augtutin  process), 
by  sodium  thiosulphatc  {von  PcUera  process), 
or  by  oaloium  thiosulphate  (£t«o  jmweM).  In 
the  Jmutdt  proee*§  a  solntioii  of  sodinm-copper 
thin.«ulphat«  {' extra-.-ohitioii  ')  is  used  after  the 
ordinary  thiosulphate  has  been  drawn  off.  In 
this  way  some  metallic  silver  and  nndeoompoeeil 
silver  sulphide  ia  extracted  aa  well  as  the 
silver  chloride.  Precipitation  is  effected  by 
metallic  copper  in  the  Augustin  process,  and  by  a 
soluble  sulpnide  when  a  (hioeulphate  is  used  as 
the  solvent  for  sUv«r.  Tbese  prooessw  aie  now 
obsolete,  being  geneially  leas  advantagwnw  than 
oyaniding. 

Smeltenq  Sii^vEK  Okiss. 

Argentiferous  lead  and  cop])er  ores  are 
smelted  for  lead  and  copiH-r  respectively,  the 
silver  being  oonoentrat^Kl  in  the  resulting  pi^  of 
metal  or  in  mattes,  spi'iss,  or  other  inter* 

mediate  products.  In  making  up  the  charges 
for  the  blast  furnaces  in  lead  smelting,  poor 
sulphide  ores  are  first  roasted  and  all  silver  oreti, 
even  if  the}' contain  no  lead,  may  he  mixed  w  ith 
the  lea<l  ore  and  their  sihir  ixlracitd.  In  each 
case  consideration  is  paid  lo  the  composition  of 
the  silver  ore  and  to  the  possibility  of  treating 
it  more  profitably  in  otner  -ways.  The  lead 
Tifiiially  anuninta  to  10  or  12  p.i'.  nf  the  charge, 
and  the  coke  to  from  7*5  to  16  p.c.  Blahl 
lumaces  of  moderate  sise  are  used  and  argenti- 
ferous lead,  some  matte,  and  a  fusiUe  >h\>i  t  on- 
sisting  chiefly  of  silicHtes  of  lime  and  iron  with 
various  impurities  are  produce<l.  Eor  the  details 
of  smelting,  set  Lsab  and  COJPFjnu 

The  pig  lead  or  'base  bullion*  eontains 
var\iii£T  <iuar,1ities  nf  hil\rr  up  to  alniul  2  p.c-. 
It  18  not  usual  lo  allow  this  proportion  to  be 
exceede<l,  on  account  of  loss  in  the  nlag.  The 
diatribution  of  silver  in  the  lead  is  irregular 
and  it  is  difficult  to  i>btain  trustworthy  .namples 
for  a.s.say.  The  mo.tt  sati.sfaclory  methotl  is  to 
melt  tho  lead  and  to  dip  out  a  small  part  as  a  i 
sample.  | 

The  deailvtrisatioi)  oj  had  in  effectetl  by  the 
Pattiiitjon  prt)ce88,  now  almost  obssolete,  by  tJxe 
Rozan  process,  or  by  Parkin's  proce.H8,  followed  in  j 
eachcane  by  cupellation.    In  the  Pattinson  ]n<>- 
eeas  a  charge  of  10  or  15  tons  of  molten  had  , 
contained  in  an  iron  pan  is  allowed  to  cool,  and 
the  cr>-8tals  of  nearly  pure  lead  first  formed  are  1 
separated  from  the  mother  liquor,  wlu'ch  contains  | 
praetienlly    all   the   ni]\>T.      In    tlie  .li-inal 
Pattinson  proeess  the  erv.-,ial«  were  iirnoved  by 
p»  rforateil  ladles  and  the  oiM>ration  continued 
untiltheonriche<l  lead  contaiui'd  about  1  p<  of' 
•aver.    The  limit  of  richuess  would  be  reaeiietl  ; 


when  the  had  contained  2  5  p.c.  of  .silver,  the 
I  composition  of  the  eutoctio  alloy.   Ia  a  later 
modifioation  of  the  prooesa  the  efiarige  is  kept 

I  i^tirrrrl  hy  re\oh  iiifi  jmdf^lps  or  hy  j(  ts  of  stcarn 
i  (i<oi:an  process) and  the  mother  Inpior  tirawiioff 
by  tapping,  after  about  two-thinis  of  the  lead 
lias  been  converted  into  crystals.  The  operation 
i^  repeated  until  the  rich  lead  contains  about 
2  p.c  .  of  silvcv,  and  the  poor  lead  from  OKWl  to 
0*003  p.c 

Parke's  depends  on  the  fact  that  if 

molten  ziiie  is  stirroff  into  a  Iwith  of  arpenti- 
ferons  lead,  wlueh  IS  afterwards  allowed  lo  cool 
some  what,  the  zinc  extracts  the  silver  from  the 
lead,  and  ri.se.^  to  the  top  forming  a  crust,  which 
I  contains  the  silver  and  any  gold  or  copper  that 
I  may  bo  present.    The  total  amount  of  zmc  added 
I  is  usually  about  1^  or  2  p.c.  of  the  Meigbt  of 
the  lead,  bat  it  ia  not  all  added  at  onoe.  Two 
or  three  successive  addilion.s  are  made,  and  the 
I  crui^t^  removed  by  perforated  ladle«>  am  mjou  aa 
I  they  begin  to  form.    The  fiiwt  crust  contains 
;  almost  all  the  gold  and  copper.    Only  about 
0-0005  p.c.  of  silver  is  finally  left  in  the  lead, 
I  which  also  retains  0-6  j).e.  of  Jtinc. 

Ttie  zinc  crusts  contain  much  lead  which  is 
in  ]i  u  '     ])arated  by  liquation,  the  enut  heing 
heated  to  the  melt in<:-point  of  lead,  when  .^ome 
of  the  h  ad  Hows  away.    After  liijuation  the  rich 
scums  are  usually  treated  by  retorting,  the 
;  zinc  being  distilled  nntl  recovered  for  further 
I  use.    Fabcr  du  l*'our  tilting  furnaces  (Fig.  5), 
each   containing  a  single  large  pear-shiapod 
graphite  retort,  are  in  wide  ose.   Theee  f  oznaoee 
I  teke  a  chai^  of  8-10  cwta.  of  rieh  scums.  After 
distillation  the  residue  oonpisf.s  chiefly  of  lead  and 
silver,  eontammg  from  5  to  10  p.c.  of  the  latter. 
It  is  treated  by  cHiM  llatiun. 

Another  method  uf  treating  the  rich  scums 
is  to  <»xidi.se  the  zjuc  with  steam  and  dissolve  it 
in  ."julphuric  acid.  This  method  can  Im'  u.-ed 
ord>-  if  there  is  a  ready  market  for  the  zino 
sulpiiate.  In  the  Sohnabel  proeess  the  dno 
•  ■.\ide  IS  <lissolved  oiit  hv  ammonium  carbonate. 
J'or  further  details  concerning  the  desilverisa- 
tion  of  lead,  see  Lk.%d. 

The  elect rolvt it  method  used  in  the  de^ilvrr- 
isation  of  topjx'i  luus  alreadv  heeu  dtstrihed 
under  Copper. 

CujpeUatum  consists  in  melting  aigentiferous 
lead  in  a  reverberatory  lumaee  and  oxidising  it 
hy  means  of  a  blast  ot  air  which  is  directed 
ui>on  Its  surface.  The  litharge  Hows  lo  the  edge 
of  the  molten  bath  of  metal,  carrjing  with  it 
the  oxides  of  other  I>ase  metals,  and  is  drawn  off 
through  narrow  ehannek  in  the  hearth.  When 
all  the  lead  has  been  oxidised  the  silver  remains 
in  the  furnace  in  a  partially  refined  state  The 
hearth  of  the  fumaoe  eonrasts  of  marl,  honeash, 
Portland  cement  and  eiushed  firebrick,  or 
magnesia,  materials  which  resist  the  corrutuvu 
action  of  molten  litharge.  The  temperature  is 
lo  pt  al  ovr  the  TiieltinfT  j»oint  of  litharL'<-.  which 
la  from  625*  to  as  pasty  litharge  is  likely  to 
carry  atray  considerable  qaantitias  of  entangled 
silver. 

The  litharge  formed  at  the  beginnuig  of 
cupellation  contain-  the  greater  part  of  the 
readily  oxidisable  impurities  such  as  iron,  zinc, 
and  tin.    Arsenic  and  antimony  are  oxidised 

more  ',lowl\  .  i:nd  roppri.  hivniutli.  and  tellurium 
are  reiamed  hy  the  uiLtai  bath  uniii  most  of  the 
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load  has  iK-f-n  n'niovod.  Molten  litharjjo  a>)sorbe  i  bat  is  often  impuro.  ivqnjiing  to  be  onpelled 
oxyg«Mi  from  tho  air,  and  pivee  it  up  again  to  |  again  with  frt-sh  lead. 

oopiMT.  bismuth,  Ac,  \vhi«h  an-  in  grt^at  ])arl  The  separation  of  litharge  from  the  metal- 
oxiuiaed  iu  Uiat  way.  Silver  is  lost  by  volatiiiHa-  j  bath  m  due  to  its  lowi  r  donsit  \  and  hnvrr  surface 
tion  and  alao  by  boing  carried  atray  in  the  |  tension.  Anythinf:  (hat  Iciwith  th(!  surface 
litharge,  probably  as  c.xidr  in  llic  lirtnt  pla<r.  i  ti  nsinn  of  (ht-  in.  lal- l.atli  nicrcascs  tht!  ios-s  of 
The  total  long  of  silver  Ih  usually  uot  moro  than  silver  (Smith,  Trans.  I.M.M.  190^  17,  463). 
OS  p.e.  Cupelled  silver  may  be  096  ftM,  eon*  llien  Me  tvo  types  of  fiunaoe^  the  GeraHui 
tainmg- only  2  parts  of  impuritiss  per  1000,  mud  the  SagUih  oapeUathm  fumsoee.  The 


German  funiaci-  takes  a  charge  of  from  5  to  30 
tons  of  argentiferous  lead.    It  has  a  fixed 
hearth  forminc  part  of  the  furnace  and  a  movable 
top  or  hood  \mich  is  lifted  off  by  a  crane,  when  i 
the  work  is  at  an  end,  to  facilitate  cooling,  the  ^ 
removal  of  the  silver,  Ac.   The  charge  is  melted  1 
very  slowly  so  as  to  eliminate  oertam  mechani- 1 
OSify  mixiMl  impurities.  es|X"cially  sulphides  and 
copper,  which  form  a  dark  scum  (Ahziuj)  on  the  j 
surface  of  the  molten  metal,  and  arc  raked  off 
before  the  blast  is  turned  on.   Then  AMrich, ' 
oonsisting  chiefly  of  arReniates  and  antimoniates, 
jsformecl  an<l  raked  off,  afti  r  which  pure  litharge 
tofOfte)  is  formed  and  allowed  to  flow  away. 
The  litharge  is  often  sold  as  such,  without  further 
tn-atment.    Towanls  the  end  of  the  ojirnition 
the  litharge  becomej>  niort;  and  more  contami- 
nated wiw  copper,  bismuth.    &c.    The  final 
result,  in  one  method  of  working,  is  an  impure 
silver  { Bltcksilber)  containing  5-10  p.c.  of  im« 
])uritic.s.    The  silver  is  allowed  to  ,-olidify  and 
the  cake  is  cooled  with  water,  broken  into 
pieoes  while  still  hot,  and  refined  by  a  second 
CUpellation  {Fctnln-fuJirn)  with  fresh  lend  in  a 
special  furnace  or  by  treatment  in  pots.  The 
fine  silver  is  cast  into  bars. 

The    English   cuy»<*llntion   furnace   has  a 
fixed  hood,  but  the  hearth  or  test  is  removable 
from  the  fumac«-.    It  is  much  smaller  thaii  the 
German  furnace,  coutainiiig  from  half  a  ton  to  i 
five  tons  of  work*lead.   It  is  used  for  richer  | 
silver-lead  alloys  than  the  (Jernian  furnace. 
1'he  litliarge  produce!  usually  contains  ttio 
much  silver  for  it  to  be  sold  without  ftirther 
treatment.    TIm-  silver-leati  is  usually  i>nriched 
until  it  contains  50-70  p.c.  of  silver,  when  it  is  ; 
la<llcd  out  into  moulds  anil  a  fresh  charge  added 
to  the  furnace.   The  test  eventually  wears . 
thin,  when  it  is  withdrawn  and  another  tent  ' 
substituted.    Rich    silver-lead   is   cufKlled  to 
pure  silver  in  a  separate  furnace  at  a  higher  i 


temi)erature  than  before,  and  is  then  ladled 
out  into  moulds. 

In  Fig.  6  an  American  type  of  £lngU.sh 
CUpellation  furnace  is  shown,  describwl  by  Hof- 
man  (Metallurgy  of  Lead,  5th  e<l.  519).'  The 
plan  is  on  t  he  section  xx  in  the  elevation.  Here  a 
IS  the  fireplace,  h  the  test,  and  e  the  flue.  The 
space  unilenicjilh  the  t<st  is  hollow.  In  this 
furnace  the  test     4  ft.  4  in.  by  3  ft.  ti  in.,  and 


Fio.  6. 


the  old  oval  shape  has  been  modified.  For 
further  detaila  of  cupeDatim,  Me  Lsad. 

71;;.  Siher  bullion  j)rod»ieed  by  the 
metho«l.s  already  tl«s(rili(d  u.^uall^-  contains 
gold  as  well  as  impuriti'  s  sueh  m  copper,  iron, 
lead,  zinc,  &c.  For  the  methods  of  parting  it 
from  gold,  sre  Gold.  In  these  jtrocesses  the 
base  metals  are  alf^o  se|wirate(.l.  Doie  silver 
containing  only  a  few  parts  of  gold  per  lUOU  is 
either  treatecf  akme  or  melted  with  crude 
^<<ld  bullion  with  the  formation  of  a  parting 
alloy. 
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The  anode  ijiutl  fornu'd  in  the  treatment  of 
argontifcnms  cupper  by  electrolysis  («ee  COPFJBR) 
may  contain  a  high  pcrcontago  of  nlv«r.  For 
example,  a  sainplc  of  Jinoile  >!in)es  from  convi-rter 
copper  at  Anaoon<la  wa«  found  hy  Keller 
(J.  Amer.  Chem.  Soc.  1897.  19,  10;  Min. 
Indus.  1898,  239)  to  conUin  5515  p.c.  <.f  silver 
aad  0*20  p.c  of  gold,  together  with  13  i>2  p.c 
of  copper,  10-68  p.c.  SO,,  and  8  35  p.c.  of  Pb, 
Bi,  Sb,  Aa,  To,  So,  and  Fe.  Suok  mateiial  was 
formerly  treated  by  boiling  vrith  milphtuio  acid 
and  precipitating  the  silver  by  topimt.  \'iiri(nis 
roodificationa  of  this  process  have  Ixin  iiuro- 
iluccd  such  as  the  Oabdl^Whitehead  jinieess  of 
boding  with  f;ilver  sulphate  and  tlUute  ,sul[)hurif 
acid,  by  ^vilich  the  cupper  was  obtauiud  iti  solu- 
tion  and  the  silver  in  the  residue.  Lead, 
aneoio,  fto.,  may  be  removed  by  mAlting  Jn  |^ 
nTwberatory  foniacc,  or,  if  pnaeot  in  amall 
quantities  only,  by  treatment  in  cnicibles. 
The  Mocbius  process  of  electrolysis  is  describctl 
under  CtoLD. 

Silver  obtained  by  amalgaitmtiun.  by  the 
lixiviation  proeeshei',  or  in  the  form  uf  '  Blick- 
silbcr '  by  cupellation  is  often  refined  in  crucibles. 
In  RossJ^'s  ftzooeM  (Sohnabel  and  iouis'  Metal- 
lurgy, rol.  i.  729)  ajlver  sulphate  is  added  to  the 
metal  to  ehniinato  lead,  bismuth,  and  more 
oxidiijable  metals.  The  silver  is  melted  in 
plumbago  crucibles  and  oovered  with  a  layer  of 
sand.  The  silver  sulphnto  is  then  added  and 
stirred  in  with  an  iron  rod.  It  is  decc»miHi.Med 
(at  1085^  according  to  Aiedxioh}  inUj  hiUvt, 
Bolphur  dioxide,  and  oxygen,  and  the  base 
metals  are  oxidised  by  the  latter.  At  Lautcnt  hal 
three  or  four  suoce.s.sive  additions  of  silver  s^id- 
phatearo  made  in  treating 'Bliciosilber'  which  is 
950-980  fine,  the  toUA  amount  of  silver  sulphate 
added  beini;  from  1|  times  to  twice  the  W(>ight 
of  the  impuriticH.  The  slog  consists  ot  silicates 
of  iron,  lead*  bismuth,  &c.,  and  contains  1*88  p.o. 
of  silver  according  to  an  analysis  by  Hampe. 

Another  method  of  refining  sucK  silver  is  to 
pass  air  through  the  molten  met^il  containcti  in 
pots  and  covered  by  a  layer  of  sand  (Eose, 
Tiaaa.  I.11M.  1906»  14, 877). 

Cement  silver  which  contains  .^iher  chloride 
is  melted  xith  (»ustic  potanh  or  soda.  Thus  at 
tSohmdllnitz  (Sohnabel  and  Louis,  Ix.)  246  lbs. 
of  cement  silver  arc  melted  in  a  plumbago  crucible 
■with  1-5|  lbs.  of  cauRtic  potash  in  order  to 
deeoriijMise  the  silver  chloride  and  5-20  oz.  of 
saltpetre  for  the  oxidation  of  antimony,  Slc 
The  prooeas  lasts  about  6  hours. 

Uses  of  sihrr.  Silver  is  mainly  uird  in  the 
form  of  its  alloys  with  c'op|>er  for  conversion 
into  coin,  plate,  and  jewellery.  The  alloys  used 
in  coinage  contain  from  400-945  parts  of  .>-iI\rr 
jx-r  1000,  the  most  usual  standanls  beuii^  isi5, 
!MMi,  and  925  [sec  Kose's  '  Precious  Metala.*  239). 
I*'or  (k  tuilij  of  coinage,  «e«  Gold.  Silver  wares 
are  of  many  different  standards  (see  *  FreoioUB 
Metals,*  215). 

^  fciilver  plate  often  tx/utains  0-5  p.c.  of  cad- 
mium to  facilitate  the  production  of  sound 
malleable  callings.  The  ingots  of  silver  are 
rolled  out  into  Mheets,  which  are  pickled  and 
tilit  into  strips  for  the  production  of  wire,  or 
stamped  out  and  the  pit-ccs  shaped  by  slhJciog 
liotween  dies.  Silver-plating  is  euried  out  in 
cyariide  l^aths  containing  about  3  oz.  uf  i>ota«.sium 
cyjinuie  and  1  oz.  of  sjlver  per  gsUou  ot  water. 


Production  of  silver.  The  annual  production 
of  silver  has  risen  almost  continuoudy  sinoo 
1880.  In  1830  the  world's  production  was 
aliout  460.000  kilojr??.,  in  1880  2,500.000  kilogs.. 
in  1900  6,600,000  icilog«.,  and  xn  1910  7.2G7,4li3 
kilogs..  valued  at  £24,563,000.  'ITie  production 
dejM>n<lH  hir^ely  on  that  of  load  and  copper  by 
smelliug,  in  \vhich  silver  is  a  bye-product. 

The  largest  amount  of  silver  is  produced  by 
Itfexioo,  fol^wed  by  the  United  States  and  Panada. 
These  three  countries  between  them  aoooant 
for  about  70  p.c.  of  the  world's  product.  The 
price  of  silver  is  quoted  in  Lond<m  in  pence  per 
standard  ok.,  925  fine,  aad  in  the  United  States 
in  cents  per  fine  ounce.  It  ^vas  about  60  ponce 
per  stanuard  ounce  frtjm  1830  to  1873,  but  after- 
wards it  fell  almost  continuously  M'ith  some 
fluctuations  unttl  1902,  when  it  was  24  penoe. 
The  price  ui  1912  was  about  28  pence  per 
St  in  l  ir d  ounce. 

Alloys  o(  Silver.  The  ailvcr-copper  alloys  are 
by  far  the  most  important  of  tlieee  commeKially. 
Tile   urhlition  of  a  few  per  cf>nt.  of  copper  to 
silver  lowers  lia  nielting-poiut,  prevents  it  frt»in 
effervescing  on  solidification,  enables  sound 
castincs  to  be  made,  and  makes  it  hacder  without 
sensibly  impairing  its'  malteability  or  altoing 
it*  colour.    The  .Huix  riorif y  of  such  alloys  over 
pure  silver,  as  well  as  their  lower  cost,  led  to 
their  use  in  coinage  and  for  ornaments  in  very 
early  time?.    For  the  melting-points  of  the 
alloys,  sec  Heyoock  and  Nevillo  (I'hiL  Trans. 
1897,   189  A.  25).    Levol's  alloy,  containing 
71*89  p.c.  of  silver,  is  the  alloy  of  lowest  melting- 
point  (eutectic  alloy),  solidifying  at  778".  Thw 
alloy  is  uniform  in  composition,  but  in  tho 
others  segregation  takes  place  on  solidification, 
those  oontaming  more  than  71 '89  p.c.  of  oItct, 
becoming  richer  in  silver  in  the  interior  than  on 
the  outside,  and  those  with  less  than  71' 89  p.0.  of 
silver  changing  in  the  reverse  diieotkm.  Tho 
differmce  in  oompositicm,  however,  between  tho 
inside  and  the  outside  of  an  ingot  never  exceeds 
a  few  ]>art.s  per  thousand.    Tor  tho  s{>ecific 
gravity  of  tfaio  alloys,  see  Karmarsch  (Oingl. 
ix)ly.  J.  1877, 228, 335).  The  density  of  British 
silver  coin  and  plate  (925  fiiie)  is  10*37,  and  that 
of  the  90U  stanclard  is  10*31.    Various  standanb, 
douTt  to  400  fine  (t.«.  sUver  40  p.c,  copper 
00  p.c),  are  in  use  for  ooinago  abroad.  The 
silver-copper  alloys  blacken  when  heated  in 
air.  but  the  black  oxide  of  copper  is  removed 
and  a  frosted  surface  of  pure  silver  produced  by 
treatment  with  dilute  siuphurio  add. 

Silver  and  lead  mix  together  in  all  propor- 
tions when  molt^m,  but  on  soliditicatiou  thoy 
separate  oompletely  and  the  alloys  undergo 
segregation,  so  that  they  are  not  uniform  m 
composition.  The  valuation  of  argentiferous 
lead  produced  in  smelting  is  therefore  difficult. 
The  eutectic  alloy  contains  2*6  p-c  of  silver 
and  solidifies  at  303*.  This  freezing-point  is 
observable  even  in  an  alloy  cnntainini:  over 
99  p.c.  of  Sliver  (Pctrenko,  Zcitsch.  anorg.  Chem. 
1907,  58,  200).  In  aUo\«  containing  less  than 
2'5  p.c.  of  silver,  crystals  nf  nearly  pnrr  le.id 
separate  out  between  320  antl  3i»3  .  Tho 
Pattinson  process  of  desilverisatioa  of  lead  is 
based  on  these  properties. 

Siher-bimnmih  alloys  are  similar  to  the  stlver- 
li  ad  allov  :  .  The  eutectic  contains  2*5  p.c.  of 
Sliver  and  bulidiUcs  at  2^2°.   It  persistii  almost 
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to  the  puro  silver  end  of  the  series,  "lAfclng  ftU 
the  alJo;^  brittle,  particularly  if  copper  is 
present  also.  In  the  latter  caiic  annoaliuK  is 
us('l)s.>,  M)  that  a  trace  uf  bismuth  noMces 
BtandaFil  luiver  unlit  for  ooiiMige. 

B^DDt-mmmy  alluyH.  8»  Akaloamb. 

Silver-gold  alloys.    Sue  Gold. 

Silver-zinc  aliuyti  are  rea<lily  formed,  zinc 
removing  silver  from  molten  silver-loMl  Alloys. 
It  is  prubable  that  in  this  vhhv  tho  pomponnd 
AgZn,3  iH  forme<l,  which  luclts  at  about  -130*^, 
and  rii-rrf  to  the  top  of  tho  lead-bath  forming  a 
crust  iu  which  some  laad  is  entangled.  The 
nno  oui  be  femoved  from  the  ftUoy  by  distilla- 
tion r>r  troatnicnt  with  acid. 

Alloys  of  silver  with  tin*  platinum,  alumi- 
nium, thallium,  and  nidtael  l»y  also  been 

Btudit'd. 

Bibliography.  DotJiikd  information  on  the 
niftallurgy  of  silver  may  be  found  in  Percy's 
Silver  and  Qold,  1880,  U.  F.  CoUins*  MetaUuigy 
of  Lead  and  mrtr^  1900,  Sohnabel  and  Louis' 

Handbook  of  Metallurgy,  1007,  Rosir's  Precious 
Mt'talis,  1909;  in  the  traniwctiuns  of  various 
societies  such  as  the  Institution  of  Mining  and 
Motallurgv,  London,  thf?  Anurk-aii  Institution  of 
Mining  Kngineera,  and  the  t'htniical.  Metal- 
lurgical, and  Mining  Society  of  Honth  Africa. 
St«  also  the  (annual)  Mineral  Industry,  the 
(monthly)  Mining  Magazine  and  the  weekly 
jounials,  tin;  Mining  Journal,  the-  Mining  and 
iScientiiio  Pre^  (San  Francisco),  the  Kngineering 
aud  Mining  Journal  (New  York),  and  the 
Mexican  >!iTiinL^  T.  unial.  T.  K.  R. 

Colloidal  silver  wn.s  first  obtained  by  Carey 
Lea  (Amer.  J.  Sci.  1SH9.  37,  476;  ibid.  38, 
47,  129 ;  ibid.  1894,  48,  343 ;  Phil.  Mag.  1891, 
81,  238,  320,  497  ;  32,  337)  by  the  reduction  of 
silver  salts  with  the  iMi-tallic  salt.s  of  or):anic 
and  inorgaoic  acids.  Dextrin  or  tooain  may 
also  be  used  as  reducing  agcnte.  OoUoidal 
silver  is  prepared  by  adding  to  600  c.c.  of  a 
10  p.c.  iiiiver  nitrate  solution,  a  mixture  of 
280  grms.  of  cry.stallisod  sodium  citrate  dis- 
solved in  COO  C.O.  of  water  and  500  c.c.  of  a 
30  p.c.  solution  of  crystallised  ferrous  Hulpluite 
wtn  constant  stirring.  The  prccipitatr  is 
wushed  by  deoantation  with  dilute  sodium 
citrate  solution,  dissolved  in  water  and  repre- 
cipitatcil  by  the  additi  in  of  absolute  aloohoL 
Aa  thus  prepared  it  is  a  pale  lilac,  blue  or  greon- 
ooloured  mass  loming  a  deep>red  aqueous 
•olution. 

Colloidal  silver  may  be  prepan'd  by  patjsiiig 
an  eliTtric  current  between  silver  poles  under 
water.  With  a  small  curreut  biown  solutions 
of  low  oottdnotiTity  are  ohtamed,  whereas  with 

stronger  ctirrmts',  the  particles  of  silver  increase 
in  aiiM  and  tho  HuluLioati  Imjcoluu  grM.'Ui«h  or 
bright  green,  and  poaness  a  greater  conductivity. 
Tho  conductivity  of  colloidal  silver  solutions, 
which  is  greater  than  tliul  uf  uuter,  js  supposed 
to  be<iuetothc  pn  -^riu^  of  silver  oxide  (Rcoi^jre, 
Compt.  rend.  1909.  148,  364).  The  addition  of 
an  deotrolyto  also  oonverts  the  brown  into  a 
green    wlution  {see    also  VVoudstra,  ZeiiMh. 

Shysikal.  Chem.  1908,  01,  fio7 ;  Lottermoscr.  i 
iid.  62,  284). 
Solutions  of  colloidal  silver  arc  also  said  to 
be  obtained  by  heatin;^  silver  with  di.stilU<l 
uuter  for  a  ioii^j;  imi.'  (Traulx'-Mongarini  and 
Hcala,  Attl  Bi.  Acead.  Linoei»  1900,  £v.J  18, 642). 


Colloidal  silver  may  also  be  obtained  by 

heating  silver  nitrate  with  an  alkaline  solution 
of  proto-  or  lys-albinate  (Paal,  Ber.  1902.  35, 
2206),  or  with  formaUlchydc  and  wtdiuni  sili(  ate 
(Kllspert.  ibid,  1902.  35^  2815,  40G6.  4070).  or 
wHAi  aonddehyde  and  gelatin  solution  (Osstoro, 
Gazz.  chiin.  ital.  1907,  37,  i.  391),  In  the  last 
case  the  (Solutions  have  the  colour  of  bromine  and 
may  be  kept  for  years  without  ohaoghig  their 
colour  and  ])rojM'rtipf». 

According  tu  an  U.S.  Pat.  (701000,  1902)  a 
colloidal  silver,  distinguishcii  by  its  pniin  rty  of 
retaining  its  solubility  in  dilute  alKalis  aJtter 
having  l^n  precipitated  trom  aqueous  soIutionB 
by  acids,  is  obtained  by  the  action  of  silver 
chloride  on  an  alJialino  solution  of  the  products 
of  decomposition  of  albumins  by  wam  dihito 
alkalis  (J.  Soc.  Chem.  Ind.  1902.  916). 

For  other  methods  of  preparing  colloidal 
silver,  gee  ischneider  (IJer.  1891,  24,  3370; 
1892, 25, 1 164, 1281, 1440} ;  Bams  and  Schneider 
(Zeitsch.  physilosL  Chem.  1891,  8,  278 ;  Wied. 
Ann.  1893,  48,  357)  ;  Oberbeck  (»W<i.  746) ; 
Blake  (Amer.  J.  Sci.  1903,  16,  282);  Lottcr- 
moscr  and  Meyer  (J.  pr.  Gbem.  1897.  56,  241  ; 
ibid.  ISnS,  57,  540) ;  I>ottcrmoser  {if>id.  19()r>.  71, 
206);  (Jhasscvaut  (Bull.  Hoc.  chim.  1UU4,  31, 
11);  Gutbicr  and  Hofmeier  (Zeitsch.  anorg. 
Chem.  1906,  46,  77);  Kohlsohiitter  (Zeitsch. 
ElektTOchem.  1908,  14,  49). 

The  colour  of  colloiilal  silver  \aries  very 
largely  with  the  mode  of  preparation  ;  it  has 
never  been  obtained  absolutely  pure  and,  aooord* 
ing  to  Hanriot  (Compt.  rend.  1903,  137,  122), 
the  different  varieties  are  distinct  chemical 
individuals,  the  '  impurity  '  forming  an  integral 
part  of  the  molecule.  Their  colour  is  affected 
by  light,  but  this  change  is  said  to  he  prevented 
bv  the  atldition  of  certain  orj/anic  liquids 
fUalUgber,  J.  Phvs.  Chem.  1906,  lu,  701).  AU 
forms  of  the  solid  are  brittle,  easily  powdered, 
amalgamate  with  mercury,  and  are  instantly 
converted  by  acids  into  normal  grey  silver, 
without  evolution  of  gas. 

Cnlloitlal  silver  is  sometimes  kno^vn  as 
collargul  ui  therapeutics,  but  this  name  (acconling 
to  Uanriot,  I.e.)  should  only  Ik-  applied  to  thos<^ 
forms  wliioh  contain  albuminoid  matter,  or  a 
certain  ohaiaoteristio  grouping  (IMnlos  and 
Cothereau,  J.  Soc.  Chem.  Ind.  1903,  315, 
614;  Hanriot,  Cumpt.  rend.  1W3,  136, 
1448). 

Colloidal  silver  is  used  ni  medicine,  chiefly 
for  the  preparation  uf  Credo's  uiuimeiit  (  Unguen- 
turn  Credt')t  which  is  composed  of  15  parts 
colloidal  mlver,  6  of  vater,  10  ol  white  wax,  and 
70  of  bensoinatad  laid.  l!lie  ointment  is  used 
in  the  troatmont  of  various  fmns  of  leptio 
infection. 

Preparations  oontaining  colloidal  silTer  or 
silver  oxide  are  prepared  oy  treating  aqueous 
Moiutioiid  of  silver  salts  with  an  alkaline  solution 
of  a  tannin  (e.^.  catechu,  oatechin,  kino, 
which  yield  protoNsatechuic  acid  and  phloro* 
glucinol  when  fused  with  potassium  hydroxide. 
Till*  colloidal  solution^  so  formed  are  freed  fr<>m 
alkali  and  salta  by  dialysis  and  then  evaporated 
to  dryness  in  a  vacuum.  The  products  are 
soluble  in  ■crater  and  pns.«rsH  the  anti«eplic 
properties  of  colloidal  silver  and  the  astnngent 
proix^rties  of  tannin  subetanooa  (D.  R.  P. 
208189). 
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Silver  Oxides  axd  Salts. 

Silver  oxide  Ag^O  nblained  a  brown, 
liydratccl  precipitate  hy  addition  of  putAHh  to 
wilvcr  nitrato,  or  an  a  bliiish-blaok  powder  by 
boiiiug  the  precipitated  chloride  with  cou- 
oentiAted  potub.  It  is  wiao  fertned  in  Rtnnl] 
quantities  when  silver  is  boated  in  air  (<v  oxv^'en 
lit  mj  .-3^°  (Bcrthelot,Conipt.  rend.  ISIOU,  131, 
ll.-)!t). 

When  dripd  iit  r,0'-SO°  it  becomes  almost 
black.  At  orduiary  L*;m^eraturo  it  is  soluble  in 
15,300  parta  of  water  (F^vi,  Oass.  ohim.  ital, 
1901,  31,  iL  1),  the  solution  having  an  alkaline 
reaction  and  a  metaUio  taste.  Acids  dissolve  it, 
wth  production  of  salts,  which  are  mut  rally 
anhvdrous.  The  recently  precipitated  moist 
oxide  absorbs  carbon  dioxide  from  the  air  (Rose, 
Ann.  85,  304).  TI\<lrogen  reilucea  silver 
nxidf  tu  metal  at  100°.  'J'ln  and  oopper  aluo 
rrducc  it  in  prcsfnc*'  of  ^vat■e^,  and  carbon 
monojdfie  reduces  it  in  t  hr-  dry  state  at  ordinary 
temperature  (Dejost,  Compt.  rend.  1905,  140, 
125l>).  ^MJ  II  hc.itcd  at  250'  it  begins  to 
dcconipj^i ,  and  above  270°  it  npidiy  loses  its 
oxygen,  which  is  entirely  evolved  at  about 
300^-340*. 

Silver  oxide  decomposes  soluble  chlorides 
with  format^  of  stiver  chloride  and  precipitates 

till-  corTe«pf)ndinp  oxide  from  snlittions  of  many 
mctallio  Baits.  When  rubbed  in  a  mortar  with 
sulphur,  phosphorus,  antimony,  or  arsenic 
sulphides,  or  with  any  other  readily  oxidiniildc 
anbstance,  ijmition  takes  place.  Silver  t»xidc 
dissolv.'s  in  ammunia,  Inii  care  should  be  taken 
in  lurking  with  amrooniacal  silver  solutions  as 
dangerous  explosions  may  sometimes  occur 
(Matignon.  lUilI.  Soc.  rhim.  1908.  [iv.]  3,  618; 
Sic  verts,  Zeitwh.  angew.  Chem.  1909,  22,  6). 

Silver  oxide  is  used  to  impart  a  yellow  oolonr 
to  pla'sa.  one  ]»r(»crss  Ixin^r  (o  dip  tin-  wurni  uluss 
ill  a  Ilux  cuJiipoiSfd  of  20— ',H)  part«  of  &uUium 
metaphosphate  and  4  of  silver  nitrate,  or  in  the 
ease  of  small  articles,  a  mixture  of  clay  and  silvc^r 
oxide  i«  applied  to  the  nurfaco  an<l  the  article 
heated  in  a  muffle.  To  nlilain  a  metallic  lustre, 
small  quantities  of  silver  nitrate  are  (used  with 
the  material  for  makmg:  glass,  and  wMle  tiie 
melt  i-  lint  the  Hurfac  f  is  rctluced  by  being 
exposed  U>  ulcoiiol  vajjourj*  (Zsiffmnnd}',  DingH 
poly.  J.  1897,  300,  91,  08).  It  -oinrtimea  re- 
places the  nitrate  in  me<Ucine,  as  its  di.Molouring 
action  on  the  skin  after  prolonged  inttnial  use 
is  imu  li  less;  on  the  other  hand,  its  slight  solu- 
bility causes  it  to  be  of  perhaps  less  l>enef]t  than 
the  nitrate  (Nat.  Standard  Dispensatory.  1905). 

r.  illnldal  '^iher  oxide  or  hydroxide  is  said  to 
be  contained  in  an  alkaline  solution  of  silver 

Srotalbinate  and  lysalbinate  (Paal,  Ber.  1902, 
5.  22«(ii. 

AcLujiluig  to  Bruce  (Chem.  News,  1884,  50, 
20S),  the  hydroxide  Ag,{OH)j,obtained  by  mixing 
dilut<>  .solutions  of  silver  nitrate  and  pifri'^h  in 
alcohol  of  90  p.c.  at  — rjO'R,  in  almusl  uhite. 
It,  however,  soon  darkens.  an»l  is  bri>wnish  even 
at  -40*l!\  (we  also  Jbr.  Pats.  3428t»5,  Umni 
Camelly  and  Walker,  Chem.  Soo.  Trans.  1888, 
79:  r>>liii  (.  ill.  clK  in.  Zentr.  1909,  ii.  1633). 
It  lH»ha\<..s  us  a  very  \\eak  l>ase. 

Silver  oxide  torrespond.s  to  tho  only  well- 
deiined  series  of  silver  salts,  most  of  \vh\>  ]\  ai. 
insoluble  in  water.    Thu  aolubie  wilts  have  a 


I  neutral  rrai  ti.m  and  iin  unpleasant  metallio 
I  taste,  and  arc  often  poisonous  (Chem.  Zentr* 
;  1908.  i.  50;  Isar,  Bioehem.  Zeitseh.  1909,  20, 

I  249.  206). 

The  silver  salts  are  readily  rtduced  by  alde- 
hydes, aromatic  amines,  and  many  other  organic 
compounds  (Morgan  and  Mickelthwaite,  J.  Soc. 
Chem.  Ind.  1902,  1373).  Their  general  stability 
is  said  to  be  increas<xi  by  tlu-  addition  of  a 
thickening  medium,  such  as  gelatin  (Fr.  JPat. 
321830,  1902). 

Silver  salts  have  been  suggested  for  nse  irt 
the  8t«rUisation  of  drinking  water;  tho  patiH>- 
logical  organisms  of  cholera,  typliojd,  and 
dysentery,  are  instantly  fiestroved  by  very  small 
proportions  of  the  disinfectant  (Traetta-Mosea, 
Gazz.  ch;n'..  1;  il.  IWJ.  3J>,  i.  tHi). 

Silver  peroxide.  The  body  to  which  thia 
name  is  usually  applied  was  first  obtained  by 
Ritter  in  1804  by  the  electrolysis  of  a  .silver 
nitrato  solution  (Bcrthelot,  Compt.  zmd.  1880, 
90,  603;  «N1  1901,  13%  807;  1901,  133, 
566). 

It  was  for  a  long  time  considered  to  have  the 
composition  Ag.O.  (  Wallqiii  ,  T  pr.  Chem.  [i.] 
31,  179;  Fischer,  U/id.  32,  lUbJ,  but  more  recent 
ana]  V  dca  have  shown  that  it  oontaiiiB  nifxogen, 
and  has  the  oomposition  Ag^NOjt  ^ 

3Ag,O,AgN0j,20. 
It  is  therefore  termed  sifner  peroxynitrate  (Mulder 
and  Horinga,  Rec.  trav.  chim,  1S96,  15,  1,  235  : 
Mulder,  ibid.  IG,  67 ;  ibid.  1903,  22,  235,  405  : 
Sulo,  Zeitech.  anorg.  Chem.  1896,  12,  89,  180 ; 
ibid.  1900,  24,  SOf) ;  Watwn,  Chem.  Soc.  Trans. 

1906,  578;   Barbieri,  Atti.  R.  Accad.  Linoei. 

1907.  [v.]  16,  u.  72). 

According  to  Baborovsky  and  Kuzma 
(Zeitseh.  ph^aikal.  Chem.  1909,  67,  48).  the 
silver  perox\Tiitratv  (onaists  of  the  peroxide 
AgjO,,  mixed  with  silver  nitrate  (Boee,  ibid. 
1909,  68,  383).  Similar  peroxy  salt s  are  obtained 
by  the  eleetrolysis  of  otlier  silver  -  ill  i  Mulder, 
Rec.  trav.  chim.  1900, 19, 115 ;  Tanatar,  Zeitseh. 
anorg.  Chem.  1901,  28,  831). 

.silver  peroxynitrate  is  treated  with 
water  It  reacts  thus, 

Ag,N0„=A|^0,+3Ag,0,+0^ 

The  silver  nitrato  j.;oos  into  .^^olutiun.  and  the 
peroxide  thus  obtained  (Wataon,  i.e.)  is  precipi- 
tated  as  a  greyish-black  powder,  sp.gr.  7*44 
(approximately),  which  may  be  hoi  <!  to  lOO** 
without  change.  At  a  higher  temperature  it 
evolves  oxygen  and  deposits  Sliver.  With 
ammonia  it  reacts  thw 

0Ag,Oi+2NH,=N,+3H,O-i-3Ag4O,. 
the  latter  oxide  has,  however,  not  been  isolated 

(sec  also  Bert  helot,  I.e.). 

Both  the  peruxy  salts  and  the  peroxide 
dissolve  in  cold,  strong  nitric  acid,  forming  an 
intensely  brown  solution,  and  in  strong  sulphurio 
acid  with  an  olive-green  oolonr. 

Silver  peroxide  i.s  also  said  to  be  obtained!  Lv 
the  action  of  x^itassium  peraulphato  solution  on 
silver  nitrate  or  silver  sulphate  (Ifarshall,  Chem. 
Sf)c.  Train.  1 891,  771),  and  by  the  action  of 
o7x5ne  (»i  .--ilvLT.  Po.ssibly  the  oxide  AggO«  also 
exist.")  (Luther  and  I'ofawny,  Zeitscli.  anorg. 
Chem.  1908,  57,  290). 

Silytr  earbonate  AgJ  Oj  i.-^  obtained  by  pre- 
eipltating  silver  nitrate  with  an  alkaline  car- 
bonate, as  a  white  precipitate,  which  tums  yellow 
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on  trashing,  and  is  blnoken«d  bv  Ijglit.  It  ia 
said  to  loeo  the  vrhole  of  its  oarnm  aio^e  at 

200*  (Colson,  Compt.  rvml.  1905.  1  to.  865). 
A  solution  of  the  salt  in  ammonia  gives,  on 
addition  of  aloohol,  a  grey  precipitate  having 

the  composition  Ag,C0„4NHj. 

According  to  G.  S.  John.HCjn  (Uhem.  News, 
1886,  64,  76),  it  is  obtained  in  crystals  by  dis- 
solving the  precipitated  carbonate  in  water 
saturated  \vith  carbon  dioxide  .at  15°.  He  has 
also  obtained  it  in  large  glistening  yellow  pri.snus, 
which  melt  at  low  miueas  and  decompose  at 
a  someivfaat  Id^hsr  temperatoxe  iriCk  erofaition 
of  carbon  dioxide,  by  exposure  of  the  OZidc  in 
preseneo  of  water  to  the  air  for  2  months. 
JSohulten  (Compt.  rend.  1887,  105,  881)  has 
ubtainod  a  white  precipitate  M'hich  changes  to 
microscopic  crystals  of  tne  composition  AgKCOj, 
by  the  addition  of  silver  nitrate  to  a  concen- 
trated solution  of  potassium  carbonate  con- 
taining free  oarbon  dioxide.  Water  deoomposee 
the  crystals,  with  formiitirm  of  the  normal  car- 
bonate (Reynolds,  Lhcm.  Sue.  Trans.  1898, 205). 

Colloidal  silver  carbonate  can  be  obtained 
by  adding  silver  nitrate  to  sodium  proto-  or  lys- 
aihinate  and  dissolving  the  silver-albinate  so 
obtainctl  in  sodium  carbonate  and  dialysing  the 
solution  (D.  R.  P.  176794).  This  can  bo  em- 
])loye(l  an  a  general  method  for  the  preparation 
of  colloidal  .silver  compounds,  suoh  as  the  jihos- 

£ hate,  sulphide  and  the  halides  (i'aal  and  V'oss, 
k;r.  1904,  37,  3862). 
Silver  nitrate  AgNO^  is  usually  prepared  by 
dissoh'ing  silver  in  nitric  acid,  anil  is  largely  so 
obteined  in  the  '  parting  '  of  silver  from  gold  by 
nitrio  acid.  Tike  salt  may  be  freed  from  oojiper 
by  boilmg  vfith.  freshly  precipitated  silTer  oxide, 
which  prtcipitati's  the  eopper  as  oxide,  or  hy 
heating  the  fusc<l  salt  until  the  cop^ier  nitrate 
has  been  decomposed,  wiiich  occurs  before  the 
silversalt  is  afT<'Cte«l.  When  a  portion  disxjlved 
in  water  and  trcateil  with  ammonia  gives  no 
blue  colour,  the  mass  is  cooled*  dissolved  in 
water,  filtered  from  the  copper  oxide,  and 
rociystallised.  Ja  ivorking  up  photographic  and 
other  silver  residues,  the  chloride  producefl  from 
solutions  by  addition  of  hydrochloric  acid,  and 
the  mah  of  papers,  &c.,  is  mixed  with  4  or  6 
times  its  weight  of  .sodium  enr^wlnatl•  nr  <if  a 
mixture  of  potassium  and  .sodium  carLionateH, 
and  is  heated  in  a  crucible  to  bright  redness, 
when  the  silver  collects  as  a  button  in  the 
lx>ttom  of  the  crucible.  The  precipitated 
chloride  may  also  Ix-  n  iliicc<l  ))y  zinc  or  irtJii  in 
water  slightly  acidulated  with  hydroclilorio  or 
snlphmio  aoid. 

(Silver  nitrate  orvstaliiHe.s  in  colourless  rhom- 
bic Uihics  of  sp.gr.  4-328  (8<;hr6der,  Pogg.  Ann. 
I(y6,  226).  melting  at  218^  (Camellcy,  CTicm.  Scjc. 
Ttmis.  1878,  276),  and  tesolidifying  to  a  fibrous 
crystalline  mass.  According  U)  l>uinchant  it 
melt^  at  209'  (Compt.  rend.  llMMt.  UH.  rm).  At 
169°  it  passes  from  the  monoclinic  to  the  ortho- 
rhombio  form.  When  the  fosed  salt  is  oast  in 
sticlcs,  it  forms  the  lunar  caustic  of  pharmacy 
(Wanlen.  Pharm.  J.  1897,  58,  61).  At  u  heat 
nmeh  below  redness  it  is  tlccomposed  into  silver 
nitrate,  with  evolution  of  oxygen,  and  at  a  re<l 
heat  into  silver,  nitrogen  ]X'n»xid<\  tixycen,  and 
nitrogen.  Aci-onlini;  to  (  olson  it  lotnniciiccs  to 
dooomposo  at  350°  (Compt.  rend.  litOO,  148,637; 
Diven,  CSwrn.  Boo.  Tnos.  1809,  83). 


Water  dissolves  (he  uitoate  with  formation  of 
a  neutral  solution  ;  hot  alcohol  dissolves  about 

a  fourth  of  its  weight  ;  .strong  nitrio  acid  has 
but  little  solvent  action.  According  to  Kremoia 
(Pbgg.  Ann.  92,  497)  its  solubaHyln  100  parta 

of  water  is  : — 

0"       19-6*      64*      86"  110* 
ISl'O      827-3      SOD      714  1111 

{«ee  also  Landolt  B6rii.st<  in,  Tahcllcn,  190.5,  520). 

Tilden  and  Shenstouo  (PhU.  Trans.  175,  33) 
End  that  100  pavta  of  water  at  126"  dissolve 
1622-5  parts,  and  at  188**  no  leas  than  1941>4 

parts  of  the  salt. 

l>ry  silver  nitrate  absorbs  ammonia,  with 

evolution  of  sufficient  heat  to  fuse  it,  and  produc- 
tion of  a  compound  of  the  formula  AgNOj.SNH, 
(Rose,  Pogg.  Ann.  20,  153).  Ammonia  nitrates 
of  the  composition  AgNOs.NHs  (Revchler.  Ber. 
16,  992.  and  2421)  and  AgNU3,2NH',  (Mitschcr- 
lich,  Pogg.  2\im.  9,  413  ;  and  Marignac,  Ann* 
Min«  I  v.]  16,  26),  have  also  beenprepared. 

Sttfw  aaoMoto-iiltnte  Ag(NH,)3N()3  is  ob. 

tained  in  white  acicular  crystals  by  treating  a 
strong  aqueous  solution  of  5  grms.  silver  nitrato 
in  4-5  c.c,  of  water  with  a  concentrate<l  solution 
of  ammonia  until  the  precipitate  first  formed  is 
almost  redissolved  and  a  faintly  opalescent 
liquid  is  obt«ine<l.  Thi.s  i.s  filtered  and  120  c.c. 
of  aloohol  is  added  wlien  the  crystals  separate 
oQt.  If  elher  is  used  instead  of  aloohol  the  salt 
is  obtained  in  the  amorphous  state  (C^astoro, 
Cazz.  chim.  iUl.  1907.  37,  i.  310;  Liippo 
C  ramer,  Chem.  Zeit.  1904, 28,  Rep.  296). 

Double  nitrates  of  the  cf)niposition 
A<iNO,.KNO,;  AgNOj.RbNO,;  and  AgNU,, 
NH4NO3  have  been  obtained  by  Ditte  ((^mpt. 
rend.  1886*  101,  878 ;  see  ahio  Rose,  ^.c). 

Silver  nitrate  forms  fairly  stable  sMta  with 

Xragine,  carbamide,  un  thane,  leucine,  and 
r  amino  derivatives  ((  a.storo.  I.e.). 
It  also  forms  other  additive  organic  oom- 
pounds  (SohoU  and  Stoinkop,  Ber.  1900^  39, 
4393). 

With  io<line  silver  nitrate  reacts  thus 
r,AgN03  +  3l,  +  3H,0=5AgI  foHXOj^-HIOj 
(Pawlof!  and  Schcin,  J.  Kuss.  Phys.  ('hem.  iioc. 
1907,  39,  943). 

Senderens  (('<inipt.  rend.  1887,  104,  17"),  and 
f»(M )  has  examined  the  action  of  zinc,  lead,  tin,  and. 
aluminium,  and  of  selenium,  ti  llurinm,  anMiic, 
pliosphorus,  iodine,  and  bromine  on  aqoeous 
silver  nitrate. 

Silver  nitrate  is  u.sed  as  a  niarkiiiL'-ink  and 
as  a  constituent  of  certain  hair  dyes,  and  is  very 
largely  employed  in  photography,  tt  is  used  in 
mt'ditinc  txith  extenially  and  internally  {v. 
.Squire's  I'omiMinion  to  the  British  Pharma- 
copoeia, 1890,  79,  and  the  U.S.  Dispensatory, 
1879,  1088 ;  Nat.  Stand.  Di.s|)ensatory  by  Hare 
Oaspari,  &e.,  1905 ;  Pigorini,  Atti.  R.  Acead. 
Lineei.  UH)~,  v.  K).  i.  359).  It  is  also  iised  in 
chemical  analvttcal  worlc 

An  unstable  pemiinie  A^04  has  hem 

obtained  hy  Bahorovsky  and  Xuima  ZeitSOAu 
Elektrochein.  I'.KiH,  14,  196). 

Silver  nitrite  AgNO,  is  best  obtained  by  pre- 
cipitating .siher  nitrate  solution  with  j)ota.siiium 
nitrite  (V.  .Meyer.  Annalcn.  Ib74.  171,  23).  It 
forms  a  white  crystalline  jKjwdcr,  dilTicultly 
soluble  in  cold  water.  From  liot  solution  it 
separatea  in  yellowidi  needles  or  prisms.  It 
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does  not  melt  but  docompoROS  freely  at  180" 
(Wvcrs,  Chcro.  Soc.  Proc.  l\m,  U81). 

With  iodine  in  carbon  tetrachloride  it  gives 
a  quantitative  yield  of  nitrogen  peroxide 
(Np<  lni.  HT,  Brr.  IWt.  37,  1386). 

'iVipie  nitrtte^i  with  ctesiuni,  lead,  strontium, 
and  potassium  have  l)ccn  prepared  (Jamieson, 
Amnr.  nioin.  J.  Iil07.  38.  614).  and  a  d.mhle 
nitrite  with  cobalt  hv  Cunningham  and  IVrkin 
(Chem.  See.  Trans.  1909.  1568). 

Silver  liyponltrlte  (Afi^^)g  is  a  knight  yellow 
mlt  stable  at  100",  bat  deoompoeingr  in  air  when 
moist,  thus:  2(ApNn)..  4A^  +  X,^2NO,; 
4NOt+(AgN01,=2AgNU,+4NO  (Divers,  J. 
800.  Cbem.  Lid.  1899.  274 ;  Kiradmer,  Zeiteoh. 
anorg.  Chem.  1898,  16,  424). 

SUver  nitride  Ag,N,  or  Berthelut'»  fulminating 
ttilvfr,  is  obtainetl  when  freshly  precipitated  oxide 
is  dissolved  in  ammonia  and  the  solution  e:^oeed 
to  the  air  (Grell's  Annalen,  1788, 2, 390  ;  Raeohig, 
Annalcn,  188t.,  2Xi.  1)3). 

It  forms  a  black  powdery  precipitate  or 
blaek  InstroOB  oryBtals.  When  dried,  it  explodes 
violently  oti  the  sli^'htest  friction;  in  fact, 
explosion  frequently  occurs  even  under  \i-ater. 
Aoida  ooavert  it  into  amwionfa  and  aUver 
aalte. 

It  is  often  mixed  with  metallic  silver,  and 
sometimes  contains  liydrogen,  when  it  corri  - 
eponda  to  tbc  formuhi  NUAg|.  A  yellow  nitride 
ot  rilver  is  said  to  be  formed  by  heating  together 
silver  nitrntr  and  mnf^esium  nitritlc  in  a  sealed 
tube  (Smit«,  Kec.  trav.  chim.  1896,  15,  135). 

Silver  amide  AgNH,  is  formed  by  adding  a 
•solution  of  potasnamide  in  liquid  ammonia  to 
ail  excess  of  silver  nitrate  in  the  same  solvent. 
It  is  whit<',  is  soluble  in  liquid  aninioniu,  and  in 
ammonium  salt  solutions,  darkens  on  exposure 
to  light  and  explodes  rea<lily  when  dry  (Swnidin. 
J.  Amcr.  Chvrr.  St.  1903.  26,  827). 

Silver  azolmlde  AgN,  forms  minute  crystals 
insolubli-  in  water  and  very  explosive.  It  is 
oT>f  (lined  by  adding  silver  nitrate  to  an  aioimide 
solution. 

A  molybdenum  silver  cyanamine 
[Ag^NHjlMofrX), 

is  described  by  RoijctiLeitu   (Zcitisch  anorg. 
Chem.  1909,  65.  166). 

SUver  cyanide  A-f  "X  is  obtained  a.«t  a  white, 
curdy  precipitat*-  by  addition  of  a  soluble  ('vanidc 
to  Sliw  nitcate  solution.  It  di.><K(>lvos  readily 
in  aiinnonia  and  soluble  cyanides,  and  when 
hcatc<l  with  water  or  oaustio  potash  is  reduced 
to  Kilvcr  (Mii>li  Hiul  Struthers,  Chem.  S  "  .  Prog. 
19U2,  249).  Sulphuric,  hydrochloric,  or  boUmc 
nitrio  aeid  deoompnoes  it  with  evolution  of 
hydnxtvanic  acid  (FUmmer^  Chem.  Soc.  I^ans. 
im,  12). 

The  uninioiiiai  il   <  luti.  ii  i  MMt  iiii-  tho  com- 
pound Ak('N-N11,.  while  the  cyanide  solutions 
contain  double  cvniiideK.  MUch  as  AffCN'KCN  ; 
AuCN  NaCN  :  3AgCX-2KCN-NiiCN  i  l'.  iii]..  Ann. 
Chim.  Phys.  1862,  fiii.J  53,  402).   The  double 
cyanide  of  silver  with  a  heavy  metal  is  best 
olilained  bv  inlilition  rif  silver  potas-sium  cyanide 
to  a  soltnum  oi  ,1  K,ilt  of  tho  metal.  .Silver 
potat^iuin  cyanide,  which  is  omployeil  in  the  i 
electwplatinp  bHth(r.  I'lr.ECTROrLA'nNO).  crvi^tal-  1 
lisoa  in  re;,ailar  oc  tahedrn,  solnbic  in  4  parts 
of  water  at  20".  and  in  25  part^  of  nl   iliu!  of  I 
85  p.c.  at  20"  (Baup,  {.c ;  see  aLK>  Bailar,  J. 
Soc  Chem.  Ihd.  1910, 1085),  ' 


Silver  cyanate  AgCNO  is  a  white,  some- 
what  soluble  powder,  which  explodes  ou  heating. 
It  may  be  obtained  by  the  addition  of  silver 
nitntte  to  potassium  oyanate  solution. 

Silver  tnlocyanate  AizSCN  is  a  white,  euxdy 
precipitate  readily  soluble  in  ammonia. 

Potassium  silver  thfoayuiato  AgK(SCN)2, 

forini'd  when  silver  thiocyanate  is  dissolved  in 
potaiiKiuui  thiocyanate,  melts  at  140'',  and  is 
decomposed  by  water. 

SUver  SUlptete  may  be  obtained  bpr 

dissolving  the  metal  m  concentrated  sulphano 
acid  or  by  di.s.solvinii  the  oxide  or  carbonatr  in 
the  acid.  It  dissolves  easily  in  sulphuric  or 
nitrio  aeid,  but  reqQirefl  abont  20O  parte  of  ooM 
or  08-58  part.<)  of  hot  water  for  solution  (Bjremera» 
Pogg.  Ann.  92.  499). 

mlver  sulphate  crystallises  in  small  rhonibiio 
])ri8ms  isomorphous  with  anhydrous  sodium 
sulphate  (MitMUierlioh,  Md,  12, 138),  and  fusing 
at  654'*  (dmiellej,  Cbem.  See.  Thuu.  1878, 
279). 

An  aeid  salt  HAgSOi  crvstallising  in  pale- 
yellow  prisms,  and  a  double  sulphate  with 
aluminium  (silver  alum) 

Ag,SO„Al,(S04),.24H,0 
(Church,  Chem.  News,  1864,  9,  155)  are  also 
known.   The  latter  salt  crystallises  in  octa- 
bedra,  which  are  deoompo^  by  water  into 
the  component  sulphates. 

Silver  iiulphHtc  also  forms  double  salt^  with 
tin  and  antimony  sulphates  (Weinland  and 
Kuhl,  Zaitsoh.  aamtt.  Cbem.  1907,  64,  244, 
256). 

According  to  Carey  Lea  (Amcr.  J.  Sci.  1892, 
44.  322)  the  doubb  salt  Ag^SOf^^^U^O  ia 
produced  when  silver  nitrate  is  mluoed  with 

nypophosphorous  acid  in  presenct'  f  ulphuric 
arid.  It  furins  a  pale>browu  powder  wiiich, 
hou<  \  er.  cannot  be  wholly  purified  from  phoe- 

phonic  iir.Ii  I'-ide, 

Silver  sulphite  Aj^^'^SOj  m  obtained  in  siuall, 
white  glistening  needles,  "or  as  a  white  curdy 
precipitate,  by  dissolving  silver  oxide  in  sul- 
phurous acid  and  <«yBtaUising.  or  hy  precipi- 
tating a  silver  salt  with  sulphurous  acid  or  a 
■sulphite.  Several  double  alkaline  sulpliites  arc 
kixown. 

Silver  f;ulphitc  and  the  alkali  silver  sulphites, 
when  boiled  with  water  or  heated  at  100*,  aro 
converted  into  dithionates  and  onfynftcr  raising 

the  temperature  do  they  decompose,  forming 
.sulphur  <lioxide  and  .silver  sulphate  (Baubignv, 

Coinj't.  rend.  l!KMt.  140.  7:^).  S^.^  . 

Silver  thiosulphate  or  hyposulphite  Ag,8,0, 
is  ol>tamed  as  a  snow-white,  slichtly  sotuole 
|)owdrr,  of  swe^'tirth  ta!<fe.  In  addition  of  dilute 
sdver  nitrate  to  exec.'*H  lA  ctincentrated  sodium 
thiosulphate  (»'.  Herschel.  Edin.  Phil.  J.  1819,  1, 
26  an<l  2,  154).  It  fornui  double  salts  with  the 
alkali  metahs  (Richards  and  Fabcr,  Araer.  J. 
Sci.  21.  lt'7  ;  llosenheim  and  Stt  inhaiHcr. 
kitsch,  anorg.  Chem.  1900,  25,  72;  Gadioko, 
Zoitseh.  angew.  Chem.  1903,  16,  008).  The  salt 
NaAiiSjOj  i.s  obtained  hv  cvriporatint:  a  sr^lution 
<»f  .silver  chloride  in  soi.Uuiu  thiosulphate.  or 
Ixtler  by  adilini;  a  neutral  solution  of  silver 
nitrate  to  a  .s<dution  of  sodium  thiosulphate  until 
a  permanent  precipitate  is  formed,  after  ^ich 
the  solution  is  tilteretl  and  alooh'  il  is  .iddod.  The 
salt  is  thus  precipitated  in  aiikx  laminn. 

The  ammoniacal  aoluiioa  of  this  salt  m*y  bo 
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U8cd  for  Hilvcring.  Cohrii  (Ohem.  Soc.  Trans. 
1887,  39)  haa  doBcribcd  a  thiosulphato  of  the 
composition  Ag,S,0s,2KtSt0s. 

Silver  mlpbtit  Agt^  ucouxs  native  in  ar< 
geniUe^  vUretnu  tilver,  or  aUvar  gtmee.  Aa 
double  sulphide,  it  occurs  in  red  silver  ore 
3Ag,S,Sb,^.  It  may  bo  obtained  by  heating 
silver  chloride  in  a*  current  of  sulphuretted 
hydrogen,  hy  heating  .silver  M'ith  sulphur  or 
sulphuretted  hydrugfu,  or  by  precii)it«ting  mlvcr 
solutions  with  sulphuretted  hydrogen. 

Silver  suli^iidB  melts  at  812''  when  pure 
(Friedrich,  J.  Boc.  Chem.  Bid.  IWS,  403).  It  is 
gufHcii  i.tl\  -i)ft  to  bo  cut  \nth  a  knife,  and 
iuaca  readily  without  change,  but  when  roasted 
in  the  air  beoomee  gradually  converted  into 
silver.  It  is  decompo-ed  by  Ixiiling  strong 
solpliuric,  nitric,  ot  hydrochluric  acid  (Gruener, 
J.  Amer.  Chem.  Soo.  1910,  32,  1030),  and  is 
converted  into  the  chloride  bj  digestion  with 
enprous  chloride  solution.  The  preseooe  of 
sodium  chloride  facilitattH  the  latter  reaction, 
which  is  employed  for  removing  silver  from 
oertain  ores  Ivjr  dtssolving  tbe  silver  diloride  as 
fast  as  formed 

A  mixture  of  silver  sulphide  and  silver 
Bulpliate  in  moleoolar  proportionH  forms  a 
viscous  dark  red-brown  fluid  at  365°,  which 
imparts  to  glass  immersed  in  it  a  dark-brown 
colour,  the  .shade  depenilin^;  on  the  time  of 
immexsion.  The  glass  so  coloured  is  opaque  to 
bhw  and  nltm  vMet  r»>y^  and  may  be  used  for 
photographic  purposes. 

Siivcr  .sulphifle  forms  double  salts  with  other 
metallic  sulphides. 

Silver  dlsolphlde  Ag,Sj  is  obtained  bv  mixing 
a  sohition  of  silver  nitrate  in  bonronitrile  with  a 
s<jlution  of  .sulphur  in  carl)on  disuiphide.  It  is 
a  brown  amorphous  powder  insoluble  in  all 
oidinary  solvents.  Heated  in  a  test  tabe  it 
melts  and  then  decomposes.  It  i.s  also  decom- 
posed by  hydrochloric  and  by  nitric  acids 
(Uantooh.  Zeitsdu.anoig.  Cheni.  1889,  19, 
1<MV 

Silver  sub  sulphide     Silver  «uh-aalls,  &c. 

Silver  selenlde  As^jSe  ia  a  dark-grey  body, 
wiuoh  melts  at  SH^'-SdO"  to  a  silvery  mass 
(Friedricdt  and  Lsronx,  Metallurgie,  1908,  5. 
355).  It  is  obtained  by  hcatini,'  silver  with 
seieiiium.  or  hy  precipitating  a  silver  e>ulutton 
with  sel  iii  nrtted  hydrogen.  A  di-sclenide 
Ag^Se,  m  also  knoMm.  Selenidca  of  silver  and 
lea<l  (t%autnannite)  and  of  silver  and  cupper 
{eukarite)  occur  in  nature;  double  compounds 
with  antimony  and  bismuth  are  described  by 
Fftlabon  (Compt.  raid.  1908,  146.  975). 

Silver  chromate  .\  _'  ;CrO«  is  obtained  in  dark- 
red  crystals  by  the  addition  of  pota^um  chro- 
mate solution  to  silver  nitrate.  It  dissolves  in 
alkaline  chromates  and  in  thn  nitrates  of  am- 
monia and  tho  alkali-s  (11.  F.  CarponttT,  J.  iSoc. 
Chem.  Ind.  1880,  286;  and  Biscaro,  Chem. 
MewB»  1886,  53.  67 ;  Baxter,  J.  Amor.  Chem. 
Soc.  1909,  31.  529,  Ml). 

Wlien  the  red  .salt  is  di^-iolvrd  in  dibit*^  acetic 
acid  and  tho  solution  is  concentrated,  a  grecnish- 
blne  modification  is  formed  (Mjaraosohes.  Zeitsch. 
anorg.  Chem.  1906,  51,  231).  By  precipitating 
silver  nhromato  in  tht;  pn'sence  of  albuminous 
mibstnTKtaH.  a  colloidal  form  of  the  Halt  is  oblained 
<I).  R.  P.  166154  ;  Chom.  Zentr.  11X)6,  i.  617). 

By  cooling  a  hot  amrooniaoal  solution  of 


f^ilver  chrumafceyellowoiystaboC  Ag^CrO«,4NHs 
are  obtained. 

Silver  thiochromate  and  double  salt.s  of  tlio 
chromate  with  phosphotio  anhydride  aud  other 
compounds  are  known.  Fouibiy  potassium 
silver  chromate  may  exist  (GrSger,  Una.  1907,  iL 
616). 

Silver  ohromate  has  been  employed  in  minia> 

ture  pniiitin'j. 

Silver  dichroniate  Ag,Cr,0^  is  obtained  in 
dark,  reddish-bromi,  triclinic  prisms,  somewhat 
soluble  in  water,  by  precipitating  a  boiling  solu- 
tion of  ^ver  nitnto,  aoioifled  with  lUtrio  acid, 
with  potassium  dichroraate  solution  (Aut«n- 
rieth,  Bor.  1902,  36,  2057 ;  Mayer,  ibid.  1903» 
36,  1740;  Baxter,  ^c). 

Silver  phosphates.  Several  phosphates  arc 
knovoi.  The  normal  orthophaiphatc  Ag,P04  in 
obtained  as  a  lemon-yellow  powder,  ins^jluble  in 
water,  but  readily  soluble  in  aoida  and  ammonia, 
by  precipitating  a  silver  nitiate  sohition  with  an 
orthophosphaf  e.  It  may  bo  obtained  in  rhombic 
dodecahodra  (Joly,  Uompt.  rend.  1886,  103, 
1071).  It  fusee  at  about  849*'  (Camcllcy.  Chem. 
Soc.  Tnins.  1878.  280^.  Thr  dianjerUic  phos- 
phate AgjHPOi  may  bo  oblauied  in  colourless 
hexagonal  prisms  (Joly,  I.e.),  which  become 
yellow  in  contact  with  water  or  alcohol,  with 
decomposition  into  tho  normal  salt  and  phos- 
phoric acifl.  Silver  pyrophosphate  Aii/PjO,  i^ 
obtained  as  a  white  precipitate  by  addition  of 
sodium  pyrophosphate  to  silver  nitrate.  It 
fuses  at  585*  (Carnelley,  I.e.)  to  a  l)ro\\ii  liquid, 
which  re-solidifies  to  a  white  mass  of  radiating 
crystals.  It  is  soluble  in  ammonia,  from  which 
it  is  precipitated  unchanged  by  acids.  The 
dihydTo^en  pyrophosphate  HjAgiPjO,  is  formed 
by  heating  tho  pyrophosj^hato  with  aqueous 
phosphorio  aoid.  It  is  a  white  powder,  m.p. 
2400  (Chvalier,  Gompt.  rend.  1904,  189,  284). 
The  metapho-^phate  Ae-PjO^  or  AgPO,  is  ob- 
tained as  a  orystalline  powder,  slightly  soluble 
in  water,  and  fusing  at  482°  (Camelley,  I.e.)  to 
a  transparent  jzla.ss,  by  precipitating  silver 
nitrate  with  sodium  me Ui phosphate. 

Colloidal  silver  phosphate  is  obtained  by 
a<lding  silver  nitrite  to  a  solution  of  sodium 
phosphate  and  sodium  protalbinate  (D.  R.  P. 
175794  ;  Paal  and  Voss,  I.e.). 

A  silver  phosphate  emulsion  for  photo- 
graphic  purposes  is  prepared  by  adding  a  large 
excess  of  disodiura  phosphat<»  to  a  «iolution  of 
iiilvcr  uitraUi  and  gelatin.  Potassium  chlorate, 
citric  acid,  and.  if  nt'ceissary,  chmme  sium  are 
tlien  added  {Ft.  Pat.  378306,  1907). 

A  number  of  silver  nitrogen  phosphates 
(Stokes.  Amer.  Chem.  X  ISOt.  16,  137;  ibid. 
1890,  18,  646,  668;  ibid.  1898.  20.  767).  and 
silver  thiophosphates  (Ferrand.  Ann.  Chim. 
Phv^j.  1809.  fvii.l  17,  388;  Glatwl,  Z«ils.h. 
anorg.  (yhem.  1893,  4,  216)  have  Iwen  pr«q>  ire<i. 

Silver  phosphites  and  hypopho-phites  are 
also  known  (^ngcr,  Annalen,  1885.  232.  14; 
Gutbier.  Zeitsch.  anorg.  Chem.  1902,  32.  350). 

Silver blphOSphlde  Au' l':  isoblained  by  |(i-isin;^' 
phosphorus  vapour  over  tineiy  divide^l  siivcr  or 
silvtw  ohioride  at  400**  (Grauger,  Gbmpt.  rend. 
1897.  121,  8f»'>l.  A  nnmbi  r  <>f  other  phosphides 
are  deseril>e«l  iti  earlier  lil<Tature,  Imt  it  is 
doubtful  whether  thoy  exist. 
?J;Sllver  arsenate  AgjAsO.  is  a  dark-red, 
crystalline  powder  obtained  by  the  addition  of 
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boiling  silver  iiitFate  Bolutioa  to  oonoentrated 
arsenic  acid  or  to  an  Hflenate.    The  silver 
mercury  ctiTiijMtiind  AcHgjAgO^  is  tloscribed  by 
Jaoobeeu  (Bull.  Soo.  chim.  1909,  [iv.]  5,  947). 
Slhrar  anenito  Af,AaO,  is  a  o«iimy>yellow 

powder.  Itf;  nmnioniiical  Holution  whfn  ttoiled 
(le()<iMtj)  Hilver.  Other  arsenates  and  arsenites, 
MS  w  Al  &s  Himilar  componnds  iritli  antimony, 
tell  M  i' I  TIT.  I'  ful,  and  other  metals  arc  kno^Mi. 

SilverplumWtePbOsAgsisobtainedbyatldiiijj; 
silver  nitrate  solutioa  made  alkaline  with  pota.-h 
Mid  to  which  ammouia  has  been  added,  to  an 
of  lead  nitrate.  It  f onns  brovn  or]mta]a» 
sp.gr.  8"G0.  which  become  greyiwh-black  on 
hoatiug  without  losing  their  lustre,  form,  or 
genial  pioperties;  it  is  insoluble  in  \%-ater, 
ammonia,  nr  caustic  potash,  soluble  in  hot 
acetic,  and  fairly  so  in  cold  nitric,  acid.  It 
yields  an  olive-green  pomler  and  gives  a  black 
streak  (BuUnheiiiier.  Ber.  1898»  31»  1287). 

Silver  chlorides.  Two  chlorides  are  said  to 
exist,  the  normal  salt  AgCl  and  the  sub-chloride 
AgjCl  ( ?).  Peculiar  compounds  which  appear  to 
be  combinHtioris  of  tlu-  normal  and  snU-ehloride, 
and  whioh  are  known  m  photochloridce,  aic  also 
knotm.  ReKardimt  them  and  tlie  sab-ohloxida, 
and  flu  aetion  of  Tight  OD  aUvec  salts  9.  Silver 
sub-salts,  &c. 

The  normal  silver  chloride  occurs  in  hotn 
fn'Jrrr  or  cernrgijritf .  and  as  the  double  chloride 
and  bromide  oi  silver  in  enibolite.  It  is  obtained 
hy  the  action  of  chlorine  or  hy<ln)gen  chloride 
on  silver,  or  as  a  dense,  ourdy,  white  precipi- 
tate, ^vhioh  gradoaUy  becomes  powdery,  by  addi- 
tioti  of  hydrochloric  acid  or  a  soluble  chlurid*-  to 
silver  nitrate  solution.  Silver  chloride  assumes 
a  yellow  colour  when  heated,  has  sp.gr.  6*6,  and 
melts  at  460^  (Camelh  y.  (  hem.  Soc.  Trans.  1878, 
278  :  Ramjiay  and  Eumcjrtopouloa,  Phil.  Mag. 
189<i.  [v.]  41,  360).  It  solidifies  to  a  soft, 
tough,  homy  mass,  having  asp.gr.  of  5*594 
(Schroder,  Pogg.  Ann.  108.  226).  Aocording 
to  Kohlra>is<  lu  the  ele.  trir  eoiuhictivit v  of 
silver  chloride  exceeda  that  of  the  bromide  or 
iodide,' and  when  fused  eVoeeds  that  of  sulphuric 
acid.  Srr  also  Bottgor  (Zeitsch.  physikal. 
Chem.  llXJti,  36,  83);  Lo  Blan<;  and  Kerschbaum 
(Zeitsch.  Elektrochcm.  1010,  16,  242,  680).  At 
a  white  heat  silver  chloride  volatilises. 

The  fused  chloride  is  not  appn!«iably  soluble 
in  cold  water,  although  very  slightly  soluble  in 
hot  (Stas,  Compt.  rend.  1871,  73,  710  ;  Bottler, 
l.e. ;  Dnieker.  Zeitseb.  Chcm.  Ind.  Kolloide, 
1909,  4.  2101.  The  prwipitated  diloiide  i« 
more  soluble,  and  the  wa.shin^s  become  tluudy 
on  addition  of  either  hytlrochloric  acid  or  silver 
nitrate.  In  concentrated  hydrochloric  acid  its 
solubility  is  about  1  in  20<>,  and  in  the  acid 
tlilutt'd  it>  own  volume  of  water  I  in  (M_>0. 

It  is  much  more  soluble  in  alkaline  chlorides, 
eM{x>ciaUv  sodlvm  chloride  (Bariow,  J.  Amer. 
("li.  in.  S<")c.  1900.  28,  1446).  and  dis  r.h  es  readily 
HI  iimniouin.  Ihirc  slronc  iiiltK  aeid  at  l.^""- 
17°  «lis.-olves  the  preoi jni  a e(  1  ebluri<lo  In  the 
extent  of  2*01  parts  in  lUO.UOU  (lliorpe,  Chcm. 
Soc.  Trans.  1872.  ir>:] ).  Far  the  influence  of  nitric 
aeidon  the  solubilityof  silver  chlon'di  in  ivh n  urie 
nitrate  solution,  «(e  Buttle  and  Hewitt  {iVid. 
1908,  1405).  SoluUo  thkisulphates  and  suK 


phites,  and  ferric  chloride  also  dissolve  it,  and 
potassium  cyanide  am  verts  it  into  a  soluble 
double  ey.uude  AgCN.KCN,  together  with' 
potassium  chloride.  It  dissolves  readily  in 
coniine  (BIyth,  ifM.  1849,360)  and  in  solution  of 
methylamine  (Wurfz.  Ann.  ('him.  Phys.  [iii.  j  30, 
453).  Silver  chloride  Ih  .slowly  decomposed  by 
boiling  concentrated  sulphuric  aeid  (Sbuer* 
Zeitsch.  anal.  Chem.  1873.  376). 

Silver  chloride  is  not  reduced  by  carbon,  but 
may  1k'  reduced  by  fusion  witii  4  or  5  times 
its  wcijKht  of  sodium  oarbooate,  or  of  a  mixture 
of  socuam  and  potaashim  carbonates.  Lon, 
7.inc,  and  other  oxidisahle  metals  reduce  it  in 
presence  of  water,  especially  when  acidified  with 
hydrochloric  or  sulphnrie  acid. 

Silver  chloride  is  more  rcatlily  re<luced  than 
the  bromide  (Liesegaug,  them.  Zeit.  1901.  Rep. 
372).  It  reacts  with  nj-drogen,  forming  silver 
and  hydrochloric  acid  (Jouniaux,  Ck>mpt.  rend, 
ml,  132.  1270,  1558). 

It  is  also  decom(x>sed  by  intcnpo  li^'ht 
(Cordicr,  Mouatbb.  ISKX),  21,  184;  «ce  also 
Baker,  Chem.  Soc.  Trans.  1892,  728 ;  SonKta<lt, 
Chem.  Soc.  Proe.  189H.  ."iT  1 ).  Iirnited  with  calcium 
carbide,  metallic  silver  deposited  (J.  Soc. 
Chem.  Ind.  1901,  1020).  It  also  reacta  with 
iodoform  giving  ohloroforui  and  silver  iodide 
(Gbninok.  Bull.  Soc.  ehim,  1909.  [iv.]  5,  62). 

Di^iesfion  with  potassium  bromide  or  iodide 
solution  dect^imjM.ses  the  chloride  with  formation 
of  potassium  elilorirh-  and  silver  bromideor  iodide 
(Field,  Quart.  J.  Chem.  Soc.  ]S5S.  23fi).  Tho 
chloride  is  converted  into  the  bromide  or  iodide 
when  fused  in  a  current  of  air  containing  bromine 
or  iodine  vapour  (Julius,  Chem.  News*  1853, 
48,  284).  It  may  bo  partly  converted  hito  the 
hromide  In'  diLjestion  with  Invmtine  water  {v. 
Humpidce,  Ber.  1884,  17,  1838;  Potilizin.  J. 
Russ.  niys.  Chem.  Soc.  1882,  92,  and  Ber. 
1884.  17.  1308;  Berthelot,  Compt.  rend.  1882» 
94,  1619). 

Silver  chloride,  bromide,  or  iodide,  precipi- 
tated from  solution  containing  a  colouring 
matter  such  as  an  aniline  dj-e,  has  a  charact<T- 
i»tic  enlour  ^^hiell  eaimot  1h'  removed  hy  Masii 
inp.  The  comjKJunds  pro<luce<l  by  the  ditfercut 
haloid  salts  with  the  same  dye  frequently  difl^ 
eonsid<  r-ably  in  colour.  SomeNvhat  similar  com- 
pouudd  an-  obtained  whun  silver  chlundt;  is  pre- 
cipitated from  a  solution  containing  a  metallic 
salt,  such  a.s  the  chloride  of  iron,  cobalt,  nickel, 
manganese,  copper,  or  gold  (Carey  Lea,  J.  Amer. 
Chcm.  Soe,  :u.  3s4  i. 

Dry  precipitated  silver  chloride  rapidly 
absorbs  large  volumes  of  ammonia  gas,  which  it 
nL'nin  ;rives  off  at  37' 7°  (Faraday,  Quarterly  J.  of 
Sc.  d,  74).  According  to  Rose  (Pogg.  Auu.  20, 
157),  the  amount  absorhed  ooiresponds  with  the 
formula  2AgCl,3NH,. 

When  a  solution  of  silver  chloride  in  liquid 
ammonia  i.s  allowed  to  evaporate  at  —40"  to 
—20'',  long  colourless  needles  of  the  compound 
AsCI,3NR,  are  deposited,  but  if  a  solution  of 
silver  chloride  ill  <<(ncentratrd  ammonia  is 
ovap<)rat<>d  at  urdujary  temperature,  the  coni- 
])(>utid  2AgCl,3N'H3  .separates  in  coU>urU*ss 
}>risni.H  {.birrv.  (V»mi)t.  mid.  1897.  124,  288; 
Ann.  (  him.  Plus.  1S99,  [iv.]  17,  327). 

Colloidal  silver  chloride  is  obtained  by  the 
action  of  chlorine  on  colloidai  silver  or  by  treating 
the  latter  with  chtotine  water  until  the  aolutioti 
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in  ticcoluiirisod.  li^ht  being  excluded  durinc  the 
prticosrf.  To  obtain  a  precipitate  of  the  soluble 
chloridt'.  utlatin  nnd  ammonium  citratoam  added 
(D.  R.  PP.  10340«.  175794;  I^ttermoscr,  J.  pr. 
Chem.  [ii.]  56,  241 ;  Til.]  67,  540;  ibid.  1905.  [li.] 
72,39;  Pual  and  Voss,  Ber.  1904,  37,  3802; 
Roer»  Chenu  Zeatr.  Iil05»  i.  501;  Druckor, 
Zeitseh.  Ch<rm.  Ind.  Kolknde,  1900,  4»  SIO). 

Silver  chloride  formed  a  constituent  of  the 
sensitising  noatcriol  uaed  in  the  originalplatiuo* 
tvpo  pnMMBB  (WilliB,  Photogi»pnie  J.  1801, 
123*. 

Silver  bromide  ^\gBr  occurs  native  as  brom- 
argyrite.  It  is  obtained  l>v  adiliiion  of  a 
aoluble  bromide  to  silver  nitrate*  as  a  yeUowiah, 
ourdy  nrecipitAt«.  less  twhible  in  anunonia  than 
tlu>  chloriil'  ,  lint  more  so  than  the  iodMc  It 
alijo  formetl  bv  tlic  action  of  hydrogen  hroiuHic, 
and  more  sloiny  of  bromine  on  metallic  silvi  r. 
In  diln*f  :ir?imonia  it  is  almost  insoluldo.  ]L 
dissolves  lu  hot  liydrol^rouiic  acid  or  mercuric 
nitrate  solution,  and  crystalliHos  out  in  octahedra. 
It  ia  aJao  sola  ble  in  potaanum  and  other  knomidee , 
forminfC  dcmble  salta,  and  in  nodium  thimmlphatc. 
Ac-urdini,'  to  Vog.-l  (TV-r.  Ifi.  1170;  18So, 

18,  8til  ;  V,  also  Eder,  i6id.  IM,  1250.  and  l>c 
Pitteora,  Chem.  Zentr.  1884,  411),  two  molecular 
modifications  of  .silver  l)ro!iiidi-  exist,  the  one 
precipitated  from  aqucoui  i^ulution,  and  the 
other  bomaolation  in  alcohol  of  at  lea«t  9G°  p.o. 
The  former  is  said  to  be  most  sensitive  to  certain 
of  the  blue  rays,  and  the  latter  to  certain  of  the 
mdigu  rays. 

The  solubility  of  silver  bromide  in  water  is 
found  to  bo  O'lOT  mgrms.  per  litre  ut  21°.  and 
^•1  mgrros.  at  100°  (Kohlrausch  and  Dolezah'k, 
Sitmigsber.  K.  Akad.  Wiss.  Berlin,  1901, 
lOIS). 

Silver  hromido  fuses  to  a  reddish  liquid  at 
427**  (Oamellcy.  ^'hom-  Soc.  Trans.  1878,  277). 
It-*  j^I'-y.,  after  fusion,  is  given  by  Schroder 
(Pugg.  Ann.  lOtt,  243)  as  6-349,  that  of  the 
precipitated  bromide  b«ng  0'418.  The  eleotrio 
conductivity  of  silver  bromide  is  less  than  that 
of  the  chloride,  but  wtoeedu  that  of  the  iodide. 
When  foaed  it  oonduota  better  than  sulphorie 
acid. 

Hydrogen  chloride  decomposes  it  at  700° 
with  evolution  of  hydrogen  bromide.  Chlorine 
decomposes  the  freshly  precipitatinl  bromide.  i 

Aoooxding  to  Rftmmebbcrg  (Pogg.  .\nn.  65, 
248),  the  dry  brnrnid<-  absorbs  no  ammonia  : 
bat  it  separates  from  aiiiinoniuual  solution  in  ^ 
onrstals  containing  amrnonia,  which  is  driven  • 
on  by  heat  (Liobig,  Schwoiggcr's  J.  48,  103). 

Liuuid  ammonia  below  4°  converts  silver 
bromiue  into  a  white  compound  AgBr,3XH,, 
irhich  losee  ammonia  at  4%  giving  the  compound 
SAgBr.3NHa.  The  latter  loses  ammonia  at  35*, ' 
leaving  silvor  bromide  (Jany,  Oompt.  rend.  , 
1808,  126,  1138). 

CV>Uoidal  silver  bromide  is  obtained  in  the  { 
■amo  way  ns  the  corresponding  silver  chloride, 

Carey  I^-a  dcscriU's  ^M.'culiar  conijK)undH 
produced  by  precipitating  silver  bromide  in 
presence  of  various  colouring  matters  and 
metaUie  salts  (».  8ilmr  ehSandet). 

H<'LMrdiii-_'  tfic  -uh-  and  pliMi din itniflp,  and 
the  atlmii  ot  light  on  silver  brouuUc  r.  Silver 
tmb'ifaltA,  *c. 

Silver  iodide  A«I  occurs  naturally  lus  iodar- 
gyriU  or  lodyrite.  It  may  bu  obtained  by  healing  ^ 
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'  silver  with  iodine,  by  dissolving  silvfr  in  hy- 
I  driodio  acid,  or  by  precipitating  silver  nitrate 
i  with  a  soluble  iodide. 

Silver  iodide  is  of  a  pale  primrose  colour,  and 
ia  insoluble  in  most  acids,  and  almost  insoluble 
in  ammonia.    It^  solubility,  however,  incroAMOS 
,  appreciably  with  a  rise  iu  temperature.  Ita 
sontbility  in  aqueous  UUMmift  of  i^p.gr.  0*926 


at  16°  is  1  in  8000  (Baubigny,  Cbmpt.  rood. 

1908,  14<i,  2()3). 

Silver  iodide  absorbs  ammonia  gas  with 
formation  of  a  white  eomp<jund,  of  the  comimsi- 
tion  2AgI,NMj,  wliich  evolves  ammonia  on  ex- 
postin-  to  thft  air  (Bammdsbenc,  Bogg.  Ann. 
48,  170). 

It  ia  also  readily  solnble  in  liquid  ammonia, 

and  when  the  solution  is  evaporated  at  —40°  to 
—  10"',  a  white  crystalline  oumpuund  Agl.NH, 
sepanles*  which  at  4°  evolves  ammonia,  forming 
the  compound  2A;^'I,XH3  (Janryf  Ann*  Chin* 
Pliy».  1S99,  rvii,]  17,  327). 

Silver  iodide  dissolvea  in  potassium  iodide 
and  soluble  thiosnlphatea ;  also  in  hot  hydriodio 
acid,  from  which  it  separates  on  ooolin^  in 
colourless  fiakv  crystals  of  the  composition 
Agl.Hl  (V.  Deville.  Compt.  rend.  1851,  32,  804). 
It  is  decomjxised  by  hot  concentrated  nitric  or 
sulphnrie  acid  with  evolution  of  iodine.  When 
gently  heat<^  in  chlorine,  or  when  heated  to 
700°  in  hydrogan  dhloride,  it  is  oottTettad  into 
the  chloride. 

When  precipitated  by  excess  of  potassium 
iodide,  silver  iodide  is  unaffected  by  liv'ht.  but  it 
is  rendered  sensitive  by  the  presence  of  a  trace 
of  silver  nitrate,  ohlonde,  or  bromide,  which 
converts  the  last  trace  of  yi'>f  f^ssinm  iodide  into 
the  silver  salt  {v.  Abney,  l'ru€.  lioy.  Soc.  33, 
164). 

The  abnormal  expanston  and  contraction  of 
the  iodide  when  heated  vns  first  notico<l  by 
Fizean  (Comi)t.  rend.  1807.  tVt,  ;{04i,  and  has 
since  been  examined  by  Deville  (ibid,  1867,  64, 
323).  Mallard  and  Le  Cihatelier  {ibid.  1883.  97. 
102),  and  Bellati  and  Romanese  (Proc.  Roy. 
Soc.  34.  104) ;  and  more  fully  by  Rodwell 
(iMd.  38,  07;  25,  280;  31,291).  men  heated 
it  acquires  a  brilliant  yellow  colour  and  passes 
through  various  shades  of  orange,  uiitd,  ui  «i27* 
(CHrnelley,  Chem,  So( .  Trans.  1878,  278  ;  see  aIho 
Stolxenben;  and  Uuth,  Zeitech.  physikal.  Chem. 
1910,  71,  641),  it  fuses  to  an  orange-red  liquid. 
On  cooling  the  fu.se<l  iodide,  it  contracts  con- 
siderably at  the  solidifyin^-point,  and  continues 
to  contract,  until,  at  116^  it  expands  suddenly 
and  violently,  and  passes  from  the  nmorphmi<^ 
to  the  crystalline  form.  The  imlide  apjivars  to 
exist  in  three  modifications:  (1)  as  a  plnstie, 
tenaoioas*  amorphous,  reddish,  transparent 
substance  between  116*  and  its  melting-point ; 
(2)  as  a  brittle,  opaque.  cr\  ^talline  mass  below 
116°;  (3)  as  a  yellow,  brittle,  amorphous  maw, 
obtained  by  pouring  the  fused  iodide  into  cold 
water. 

The  flet<^rminations  of  the  s|K'cific  gravity  of 
the  iodide  varv  cfiUKiflerafdy.  According  to 
Seville  (Compt.' rend.  1867,  64,  323),  the  sp.gr. 
of  the  fused  iodide  at  0*  w  5*687.  that  of  the  pre- 
cipitated iodide  !>•  Iul'  S07  ;it  Aeeortiing 
to  Kuhlrnu-ch  the  elet^tne  conductivity  of  silver 
iodide  is  !•  ~-  than  that  of  t he  bromide  or  iodide, 
but  till-  eiindiKtivity  of  the  fusod  lalt  exoeeds 
that  of  euiphuno  acid, 

2  s 
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A  sattiratrrl  aqueous  "olntinn  of  silver  iodide 
contains  O  WS't  m^niK.  per  litre  at  21"  (Kohl- 
rauxoh  and  Dolczalck.  I.e.). 

(JoUoidai  silver  iodide  is  obtained  in  the  same 
W>y  as  the  bromide  and  chloride,  and  alao  by  the 
action  of  -il\  «T  nit  rati-  on  jxjtns.-^iuin  iuiiide 
dissolved  iu  egg  albumin  (Ilium,  Amcr.  J. 
Vharm.  1010,  SfTfiOT). 

Carey  L*'a  hfis  «!.  sf  rihf  d  pcmliar  compounds 
produced  by  prwiiJiUiing  »iiver  iodido  in 
pn-sence  of  various  colouring  matten  and  metallic 
salts  (tv  Silver  dUorides). 

Silver  iodide,  ^diich  may  be  separatwl  from 
the  chloride,  with  which  it  nftcn  inixi  <l,  by 
digestion  with  ammoniam  carbonate  and  aqut'tius 
aramohia  at  70^-80^  (Banbignv,  C'ompt.  rend. 
urn.  140.  335)  was  fnniurly  ompioyod  in 
medieun',  but  it  is  now  rarely  Uiscd, 

Reganling  silver  sab-iodide  and  photoiodidai 
V.  Silfi  r  fuh-MdU^,  &c. 

Silver  fluoride  AgF  may  bo  obtained  aa 
a  deliquescent,  very  soluble  salt,  by  dissolving 
silver  oxide  in  hydrofluoric  acid.  It  crystailise* 
from  solntion  in  aoadratic  ])vramidfl,  of  the  com- 
position Ag,Flf.^O  (]\1firiL'nac,  J.  185fi.  129).  or  in 
prisni.'s  of  the  composition  AgF,2H,0  (Fr6mv,  J. 
1856,87;  Haundler,  J.  1862,  8tJ).  The  hydrat4Ml 
salt  loses  water  when  dried  in  vacuo.  Most  of 
the  water  is  driven  off.  together  with  some  oxygen 
and  hy«lrofluoric  acid,  when  heated  in  a  coveml 
vessel  to  the  melting-point  of  lead*  After 
expulsion  of  all  the  tmter.  th«  fluoride  may  be 
hciit^'d  to  the  nieltin:r.|K>int  of  silver  without 
ciiaiiL;(\  Th«'  fhy  sail  absorbs  844  times  its 
vulumc  nf  ainnioiiia. 

When  a  sohititjii  of  tlio  fluoride  is  strongly 
concentrated  o\lt  tlie  water-bath,  or  when  the 
erystallisetl  hydrated  Huoride  is  dried  over  sul- 
phuric acid,  brasd-yellow  spangles*  of  the  compo- 
sition AgF  AgHO,  are  otitained  (Ffaundler,  J. 
18G2,  87;  v.  further,  Gore,  Phil.  TnUM.  1869. 
m.  192;  1870,227;  1871,321). 

With  a<iueoa8  iodoform  it  reaote  thus : 
:5A-F  l-CHI,+H,0-3AgI  +  HF-fC0 
(Coniuck,  Bull.  Hoc.  chim.  IIKK).  [iv.]  5,  62). 

Stiver  fluoride  has  antiseptfc  prc)jx'rtie«,  and 
under  the  nainf  of  Inrhi/ol  has  !i<<'ii  |iro|Hi.se<l  as 
an  eQicient  aaci  suie  disjntectant  fur  driukinij 
wat«>rs  (Patenio  and  Gingolani,  Gass.  ehim.  itat. 
1907.  37,  i.  ril  V' 

Silver  sub  liuoride  v.  Silver  siib-aalt^,  &c. 

Silver  chlorate  AgOlOj,  formed  by  jmssing 
chlorine  through  silver  oxide  suspended  in  water 
or  by  dissolving  silver  in  chloric  acid  is  a  white, 
orystallinr  .-iil.staTiri\  m.p.  2:?'i\  which  vhen 
mixed  ^vltll  Milphur  iletonates  VH^k-nlly. 

Th"-  1"  rchlurate,  hypoehiorile,  aiM  chlorite 
are  also  known.  .Similar  ^runine  comjH.iind-.  a 
series  of  iodates  and  a  nunilx-r  of  thi-  silver 
hHlo^eii  double  salts  with  the  compounds  of 
other  motals  have  been  prepared. 

Silver  lotfate  is  a  white  crv^taiUne  pnwder, 
sii;ir;ri2l\  r<>Iu'i!<'  in  wat.  r.  1(  i~  preiMired  by 
iIh-  ui  ii«<ik  ot  bUver  nitrate  on  putajtsiura  iodate, 
and  is  employed  in  medicine  externally  and 
internally. 

SILVKRS L  B -SALTS,  PhOTOSALTS,  AND  Sl  BOXIDEj 

Action  of  Light  on  the  H aloii,  Salts. 

The  existence  of  a  suboxide  of  silver  A^l^O 
was  lirst  aflirmed  by  WQhler  (Aimalen,  IbUU,  30, 


1),  who  stated  that  when  silver  Htratr  is  heated 
to  1(W*  in  a  current  ot  hydrogen,  it  is  reduue*! 
to  a  sub-citrate  and  free  citric  acid,  1  atom  of 
oxygen  pausing  off  as  ^vat4>r.  The  residue  dis- 
8t»lve8  in  water  to  a  brown  solution,  from  which  a 
black  precipitate  of  the  reputed  suboxide  is  de- 
posited on  addition  of  potash.  Wohler's  work  wa« 
repeated  bv  Von  BibrafJ.  pr.  Cbem.  1876,  [i.]  12, 

,  Hailev'and  Foul.  r  (nu  ni.  S^ic.  Trans.  ISS7, 
1 1 1) I.  Xuwbury  ( Arucr.  <  "hmi.  .1. 8, 19<j).and  Muth- 
mann  (Ber.  1887,  20,  983).  According  to  Bailey 
and  Fowler,  carbon  dioxide  is  given  off  as  well 
as  water,  except  at  the  very  earliest  stages  of 
the  nnluction.  and  the  solution  of  the  resultant 
body  gives  the  reactions  of  itaoonic  acid  and 
shows  no  argentons  citrate.  Newbury,  however, 
wliilc  also  noticiiij^'  the  rvnhrtioii  of  carbon 
dioxide,  and  lailmL'  to  obtain  a  sub-oxide, 
stated  that  the  re<l  solution  is  turbid  from  the 
presence  of  finely  ilividt  tl  silver,  and  contain'* 
much  frtu  citric  aciJ.  Jiailey  aiui  Fuultr  aku 
failed  to  confirm  Faraday's  statement  (Ann. 
Uhim.  Ph^s.  [ii.]  0. 107),  that  a  sub^oxide  'Ag«0, 
is  obtained  by  exposure  of  a  solution  of  silver 
oxide  in  ammonia  to  the  air. 

O.  V.  der  Pfonlten  ( r.  1867,  20,  1458, 
3375)  obtaine<l  a  black  compound,  which  he 
first  descrilxnl  as  tlic  suljoxalr  *\g|0,  but  tfi 
which  he  8ul)sequciulv  gave  the  furmiila  .Xc,!!  .<  > 
(ibid.  1888,  21,  2288)'.  by  the  followmL,'  pn^t  : 
20  CO.  of  a  12' 5  pwo.  solution  of  sodium  tartrate 
was  mixed  with  a  sohition  of  2  ^rms.  of  ralver 
nitrate  in  IJ  litres  of  \\  iter,  addhit:  2  c.c.  of  a 
4  p.c.  solution  of  soda,  and  stirring  vigorously. 
After  5  hours  the  liquid  was  decanted,  and 
the  residual  black  prccipit-ntc  of  argentmm 
tartrate  (?)  wa«  wdshisi  with  dilute  sodium 
sulphate  and  treated  irith  alkali,  which  0On> 
verted  it  into  the  above  compound.  The  same 
gubstancR  was  obtained  by  the  action  of  alkali 
UH  fill'  iilack  precipitate  obtaincil  li\  the  i^radual 
addition  of  4  c.o.  of  oonoentrate<i  phosphorous 
aoid  solution  to  a  solution  of  10  grmit.  of  silver 
nitrate  in  2*'  .  cf  watft,  to  \ihich  sufficient 
ammoniu  hiid  been  aildi  il  U)  re-<ii8Solvo  the  pre- 
cipitate at  first  pro<Iuc«l.  The  body  uios 
obtained  i.n  a  deep  black  amorphous  powder, 
which  is  <leeoinposeil  by  water,  and  n*quire8  to 
be  kej>t  undri  alkali,  li  is  iimiluble  in  ammonia 
or  acetic  acid,  and  is  decomposed,  with  separa- 
tion of  metai,  by  hydrochloric,  sulphuric,  and 
most  other  acids,  but  i>  not  afTcctcil  in  the  rnld 
by  sulphurous  or  ]jhospboruus  stcid.  Hydroxyl- 
amine  has  no  action  in  the  cold,  but  reduCflC  it  to 
silver  when  warmed ;  mercury  fails  to  remove  any 
silver.  When  acte«l  on  by  sulphuretted  hydrogen 
it  ])roduees  black  amorphous  siilpiiide,  which 
l)ecomeK  grey  when  dried,  and  which  is  alowly 
decom]Nis<>d  by  water.  It  dissolves  in  potassium 
cyanide  and  in  warm  dilntc  nitric  and  hydro- 
eiiioric  aoid^,  water  precipitating  it  unchHiiged 
fniin  the  latter.  Strong  nitric  and  sulphurio 
acids  deeom)v>se  it  with  separation  of  sulphur. 

'rhe^r  results  have  been  disputed  by  Bailev 
(Chcm.  X( •w.'*,  5r>.2<»3)and  Friedheim  (Ber.  1887. 
^.2554;  21,307).  the  latter  stating  that  the  so- 
called  argentoiis  liydrate  is  a  mixture  of  silver, 
with  mure  or  !'  -  ai-i  i,tir  oxide  and  organic 
matter.   See  also  {,].  Amer.  ('hem.  S<.)c. 

1006,  28,  139).  Geuther  (.\imalen,  114.  121) 
.'jtates  that  tlu-  sub-oxide  is  id)taine«l  by  the 
action  of  precipitated  cuprous  oxide  on  silver 
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nitrate  ;  and,  accx)nling  to  Guntz  («cc  below), 
it  is  obteiaed  by  the  action  of  steam  on  t  he  sub- 
fluoride  at  IflO*,  bat  lie  girm  no  analysis  of  tho 
ysodncX. 

For  the  prejiaration  (»f  the  8ub-chloride,  to 
M-hich  the  formulae  Ag^C'l  (Wohler)  and  Ag^Clj 
(Von  Bibni)  have  Infn  applied,  several  mffiiod.s 
have  bein  pnjpjscd.  Wohler  (Annalen,  1H39, 
30,  3)  states  that  it  is  obtained  m  a  black  {towtler, 
which  in  deoompoecd  by  ammonia  into  silver 
chloride  and  silTer  by  the  action  of  hydroohtoric 
acid  on  argcntous  citrate  preparcil  ns  alMivc. 
Wetzlar  (Schweigger's  J.  1828,  2,  466)  states 
that  it  is  proiluced  by  the  action  of  cuprous 
fir  ferrous  chloride  on  silver.  Von  Bihra  f-I.  pr. 
t  hem.  1«75,  [i.]  12, 39)  and  N<*wbury  (i.e.)  faile<l 
to  otrtain  it  either  by  Wdhler**  or  Wetslar*s 

Giintz(Compt.rend.l890, 1 10. 1337:  1891. 112. 
Sril  )  pr(.-pare<l  a  fluoride  of  tlic  cnmjHjsitidii  Aiz  V 
by  electrolysis  of  a  aaturatcd  sulution  of  tiio 
normal  fluoride  with  a  powerful  enrrent,  uiting 
f«i!vcT  flcrtroflrs.  and  all<nvin^  the  liipiid  to 
bi-comt'  hot.  It  is  thus  obtained  on  the  cttthuik' 
111  lirnss-('o|> Hired  ptatet.  which  are  unaffecteil 
by  dry  air,  but  are  rapidly  deoomposeit  by 
water,  with  precipitation  of  silver  ann  produc- 
tion nf  silver  fluoride,  'i'lu-  same  compound  is 
said  to  be  produced  when  flnely-divided  silver 
is  heated  in  a  sealed  tube,  at  a  temperature 
below  00°,  with  silver  fluoride  sohition.  Compare 
Ffaundler  {Silver  fluoride). 

According  to  Ciiiintz  the  sub-Huoride  it*  con- 
vert<Hi  into  the  violet  sub-chloride,  when  dry  hy- 
drochloric acid,  or,  better,  the  vapour  of  the 
chloride  of  carbon,  Hilicon,  or  phosphorus,  is 
pa«aed  over  it.  Analysis  of  the  sub-chloride 
mdioatee  the  pn>Menoe  of  some  normal  chloride. 
Hydrogen  iodide  -tiniilHrly  gives  a  sub-iodide 
Ag,I,  with  ooDsiderable  rise  of  temperature, 
fciul'phuret ted  hydrogen  produces  the  sub-sulphide 
Ag,8 ;  and  steam  pa»8e<l  over  the  sub-tluoride 
heated  to  160°  produces  the  sub-oxifle. 

Vogel  has  prt-pare*!  the  suh-halide»)  acconling 
to  the  following  method.  Uuprio  bromide  (or 
other  halide)  was  boiled  with  copper  shavings, 
and  the  L'ir<  n  soliifion  pourcHl  into  10  times  the 
quantity  of  water  and  boiled  with  acetic  acid. 
The  wKiie  powder  so  obtained  is  dried  quicklv 
ami  treated  at  once  Mith  excesw  t>f  10  p.c.  silver 
nitrate  solution,  a  blacki.sh-gn'y  fitd> -bromide 
AgiBr^  i.s  thus  obtained,  which  may  Ik-  fn'cd 
fcbro  copper  by  repeated  digestion  with  20  p.o. 
silver  nitrate  solution  (J.  Soc.  (Tiem.  Ind.  IwOO, 
374;  Watt  rliouse.  ibid.  ^741. 

AccnnUng  to  Bmszt  (Zeitseh.  aiior^r.  ("hem. 
28.  346)  VbgeFs  sub-haloids  arc  not  i<lenti(ai 
with  thosr<  formed  by  the  action  of  light  on 
photogriiphit:  ]>latet!. 

Carey  J^  a  (Amer.  J.  Sci.  33,  :t49,  480.  489  ; 
34,  33)  has  produced  an  important  series  of 
coloured  haloid  saltn  of  silver,  to  which  he  hoe 
given  the  naim  '  ]ih.iti.-;ill and  \^hi(•h  he 
reganbi  as  identical  with  tho  .Ho-calletl  .xub'-salth 
forming  the  latent  photographic  image.  They 
appear  to  Ik"  cnnipound.'i  of  the  norma!  ami  uli- 
saltti,  the  proportion  of  halojriri  in  thr  chlornl«  s 
corres]x»ndini;  to  from  under  1  p.c.  to  over  8  p.c. 
of  the  sub-chloride  ;  in  t  he  iodide,  corresimnclin^' 
to  from  0*64  to  4*83  p.c  ;  antl  in  the  bromide 
sometime.^  corresponding  to  as  much  as  7  p.c.  of 
the  sub-salt. 


The  photochloride,  which  the  bromine  and 
iodine  oompotmds  resemble  in  general  piopertieB 
and  methods  of  preparation,  may  be  obtained  in 

various  colours,  varying;  tlirough  salmon,  jMilo 
pink,  rose,  copper-red,  reddish  purple,  chocolate, 
and  other  shades,  to  blaok. 

The  foUowirifr  are  >'ome  of  llic  ni<  tlio<l>  of 
preparation  ;  [\)  the  chlorinutiou  of  tlie  metal, 
best  by  the  action  of  a  freshly  prepared  chlorine 
solution  on  freshly  prepared  colloidal  silver,  tho 
salt  in  this  ease  being  of  a  mse-red  colour ;  (2) 
tin-  pniti'il  r'fdiutioii  of  tin-  normal  chloride; 
(3)  the  reduction  of  silver  oxide  or  carbonate  by 
heat,  with  subsequent lieatment  by  hydroohlorio 
Bcid  ;  (4)  the  troatraent  of  the  sub-oxide  or  a 
.suli-salt  witli  hydrochloric  acid,  followed  by 
nitric  acid  ;  tlic  treatment  of  tho  8ttD> 

chloride  with  nitric  acid  or  an  alkaline  hypo* 
chlorite ;  (6)  the  treatment  of  a  solution  of 
silver  nitrate  u  itli  ferrous,  rnan^'aiious.  or  chrom- 
ous  oxide,  and  treatment  of  the  product  with 
hydrochloric  acid ;  (7)  the  treatment  by  hydro- 
rliloric  acid  of  the  produrf  of  the  rr-iluction  of 
Sliver  citrate  in  hydru^^eri ;  (8)  treatment  of  a 
silver  solution  with  pota«h  or  aoda  and  a  xe- 
ducing  agent,  such  as  milk  sugar,  or  any  eai<ily 
oxidisable  body,  the  precipitate  beuig  treated 
with  hyilrochloric  acid. 

The  photosalts  are  formed  when  the  halogen 
salts  of  silver  are  allowed  to  remain  in  contact 
or  are  warmed  with  rnllnidal  «:nlutions  of  silver, 
the  excess  of  silver  being  subsequently  removed 
by  .solution  in  nitric  acid.  They  arc  also  obioined 
by  adding  a  suitable  reducing  agent  to  silver 
nitrate,  which  is  in  contact  with  an  onlinary 
silver  liaIo)jcn  salt.  The  redueiiii:  ui^ciiU  rccom- 
^  mended  arc  (1)  sodium  citrate  or  potassium 
tartaiate  and  fecrous  sulphate ;  (2)  tannic  or  gallio 
acid  and  alkali  carbonate  ;  (3)  formaldehyde  and 
Modium  hy^iroxide;  (4>  mHlium  h>  {M>phusphit« 
(Liippo-Cramer.  Zeitseh.  Chem.  Ind.  Kolloide. 
1907,  2,  136;  *6id.  1908»  2»  360;  ibid.  3.  S3, 
135). 

Reinders  (Chem.  Weckblad.  1910,  7,  961)  haw 
preparcfl  crystalline  photochloride  of  silver  by 
crystallising  ^ver  chloride  from  dilute  aqaeoas 

solutions  of  aninionia  in  picseiici-  of  «tinliglit 
The  crystals  have  an  indigu-bluo  c<donr,  the 
de|)th  of  tint  (ii  jjcnding  on  the  intemiity  of  the 
light  and  the  duration  of  crystallisation.  The 
darkest  crystals  oontamcil  1  p.c.  of  free  colloidal 
silver.    The  colour  of  the  crystals  undergoes 

,  various  changes  on  exposure  to  light  or  to 
variously  ooloured  glass. 

The^c  snlt«  are  ]Krmaiient  in  flic  darl<.  but 

\  become  jnirjile  or  |»urpli-li  black  when  expose<l 
to  light.  They  are  all  decomjioeed  by  strong 
nitric  acid,  and  slowly  dissolve  in  ammonia, 
aiiunoi  nnii  <  hinride.  or  siMlium  chh»ride.  leav- 
ing a  httl.  liver.  When  heated,  the  iihotosalts 
are  altered  iu  colour,  usually  towards  redness. 
Thus  the  grey  salt  may  bewime  pink  at  100", 
while  tile  ilaiK  varieties  ni:i\  turn  chocolate* 
colour  or  purple  at  that  tenij>eraiure. 

'  Hydrogen  peroxide  al.«!o  induces  a  series  of 
colour  changes  in  the  photohalides  from  irrcen 
(o  blue,  then  to  n-d.  The  creen  salt  contains 
most  .silver,  and  i.s  h  ast  sensitive  to  li^ht,  whil.st 
thcreti  contains muHt  silverand  is  nio.si  .sensitive 
(Trivelli.  Chem.  Zeit.  1909.  33,  844;  Chem. 
Weekbhul.  19 It),  7.  ."irjl  ;  ibid.  404). 

The  action  ul  light  on  the  chloride,  and 
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aimilariy  on  the  bromidu  and  iodide,  has  been  lactic  aoid  in  the  <lark.    It  fornu  oolottdi 
VMimuay  attributed  to  the  production  of  metal,  ,  needle«,  which  torn  brown  npidly  pn  e^ionm 

•ttlKshloride  and  oxy -chloride ;    and  to  the  to  lisht. 

formation  of  a  photochloride.  Silver  acetate  AgC'.TTjO,,  prcp»rf  <l  by  tho 

The  evolution  of  chlorine  under  the  action  of  action  of  sodium  acetate  on  mlvcr  nitrate, 

light  is  indisputable,  but  the  oorapoHition  of  the  forms  white,  niiikute  crystals  of  a  disagreeable 

residue  is  still  doubtful.    Some  f  hrmi  ts-  c,>.i-  metallic  taste. 

sidcr  it  to  bo  a  mixture  of  the  norniiu  di  umlr  and  Silver  tartrate  AgiCfii^O,  u>  obtained  aa  a 
silver,  whilst  others  consider  that  tin-  product  white  curdy  precipitate  on  mixing  solutions  of 
in  the  case  of  silver  bromide  consists  of  tiio  un-  BooheUe  salt  and  silver  nitrate.  It  ia  nearly  in- 
changed  salt  with  a  snb-bronaide  and  metallic  soluble  in  water,  tint  dissolves  in  dilute  ammonia. 

silver.   Basing  his  rdiiolusioii.-  iin  m<  U8nrt>m<  nt>  This  solution  dejx>sits  its  .-ihi  r  as  a  ."hiiuiii; 

of  solubility  of  electrical  potential,  iSichling  mirror  when  gently  heated,  and  under  various 

(2^itsch.  physikal.  Cheni.  1011,  771)  considers  modifications,  and  is  largely  cmplo^'ed  in  silver- 

tho  photochloridfs  to  h>p  Knlitl  poltitions  of  silver  inp  class.    AponH  mixtim^  is  prrpnrcd  ax  follows: 

chloride  and  amorphous  silver,  tiie  lialf  chloride  (1)  Dis»tit>Ive  5  griiiH.  ut  silver  nitrate  in  lUO  c.c. 
AgjCl  is  probably  also  present,  but  is  of  little  '  of  distilled  Muter  and  add  ammonia  until  the 


importance  in  tho  system  (Carey  Lea,  l.c 
Staats.  Bcr.  1887,  2(C  2322 ;  1888.  21,  2199; 
N'  ,ry,  Amtr.  Clicin.  .1.  (i.  407;  'roinniiisi. 
Bull.  boc.  chim.  [ii.]  37,  291 ;  Abncy,  Pruc.  Boy. 
8oo.  83.  164 ;  tStd.  40,  851 ;  Oriveaux,  Oompt. 
rnnd.  18HS.  JOT,  837;  Rifhanlson.  Vhom.  Soc. 
Trans.  1891,  536;  Chcm.  Sh-.  Pror.  IbUS,  179; 
Eder,  Chem.  Zoit.  Rrp.  ls!><).  lOti;  Abegg, 
Chem.  Zentr.  1899,  i,  (149  ;  J,  Soc.  Chem.  Ind. 
1900.  70  ;  Baur.  Zeitsch.  physikal,  Cliem.  1904. 
45,  013;  Trivelli,  Zcitsch.  \vi8.s.  Thotograph. 
Fhoto^sik.  and  Photoehem.  1908,  0,  3d8; 
Proo.  K.  Akad.  Wetemch.  Amsterdam,  1909, 11, 
730  ;  T.fippo  K]Miier»  l.c. ;  eee  also  article  on 

I*HOTUGliAPHV). 

Hitchcock  (Amer.  Chem.  J.  II,  474)  found  as 


precipitate  first  produced  is  nearly  dissolved. 
(2)  Dissolve  1  grm.  of  silver  nitrate  in  20  cc.  of 
water,  heal  to  43 \  and  .i(l<l  a  -oiiUion  of  0*83 
grm.  of  BochdJe  salt  in  10  c.c.  of  water.  Boil 
the  mixture  for  10  mins.,  filter,  and  djiute  to 
ROfi  f.r.  The  plfis>.  after  w.4Bhing  wiCnpotash, 
dilute  nitric  acid,  and  alouhol,  rinlaing  after  the 
application  of  each,  is  covere^l  with  a  mixture  of 
equal  volumes  of  these  solutions  at  about  27'. 
After  an  hour  the  silver  mil  have  deposited  in  a 
coherent  film,  which  may  lie  ]x)li8hed  or  var- 
nished after  a  few  days  (v.  OooJey's  Cyo.  of 
Piaotioal  Receipts.  1872.  1044;  Yarley,  Year- 
bookof  Photop-aphv.  1800.  114). 

W.  H.  Perkm  ((  hem.  Soc.  IVans.  1887,  3fi2) 
descrilKjs    an    mid    tartrate  C4H,AgO,,HgO 


mufh  as  4"2— 4*9  p.c.  of  chlorine  eliminated  from  '  crystallising  in  large  brilliant  monoclinic  prisms, 
thiu  lilms  of  silver  chloride  expose*!  to  sunlight  from  a  mixture  of  strong  silver  nitrate  and 
in  a  current  of  hydrogen.    Cirt  y  Ivea  (Amer.  J.  '  tartaric  acid  w   ui  1   i  . 

Sci.  38,  3d0)  has  shown  that  anliydrous  silver  |  SUVK  fumarate  t^H^AggOA  is  precipitated  as 
chloride  or  iodide  is  darkened  by  light  under  a  white  amorphous  powder,  requiring  over 

petroleum,  wherr  the  pnifluction  of  any  quantif  y 


of  oxychloride  is  impossible.  Richanbon  has 
made  a  similar  experiment  with  carbon  tetra- 
chloride (Ch.  rn,  Soc.  Trans.  1801,  MA\. 

Kcgnnimg  the  action  of  dyt;*  in  modityiug 
the  sensitiveness  of  silver  to  different  parts  of 
tlie  spectrum  (orthoohromatic  photography) 
V.  Vogel  (Ber.  1873,  6,  1902):  Eder  (Sitz.  Ber, 
1881.  ]}17-  Monat-h.  1;  7,  1);  tothamlcv 
(J.  iS»c.  Chem.  Ind.  LS87,  423;  Brit.  .T.  of 
Phot<»j;ra])hv.  3.5,  499)  ;  \  alenta  (.f.  Soc.  Chem. 
Ind.  IIMKJ.  :nr>);  Ciinthrr  {ibid.  190G.  1083); 
Mecs  and  Wrathan  (Phot.  .1,  1900,  40,  300; 
D.  R.  P.  370051) }  Me  ako  FAOTOOXarRY. 

Oboaxio  Salts  ov  ftLvnu 

A  imnibfT  rif  or'^nnir  .^nlts  nf  silvt  r  an^  em- 
ployed lu  medicine  as  Hubjtitutes  tor  silver 
nitrate,  which  is  open  to  the  objwTticm  of  com- 
bining with  the  albumin  and  the  so<liuni  chloride 
of  the  tissue  fluids  forming  an  inwjlublc  com- 
jKiuiid,  and  thus  losing  in  jienetrativc  power. 
These  com)x)unds  Possess  great  oenetrability, 
are  not  pre<<i])itatea  by  saline  ana  albuminous 
HoIuHons.  and  their  aquwu.s  H«>hitinn=i  jtn  rrrjii  . 
rally  not  <lecompohcd  by  weak  Hcuis,  alkalis, 
alkali  .'^ulphidcs.  or  sodium  chtoritle. 

Silver  citrate  {Itrol)  Air,(  gHjO,  is  a  white, 
odourless  htavy  }>>w(kr,  oblaiiuMl  by  j)n.-cipi- 
tfiting  11  .solutiDii  of  silver  nitrate  with  a  suiution 
of  citric  acid  neutralised  with  sodium  bioar- 

Snver  Uictate  {Adol)  An(",TrjO,.H,0  is  ob- 
tained by  dis«)ulving  silver  carbonate  iu  dilute 


200.000  prir(.-4<>f  \val<T  fnr  solutlnn.'t.y  addition 
of  tho  rtcid  iir  its  baits  to  a  siolutuin  nt  siKcr 
nitxate.  It  explodes  on  heating.  W  finierko 
(Year-book  of  Photography,   1876,  131)  has 

prnjw>op<l  its  use  in  phntotrmphy. 

T!,-  -rystallirv  i  ,  m:i  .u-nl  i^'"  silver 

succinimide  and  hexamethylenetetramine  is 
obtained  by  dissohdng  the  constituents  in  water, 

aqncMis  nirthyl.  ur  ethyl  alcohol  or  aqiieoiis 
ac*"lt>ne,  an<l  wunung  the  solutions  in  vacu6 
until  cryslaIHi<atirtn  commences.  Tho  c)onoen- 
tratiHl  .solutions  of  iliif  enmpound  are  stable,  are 
not  discoloured  by  lijiht,  and  do  not  coamilate 
albumin  (D.  R.  P.  217897).  Other  silver  double 
salts  with  hexamcthylaietctramino,  omploved 
in  medfcme,  have  been  prepared  (D.  R.  PP. 

193- »'»  ■ji  ri_v  jooitm. 

Argentamme  (A'//"/''"*  duninm  sdttr  plim- 
phitf  )  is  ni  ule  li\  ili.--nlvin>:  Iti  part^  of  silver 
lih->s|>hatc  and  lit  i  f  ethylenediamine  in  100  of 
wa,UT.  It  forum  a  colourless  alkaline  solution 
not  precipitated  by  chlorides  or  by  albumin. 
Similar  compounds  are  described  ia  Fr.  PaU 
400627,  1900. 

When  silver  nilrsifi  naets  with  tetraethyl- 
aninionium  iodide  a  compouud  (C,H,)4\1.2ApI 
is  formed.  The  substance  is  pure  white,  quitt- 
stable  to  light,  and  melts  with  very  »lipht 
decom|K>sition  nt  22.3''-2.W  to  a  light  vellow 
liquid  (Stromholm.  B«  r.  \'M>?<.  1)2). 

Silver  phenol  sulphonate  C«li«(OH)SO,Ag  is 
obtained  by  dissolving  silver  carbonate  in 

p-phenolsulphonic  acid,  and  cv.ijuiraf  in^^  t.> 
crystallisation  iu  the  dark.    It  forms  colourh^. 
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odourless,  prismatic  crystals,  dcoompomd  hy  r 

when  hfatcd  at  120".    It  is  soluble  n\ 


SILVnnifO  10  tho  srt  of  ooTcriug  the  snr- 
light,  and  when  heated  at  120".  It  is  soluble  h\  face  of  bodies  with  a  thin  film  of  silver.  Tlii  in 
aqueous  aloohoU  has  a  motaUicta^,  is  antiseptic  now  effecUxi  cither  by  applying  ttuu  films  of 
and  non-oonorive,  and,  like  itool  and  ai:gonin,  <  silver  mcchanioally  to  the  article  to  be  sflvend, 

is  emplnvrd  in  eye  di«p!\so8  and  for  WDvads  ;  or  by  the  electro -metallurgical  process.  When 


(Zanardi,  (  hem.  Zc-ntr.  imS,  ii.  712). 

ArgentOl  (.'^ilixr  quin-awplohlc,  .n'lvcr  oxy- 
quinoline  sulphonale)  C,H5N(OH)S03Ag  is  a 
yellow  powder  sparingly  soluble  in  \vater, 
alcohol,  or  in  ether,  more  so  in  hot  water.  It 
is  formed  by  the  iutcractioa  of  silver  uitrat« 
md  aodittm  quinaseptolatei.  It  is  employed  in 
medicine  as  a  substitute  for  iodoform. 

Argonin  is  a  compound  of  silver  and  casein 
containing  about  4  p.e.  of  the  metal.  It  is  pre- 
pan^l  by  lidding  silver  nitrate  solution  to  the 
sodium  salt  of  enscin  and  precipitating  with 
alcoln  '1. 


silver  leaf  in  to  be  applied,  the  methods  pre- 
soribed  lor  gold  leaf  are  suitabte.  Among  the 
metals,  oopper  or  brass  are  those  on  which  the 
silverer  most  commonly  operates.  Iron  is  seldom 
silvered.  Jmt  the  proces.s  for  lx>th  metals  is 
essentially  the  same.  The  white  allo^'  of  oiokel 
is  now  often  plated. 

Th(^  principal  steps  of  this  opentkm  an  the 

following : — 

1.  The  smoothing  doum  the  sbaxp  edges,  and 
polishing  the  surface  of  the  copper;  oaUed 

einorJUer  by  the  French  artists. 

2.  The  annealing  ;  or  making'  tlie  pieces  to  bo 


AigSftol  is  a  proteid  salt  of  silver  containing  |  silvered  red  hot,  and  then  plunging  them  in  a  very 
30  p.o.  of  silver.   It  dissolves  leadihr  in  water,  |  dilate  nitric  acid  till  they  sre  fanght  sad  elesn. 

forming  stnMi    olutions.    It  is  employed  for  a        "   "     *  "  '  ~  ~  " 

variety  of  purpoetes  in  medicine,  even  strong 
solutions  producing  no  pain  or  irritation  (Nat. 
Stand.  Dispensatory,  190.",  238). 

NargOl  is  a  compound  uf  silver  (10  p.c.)  with 
nucleic  acid  derived  from  yeast.    It  is  readily 


3.  Pumicing;    or  clearing  up  the  snifMNi 

with  pumice-atone  and  water. 

4.  The  uxirming,  to  such  a  degree  merely  as 
when  it  touches  water  it  may  mnkp  a  sfight 
hissing  sound  ;  in  which  statu  it  dipped  in 
the  very  weak  aquafortis,  whereby  it  acquires 


solttUe  in  water  and  is  nse^  in  the  treatment  of .  minute  inseosiUe  asperities,  sufBoient  to  retain 
apDonhcBa,  and  in  infiamination  of  the  eon«  [  the  silver  leaves  that  are  to  be  a|»p!ied. 

Jnnotiva.  5.  The  hakhinij.    When  those  small  a.sp'  r:- 

A  soluble  double  compound  of  parauuciein  ^  ties  are  inadequate  for  giving  due  stilidity  to  the 
and  a  silver  salt  is  formed  by  abiding  the  latter  silvering,  the  plane  surmoes  must  l>e  imtebed  all 
to  an  alkaline  solution  of  paranuclein.  Acid  is  over  with  a  pravinp  tool,  but  the  chased  sorteoes 
added  and  the  precipitate  formed  is  dii«soK'cd  in  ,  need  nut  bt;  touched. 

sodium  hydroxide  solution  and  then  sepsiated  |      6.  The  blueing  consists  in  heating  the  piece 


by  evaporation  (Bug.  Ffct.  4607.  1901) 

Soluble  silver  nneleio  acid  compounds,  having 

antiseptic  properties,  are  formed  by  treating  salts 
of  nucleic  acids  with  silver  nitrate.  The  pre- 
cipitate so  formed  is  rc-dissolvcd  by  the  addition 
of  a  neutral  salt  such  as  sodium  chloride,  and  the 
silver  nucleic  acid  eompoimd  is  isolated  by 
precipitation  with  alcohol  or  evaporation  in 
mettd  (Eng.  Pat.  &407.  1900). 

ProtargoIiH  a  compound  of  protein  and  silver ; 
it  is  a  yellow  pouder  with  a  weak  metallic  taste, 
soluble  in  water,  and  is  said  to  bo  au  excellent 
Don>irritant  bactericide. 

Largln  is  a  silver  albumin  compound  con- 
taining IM  p.c.  silver. 

Silver  also  forms  Kalt.s  with  acetylene 
(Magnire,  J.  Amer.  CSiem.  8oc.  1006,  28.  1026 ; 
Mees  and  Wrattan,  Phot.  S,  1008,  48,  338). 

If  acetylmo  gas  is  le<l  into  a  solution  of  silver 
nitrate  acidified  with  nitric  acid,  a  white  pre 


till  its  copper  or  brass  colour  changes  to  blue. 
In  heating  they  are  placed  in  hot  tools  made  of 

iron,  called  inandrini  in  France. 

7.  The  charging;  the  workman's  term  for 
silvering.  This  operation  consists  in  placing 
the  silver  leaves  on  the  heated  piece,  and  fixinp 
thuiu  to  its  surfaet!  by  burnishers  of  steel  of 
various  forms,  'i'he  workman  begins  by  applying 
the  leaves  doable.  Should  any  part  darhen  in 
the  heating,  it  must  be  cleared  up  by  the  scratch- 
'  brush. 

The  sUvcrer  always  works  two  pieces  at 
j  once,  so  that  he  may  heat  the  one  while  bunush- 

j  inp  the  other.  After  applyintf  two  silver  leaves 
hu  must  heat  up  the  piece  to  the  .same  degree  as 
at  first,  and  he  then  fixes  on  with  the  bunisher 
I  four  additional  leaves  of  silver,  and  he  goes  on 
'  char^iiii;  in  the  same  vr&y,  four  or  wx  leaves  at 
a  time,  till  he  has  applied,  one  over  anotlier, 
30,  40,  50,  or  00  leaves,  according  to  the  desired 


oipitate  is  formed,  which  can  be  dried  saftfy  at '  solidity  of  the  mlvering.   He  then  bumkhes 


100'.  is  insrnfiblo  to  friction  f>r  percussion,  hut 
exuUjdt'w  violently  when  ixuited.  If  potassium 
chlorate  is  added  to  the  silver  nitrate,  the  sub- 
stance formetl  is  also  sensible  to  friction  (Fr.  JBat. 
321386,  1902). 

For  othiT  ortranic  compounds  of  silvi  r,  .•■vf 
Kug.  Fats.  20353,  1801 ;  23507, 1902 ;  J;'r.  Pat. 
380197.  1907:  D.  R.  P.  218728;  Ohaiabot  and 
March.  T]uII.8.ip.chim.  1899.  [iii.l  2!  Lieber- 
numn,  ik  r.  llMi2..*ir>.  1094  :  Kahlen  berg,  J.  Phys. 
Ghem.  1908.  12.  283;  ibid.  1909,  13,  421;  J. 
Chem.  Ind.  1909,  707;  LupjJo-CVamer,  Zeitsch. 
(Jhem.  Ind.  K<»lloi(le.  Um.  2.  325:  Doughtv, 
J.  Amer.  Chem.  Soc.  1WI9,  41,  32»j :  Anpelli. 
Atti.  H.  Acead.  Linoei.  1909,  [v.]  18.  ii.  38; 
ibid.  1910,  f  v.l  19,  i.  784). 

■ntVBB  AMAYDrG  v.  AaaAYimi. 


down  with  great  pressure  and  address  till  he  lias 
given  the  surface  a  uniform  silverv  ajijwjct.  A 
Arench  patent  (366785,  1906)  describes  a  special 
process  of  preparing  the  silver  leaf  used  in  these 

operations. 

Silvering  by  the  precipitated  silver  chloride. 
The  white  curd,  obtained  by  adding  a  solution 
of  common  salt  to  one  of  silver  nitrate,  is  to 
be  well  washed  and  dried.    1  y>art  of  this  poxsder 
is  to  be  mixed  with  3  parts  ut  g(x>d  pearla.sh, 
1  of  washed  whiting,  and  1^  of  sea  xalt;  or  50 
parts  of  the  chloride  are  mixed  with  150  of 
potassium  cyanide.  15  of  aluminium  nitrate, 
.')0  thorium  nitrate,  100  ix)tassium  bitartrate, 
,  300  distilled  water,  and  350  of  chalk  (Fr.  flat. 
;  320154,  1902).  After  cleaning  the  surface  of 
i  the  brass  it  is  to  be  robbed  with  a  piece  of  soft 
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leather,  or  oork  rnoistonod  with  w^atcr  and 
dipped  in  the  »boTe  po  M-dcr.  After  the  silvering 
it  should  be  thoroughly  washed  with  water, 
dric<I,  and  immctliaiclx  \ arni-^lud.  Some  U8C  a 
mixture  of  1  part  of  the  Hilvcr  iireciuitato  with 
10  fiff  cveftm  of  tartar,  and  this  nustuie  ah» 
moHvrvn  very  wvU. 

Others  give  a  coating  of  silver  by  applying 
M"ith  friction,  in  the  moistened  state,  a  mixture 
of  1  part  of  silver  powder  precipitated  by  copper, 
2  narts  ot  ermm  of  tartar,  andfas  muoh  oommun 
salt.  TIk-  |tic<-f  imist  In-  iinnicdiatrly  washed 
in  tepid  uat«'r  very  faintly  aikalisodt  then  in 
sliffhtly  warm  pure  water,  and  finally  wiped  dry 
befon-  thf  fin-. 

VariiiUii  lUhi  r  niixtureH  are  employe<l  ihus : 
the  silver  chloriile  may  Ix;  disKolved  in  aqueous 
aodiam  thiosulphate  and  the  aolation  mixed  > 
with  8  p.e.  amnumhim  chloride  lohitkm.aininonta  I 
and  levi-;at-<l  ehalk  (Fr.  Pat.  3r.r)5lS.  IW",).  A 
mixture  of  the  chlorides  of  silver  ami  iron,  or 
copper,  together  with  those  of  the  alkaline  earths 
or  uf  mn<>TirFium  or  nlnminium  has  ahm  been  ' 
employeti  (D.  K.  i\  118U22). 

Anctther  ])roce8B  consists  in  the  use  of  silver 
resinate.    The  latter  is  obtained  by  the  inter- 
action of  an  alkali  resinate  and  a  soluble  silver 
Halt  in  aqmtJUH  solution  or  by  lit  atiiiL;  n  sin  with 
an  easily  decomposable  silver  salt  or  with  silver  j 
oxide.  The  silver  rennate  is  dissolved  in  beniene  | 
and  the  solution  is  applii^l  to  the  siirffirc  t<i  \n> 
coated.    The  benzene  is  allowed  to  evajjorate  in 
the  dark,  and  the  artide  is  then  either  exposed  | 
to  the  light  for  some  time  or  treated  with  n 
solution  of  hydroquinone  or  pjTogallol  in  rthyl 
or  methyl  alcohol.    The  resin  is  then  remove*! 
from  the  reduced  silver  by  means  of  a  suitable 
solvent.  This  proosw  may  abo  be  used  for; 
jilatiiiu  tlu'  interior  snrfaoe  of  artieles  (Ft,  Fat. 

380H«ti.  iWMi}.  I 

The  inferior  kinds  of  plated  buttons  get 
their  Nilvfry  eontint:  in  thr  fillowing  wny  : 

Two  OJ5.  of  silver  iljluride  are  uiixtd  up 
with  loz.  of  corrosive  sublimate,  3  lbs.  of  common 
aaltf  and  3  lbs.  of  zinc  sulphate  with  water  into  | 
a  paste.   The   buttons,    being   cleaned,   are ' 
smtand  ovrr  with  that  mixlun'  ami  exposed  to 
a  moderate  degree  of  beat,  which  is  eventually  ) 
raised  nearly  to  redness,  so  as  to  expel  the 
mercury  fr»*m  ihc  Amalgam  fornuil   In  thi- 
reaction  of  the  horn  jiilver  and  tlie  currubive 
Bttblimate.    The  copper  button  thus  acquires  a  | 
iiilvery  surface,  which  is  brightened  by  cleaning 
and  bnmishing.  ' 

A  mixture  fnr  sil\i  r  i)Iaiiug.  whereby  clean- 
ing, scouring,  autl  plating  are  said  to  be  carried 
out  in  one  process  consists  of ;  IS  parts  of . 
silver  nitrafr  t( m \ crtiMl  into  silver  ihlnriflr  hy 
hytlroehlurio  ttcul,  ;{."»U  iUO  i»t  UijM;li  powder  or 
jewellens'  nuige.  or  fine  enu-ry.  80-100  of  acetic 
acid  or  vinegar,  SOO-SfiO  sodium  chloride  or 
fw)dium  nitrate,  and  1  litre  water  (fing.  Pats. 
1432-4,  <5580.  1899).  1  li.  unprepared  article 
beins  rubbed  with  the  mixture. 

To  produce  a  coatinf  of  silver  on  ]mi)er  or 
leather,  a  mixtiin  of  ainnmnium  silver  n  it  rate 
anci  of  n  ri-diu;in>;  still  tprepannl  by  iniilnig 
aquiMuiH  ]x>tnssium  su<lium  tartrate  with  sugar) 
is  applied  to  a  glass  plate,  and  the  sliver  film 
formed  is  washed,  driid,  hiuI  rovere<l  with  a 
warm  solution  of  ^rc  latin.  The  piijH-r  or  leather 
to  be  coated  is  now  laid  on  the  film  and  roiled. 


After  dryinii  the  film  is  atrippt-J  fn>Tn  the  gla8R 
surfac-e  and  adheres  to  the  paper  or  l<«ther 
(Eng.  Pat.  20709,  1903;  see  also  I>:ng.  Fat. 
4385,  1908). 

To  render  the  silver  surface  ni>n-tarniKhable 
the  article  is  sometimes  coated  uith  a  layer  of 
zinc  or  other  metal  which  will  alloy  with  silver, 
but  will  not  combine  w  ith  .suipiiur-  The  article 
is  then  subjected  to  pressure  by  placing  it  into 
a  doeed  cylinder  into  whush  a  liquid  such  as 
petroleum  or  a  solution  of  a  salt  of  the  coating 
metal  is  puniiM-il  {Vaxh.  Pat«.  2.'>wn,  1900; 
16f)38,  105.39,  18210,  1W7  ;  J.  Soc.  them.  Ind. 
1908,  947).  Silver  mirrors  are  sometimes  pro- 
terti><l  with  a  film  of  celltUoid  (FMOt,  Oompt* 
reiitl.  am,  J41i,  12:)}. 

The  silvering  of  glass  for  the  manufacture  of 
minors  is  oanied  out  by  a  variety  of  jtrooeawa* 
in  most  of  wfaidi  ammonlacal  silver  mtrate  and 
some  reducing  agent  are  eiuj)!oyed.  hut  each 
worker  seems  to  have  his  own  reei[K>.  The 
tartrates,  however,  give  the  most  brilliant 
surface-.  The  substances  should  be  taken 
approxnnatt  iy  in  the  proportions  expR*8sed  by 
the  following  equation  : 
4AgNO,-f-4NH,+C«H-(KNa)0,  +  H,0 

=2Ags+4NH,N(),+('3H,KNaOj4^(X), 
but    111     irtnite  should  be  in  slight  excess. 

A  portion  of  the  silver  nitrate  solution  ia 
mixed  with  the  tartrate,  warmed  and  (Utered 
afti-r  the  liqiiid  has  Ijlrickcneil.  AiiitDonia  is 
then  added  to  the  rest  of  the  Mlver  nitrate  until 
the  precipitate  first  formwl  is  redissolvwl.  The 
mixture  of  the  two  solutions  dejwisits  silver 
easily  ancl  unift>rmly.  Befor*^  the  (k]M>sition  of 
the  silver  the  glass  surface  sliould  be  pre^Mtred 
by  washing  with  stannous  chloride  and  rinsing 
with  water. 

The  nature  of  flic  varnish  employed  to  pro- 
tect the  tiira  is  also  of  great  importance,  as  many 
substances  are  liable  to  attack  the  thin  silver 
mating.  Shellac  is  nstinlly  emiiloyed.  hut  a 
mixture  of  resin  with  an  ius4>luble  bi^e,  such  as 
zinc  or  magnesia,  are  said  to  be  very  good 
(Fafet,  Rev.  t  him.  Ind.  1898,  9,  5).  A  process 
of  silvering  mirrors  in  which  fortialaehyde. 
toL'i-thcr  u  ith  Lrl,\  (  ('rin.  v'"'"  •"'UL'ar  solution 
are  utted,  ia  described  in  a  I'r.  Pat.  (392243, 
1909 ;  J.  8oe.  Chem.  Lid.  1908,  1204)  (v.  art. 

on  Kl  EC^TROrLATrN'*^ ). 

SILVER  WHITE.  Jihuic  d'argtnl  v.  Piqmbmts. 
SINILQR.    .\  rieh-<'okmre<l  brass,  said  to  be 
oompo.M.nl  of  3  or.,  of  zinc  to  1  lb.  of  copper. 

SINALBIN  r3„H,,O,,N,S,.5Hj0,  a  crystal- 
line substance  containwl  in  white  niustard  seed 
(iStnaflM  alba  [Linn.]),  of  a  sharp  taste,  ^sily 
soluble  in  water,  and  oonverted  by  myroain  into 
sinalbin  mustard  nil.  n<  id  sulphate  of  sinapine 
and  gluo(j^se  (r.  (.Jlucosipk-s). 

UNAFDIB  «.  Gltoobidb  and  Taono* 

ALKAT-Otl>M. 

SINAPOLINE  iJialli/l  urm  CO(NH;C,Hj)t. 
A  crystalline  substance  obtainwl  by  Itoiling  mos* 
tard  oil  with  baryta  water  or  lead  oxide. 

81MI0RI1I.   A  gineoside  fotmd  in  black 

mustanl.  f  ;e-II\  -^iilu!il>-  in  Avaler,  >li._'h11\'  soluble 
in  9(i  p.e.  uli  uliol,  jnwlubie  in  aiuv  1  and  i^obutyl 
alwhols.  ether,  acetone,  or  chloroform,  some- 
what soluljle  in  warm  methyl  alcohol.  n»elts  and 
Iteeomes  bniwii  at  130^  gives  a  whit«^  precipitate 
with  bdiiie  lead  acetate  in  pre«ene<'  of  ammonia, 
a  yeliow)Hh<red  colouration,  but  no  evolution  of 
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mustard  nil  when  boiled  wHli  33  p.c  aolntkm 
of  potassium  hydroxide.  Hydrolysed  by  eryro- 
sin,  but  by  no  other  hydrolytio'easyme,  with 
forniatioii  of  allvl  i«othii>eyMt*te  (Goiiiieriiiaiui» 
Pflug.  Arch.  PhvV.  1911,187,463:  J.fik)O.Gh«m. 
Ind.  1911,  30,  3U0). 

SDfODOR.  A  term  for  a  basio  nm^eMum 
a(  (  talc  (p.  Acetic  acid  ;  &im  Maonksium). 

SINTER.  A  name  applied  to  incrustations 
on  rooks  or  elstu  hen-,  from  mineral  waters. 
Acoofdiog  to  the  oaturo  of  tho  deposit,  it  is 
distingoidied  as  oaloftreous  finter  (tmvextine), 
i-j  (quartz  or  (>]>»!),  femgifiOiiB  (pittlcite), 
arsctuL-ul  (sconxlif <■).  itc. 

SKIMMIN  /   (  :m  .  usiDES. 

SKUTTERUOJTfi.     OobaU    triarmude  v. 

COBAT.T. 

SLAG,  BASIC,  V.  Fertiusess. 
SI«ATJE.  (Ardoise,  Ft, ;  Schiefer,  Ger.)  A 
fine-fimined  Mdimentary  rook,  umially  ai^illa- 

oeous,  characterised  by  a  highly  tisaile  .structun-. 
The  fiaaility,  termed  ttat}/  clcavnfje,  is  due  to  a 
WMmnipnnent  of  the  particles  <>f  tiio  rock  con- 
Bcqupnt  on  compn^sion,  and  it  has  been  8ho^vn 
by  Sor  by  and  others  tlial  the  direction  of  cleavage 
is  at  right  angles  to  that  in  which  the  pressure 
WM  applied ;  heooe  the  planee  of  cleavage  need 
not  bear  any  relation  to  the  original  bedding  of 
thi!  rurk.  (For  an  able  discussion  (jf  the  subject 
of  slaty  eleavage  r.  A.  Harker,  in  lU  p.  Brit.  Ass., 
for  1885,  813.) 

Jfost  .shit<"s  htive  originally  Ix-cn  clayoy  sotli- 
ment->'.  aii<l  tlii'\  coiii^tiueully  preMiot  wuch  tho 
suiuo  I'hfiuical  composition  as  clays.  It  is 
notable  that  minute  actoular  orystab  of  rutile 
aie  often  abundant.  (On  the  origin  of  slate  and 
of  tho  rutile  v.  VV.  M.  IlutchiiiL's,  Geol.  Mag. 
1890,  2M,  316;  1891,  104,  3W.  459.)  fiUny 
secondary  minerals,  particularly  ohiaatolite,  may 
bo  developed  in  shitf.  especially  where  it  is 
invaded  by  igneous  rocks,  such  minerals  being 
commonly  found  in  tho  zone  of  metamorphism 
aioond  sranite  iutrudctl  into  an  area  of  slat«. 

The  De«t  slates  occur  in  North  Wales,  where 
they  have  been  workcfi  since  at  hnst  the  six- 
t(^>cnth  century.  The  principal  quarries  are  those 
of  Penrhyn.  near  Bangor,  and  Dinorwig,  near 
Llanberis,  wh^ro  purple  an<l  gref»n  slntcs  are 
worked  in  the  Llauberis  emtip  of  the  Cambrian 
syfltMn.  The  slates  qunrrii  <l  around  Ffestiniog 
OOOUr  at  a  higher  geological  horizon,  being 
referable  to  the  Llandeilo  IkhIk.  In  Com  wall 
and  Devon  slaty  rocLs  ot  Di  voninn  age  are 
abundantly  developed,  and  have  been  exten- 
sively quarried  at  Delabole  andTintagel  in  North 
Cornwall. 

Slat«s  are  not  only  valued  m  roofing  mati  rial. 
but  are  use<l  in  large  nlahs  for  ci»tenis,  flags, 
steps,  tonib«itones,  billiard  tables,  &c.  Mantel- 
pieces are  often  con.structe<l  of  slate,  and  ena- 
melled to  imitate  marble  or  serpentine.  Minor 
uses  of  slate  are  for  splitting  into  school  alatea 
and  cutting  up  into  slate  pencils.  For  pencils  a 
Hoft  tinc-trrnincd  mntrrinl  i=;  required,  but  (»«  onlv 
small  pi(x:es  are  usikI  tiierc  is  no  disadvantage  in 
theroek  being  broken  u])  by  joints  and  cleavage- 
planes.  The  Skiddfnv  slate  of  the  Lake  District 
is  used  for  pencilr*.  The  gn^-n  .slates  of  the  lior- 
rowdale  series  of  Cumberland,  wliieh  an*  usefl  for 
roofing,  consist  chiefly  of  tine  volcanic  ash,  in 
wfaidi  perfect  deavage  has  been  developed  by 
oompresskm. 


Although  the  term  *  slat©  *  should  properly 
be  rf.strict(d  to  rock-s  wliich  exhibit  .siiprrindiKid 
cleavage,  it  is  often  extended  to  hssile  rocks 
which  split  along  the  original  planes  of  bedding. 
Such  thin  flaggy  rocks  occtir  in  the  Oolitic 
system,  and  though  not  so  thiu  and  light  as  true 
slates,  arc  used  for  sake  of  their  picturesque 
effect,  especially  in  Gothic  buildings.  Tho 
Slonesfield  slates  of  Oxfordshire  and  the  Coffy- 
weston  slates  of  Rutland  are  calear<ous  santl- 
atones  of  this  character.  Such  slates  are  not 
readily  split  into  thin  slahs  when  fint  qoanted, 
but  ncc<l  (.-xposun-  to  a  ^rinter*B froot in oidec  to 
develop  their  latent  tistsitity. 

References. — J.  A.  Howe,  Thf  Geology  of 
fiuilding  Stones,  London,  1910.  For  tlu-  ilctails 
of  quarrying  and  dressing  slat<.',  v.  D.  C.  Daviu.^, 
Slate  and  SUte  Quafzying^  London,  1878. 

F.  W.  ». 

SMALT  V.  OoBAM. 

SMALTTTE  (Spftskobalt,  Ger.).  A  minerals 
consisting  essentially  of  cobalt  diarsenido 
Co  As,,  (^importance  as  an  ore  of  co  ba  It.  It  has 
long  bcon  used  for  tho  prcpamiion  of  smalt, 
hence  the  name  smaltite.  Thv  crystals  potanjna 
tho  same  degree  of  symmetry  as  coooltite 
(CoAsS)  and  inm^pyrites  (FeS,),'but  the  pyrito* 
hcdral  fsoes  ««  not  often  present,  the  form 
being  usually  the  simple  cuIh'  or  tho  cubo- 
octahedron.  Distinctly  formed  crystals  are, 
however,  exceptional,  the  mineial  usually  occur-  • 
ring  as  granular  and  compact  mnf?scs.  The 
p'rcentage  of  cobalt  required  fur  the  above 
formula  is  28-2,  but  analyses  randy  show  over 
20  p.c. ;  this  is  due  to  the  isomorphous  replace- 
ment of  cobalt  by  iron  and  niclcel,  and  as  the 
nickel  ii;iTf'asi.-s  in  amount  thr-re  is  a  ^ratlual 
passage  to  tho  isomorphous  mineral  ehluanthite 
(q.v.).  The  colour  is  steel-grey,  an<l  the  streak 
greyish-black.  The  material  is  brittU';  11. 
51-6  ;  sp.gr.  Heated  m  a  bulb-tubu  it 

gives  a  sublimate  of  metallic  arsenic.  When 
weathered  the  mineral  alters  to  ervthrite  (cobalt- 
bloom),  tho  characteristic  pcaoh-bloasom  oolour 
of  wIulIi  us  viTv  often  to  be  seen  as  specks  and 
stains  on  specimens  of  smaltite,  thus  affording 
an  easy  means  of  reoognising  the  mineral. 

Smaltite  occur  ,  t  Y^'other  with  otth  of 
nickf'l.  .sdver,  an<l  coppi  r,  in  veins  traversing 
graniiti  and  gneiss  at  Schne«d)erg,  Annaberg, 
ami  Freiberg  in  Saxony,  Joachimsthal  m 
Bohemia,  Wittichen  in  Baden,  Sec.  ;  and  in 
1903  a  similar  occurix-nco  was  di.scovercd  at 
Cobalt  on  Lake  Tomiskaming  in  Korthcru 
Ontario.  In  assooiatkm  with  niooolite,  barytes, 
and  a.slxiliff"  it  occurs  in  veins  traversing  tho 
Kupferschicfi T  (coj)]M  r  slatt;)  at  RichelMlorf  and 
Bicber  in  Hi  sse.  and  at  Kamsdoif  and  Gliicks- 
Itruiin  in  'J  liuringia.  Tho  occurrence  of  the 
mintral  in  the  Saxon  Erzgebirge  led  to  tho 
establishment  long  ago  of  cobalt  colour  works  in 
this  district,  Tiie  stUl  larger  quantities  recently 
found  in  Canada  are  iiar  more  than  is  required 
for  the  (o'  r  industry,  and  attempts  have 
consequently  been  made  to  introduce  metallic 
cobalt  for  the  same  purjxjses  as  nickel. 

Safflorite  is  also  cobalt  dinrsenide.  but 
orthorhombic  in  crvstallisatioii ;  it  i.s  thu.n  dimor- 
phous with  smaltite  and  isoniorphou.'*  with 
mispiokel  and  roarcasite.  It  occurs  together 
with  smaltite ;  in  the  massive  form  the  two  are 
praoUcally  indistinguiahabie,  and  no  doubt  the 
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ordinary  ore  contains  both  nuneral.-.  Tlio  i^onrcc,  atvl  in  most  <  i>(  s  the  nosi-  is  a1>lf  to 
name  'iiafliorite'  ia  from  safire  or  safllor,  a  dotoct  the  chaiuct«;r  of  the  burning  material  Irum 
mixture  of  toasted  oofaftlt  ore  Micl  quartz  U8e<l  ,  theRraelluf  the  condensing  vapours  in  the  smoke, 
for  '   I  'lrSr  '  ]".'U'Tv.  L.  J.  8.      8o  that  tobat'co  smoke,  coal  smoke,  wood  sni'skp, 

SMELLING  SALTS  consist  of  mixtures  of  the  smoke  from  green  vegetable  matter,  ragh, 
ammonium  carbotuito,  cr  k-^.s  liften  ammonium  animal  matter  or  gunpo\t'der  hATe  gnoh  distinc- 
chluride,  with  a  variety  of  eaaeatial  oils.  A  large  tive  charact«ciatioa  (nat  the  senBO  of  smell  at 
number  of  recipes  are  employed  in  their  pre-  once  differentiates  between  them, 
paration,  thf  lollnwing  of  which  may  be  men-  It  will  also  1"  r  hctd  that  the  snull  of 
tioaed.  Small  glaives  or  bottlea  with  ground  smoke  has  great  diiluaive  power;  thus  the 
flasB  stoppers  are  filled  with  pieoes  of  sponge,  odour  from  a  burning  heap  of  weeds  may  be 
I<rt'\iuu>fv  beaten,   washed,  and  dried.  detectf<l  at  lotm  ilisiaiucs.  whilst  n  rii^nrrtto 

i'hese  aru  thca  tialurated  with  a  mixture  of  smoked  iu  a  j^ruiiiid-liixir  ruoiu  ctiu  be  dttectotl 
ammonium  chloride  (9  parts)  and  oil  of  lavender  throughout  the  house. 

(I  part);  or  the  bottle  may  be  filled  with  T^,  together  with  many  other  characteristics 
uniform  siml  pieces  of  ammonium  oarbonate  of  smoke,  is  due  to  the  form  taken  by  the  con- 
and  the  alxuvo  mixture  poured  over  if.  Oth»r  densing  liquids,  whicli  have  a  (rcrtaiii  diprcc  of 
mixtures  consist  of :  (1)  2  os.  ammonia  water, ,  viioo«ity,  and  which,  as  their  vapour  coola 
7  drom  of  oil  of  lemon,  2  of  oil  of  laTender,  4  of  down,  condense  in  the  form  of  minute  veaielea 
oil  of  bcrgamot  :  (2)  4  oz.  ammonia  ■nutcr,  15  fillnd  with  nir  or  products  of  comhiistion,  and 
minims,  of  oil  of  rosemary,  15  of  Englieth  lavender  which  coutmuc  to  tioat  until  enntart  with  some 
oil,  8  of  oQof  bergamot.  and  8  of  oil  of  oloTSa;  surface  causes  the  bursting  oi  the  liquid  onvelopo, 
(3)  a  coarse  powder  of  normal  ammonium  oar-  which  deposits  as  a  minute  diop^  iiberating  its 
bonatc  is  sometimes  perfume<i  \vith  bergamot  oil '  gaseous  content*. 

(0"56  drm,),  lavender  oil  (0-9  drm.),  nutmeg  oil.  That  this  is  so  may  be  seen  from  an 
olove  oil,  rose  oil  (0-78  drm.  each),  cinnamon  oil  experiment  deviaed  by  Mr,  Uovwden,  in  which 
(S'82  dnns.).   This  preparation  is  known  as  a  puff  of  cigarette  smoke  drawn  through  a  eell 

white  gnirllin'j  Afilt.s.  of  suitablo  stnicture  and  illnminntc-d  l>y  an  arc 

Violti  «nteUin{f  salts;  coarsely  powdeml  am-  light  or  o\\  liyilrogeii  limeUght  from  below  can 
monium  carbonate  is  moistened  with  a  mixture  l^- «'.xiimiiu'*I  In- the  microscope,  when  the  vesicles 
of  2^  oz.  of  concrntrated  tincttirc  of  orris  root,  arc  clearly  vi.^il'Ic  andean  be  seen  to  be  endowed 

1  drm.  of  spirit  of  ammonia,  3  druM.  of  violet  with  trreat  activity. 

extract,  or  the  moistened  carbonate  is  treated  (Jivcn  })n>|>er  conditions  most  ooruh using 
with  a«  much  ol  a  miztuie  of  6  minims,  of  oil  of .  vapouxa  appear  to  assume  this  form,  and  tho 
orris,  10  of  oil  <rf  lavcoder  flowen,  SO  cf  ^liolat  I  small  veaioolar  masses  seem  to  retain  tho 

extract,  and  2  fluid  OS.  ol  ammonia  trator,  aa  it  molecular  ncti^-ity  nf  thr  particles  that  build 
will  ahsorl).  ;  them  up,  and  there  is  little  doubt  that  in  fog  or 

l^tMon  .viU  consists  of  a  mixture  ammonium  '  okmd  it  ia  thhi  formation  that  gives  the  floating 
chloride  and  frcshly  -Iaked  limCt  to  wfaioh  a  power,  as  thn  water  vapour  contained  by  the 
suitable  perfume  is  adih  d.  vesicle  is  only  a  little  more  than  half  the  weight 

Aniisef4ic  smelinhj  siiKj)  ;  often  used  for  colds,  of  air.  It  also  explains  tho  formation  of  rain 
hay  fever,  &c,  oonsiat  of  the  foUowing  mixtures :  i  bjr  gun-fire  and  the  dispersion  of  fog  by  electrical 
(1)1  lb.  ammonium  earbonate,  2  ihiid  oz.  !  djsonargcs,  the  bursting  of  the  vedele  in  each 
ainiiionia  soliitiun.  4  fhiid  drms.  eucalyptus  oil,  ca.sf  Icadin;;  lo  jireci})itat irm. 
Ifluiddrm.  lavender  oil,  2  fluid  drms.pcp])ermint  I  The  form  of  smoke  which  is,  perhaps,  the 
oil ;  (2)  120grms.  phenol.  If  fltiiddrms.eucalyp- I  most  injurious,  and  to  which  wo  are  moat 
tus  oil,  4  fluid  OT.  nmmnnia  snhttion.  (3)  10  accmtomccl,  is  that  pnMhu-ed  by  the  nop  nf 
jmrt^  montholaredissiilved  in  7H  partsof  alcohol,  bituminous  coal  a.s  a  fuel  for  nianufactuiiiig  and 
and  12  p^ts  of  iininioiua  solution  are  addetl.  domestic  use,  and  which,  with  the  growth  in  the 
Other  anUseptio  smeLLiug  salts  are  fwepred  by  |)opalation  of  the  ooontty  and  the  piod^ 
mixing  1  fluid  oz.  each  of  liquefied  phnnol.  metlwds  of  nring  the  fuel,  is  OEwtng  in  owlaxg* 
e\iralyiitus  oil,  iodine  .snlutinn.  and  2  I'  l  i  <  /.  towns  af  mo--|>!ieric conditionsthatareliltlesliort 
of  ammonia 0oluik)U  ;  or  3(K)  grms.  otauuuunium    of  a  national  Mmndal. 

earbcmate,  120  of  camphor,  480  of  phenol,  1  fluid       When  in  the  thirt<>enth  oentuzy  bittuninova 

drnm.  of  eiiealyptus  oil,  1  of  lavender  oil.  and    coal  was  first  u»e<l  for  fuel  puriKxses,  the  smoke 

2  of  animonitt  solution  are  mixed  with  a  sullicieut  to  which  it  gave  rise  rouswl  such  indignation 
quantity  of  wood  charcoal  to  form  a  suitAble  that  a  deem-  m;is  {tassed  in  1306  forbidding 
mass  (dee  Encycloptedia  of  Receipts,  Dick,  119;  i  its  use;  but  fuel  ha<l  to  l)o  found,  and  the 
20th  C.  Book  of  Recipes,  Hiscox,  1907,  filO;  supply  of  timber  proving  insufficient,  once 
r'lirmisch.  Technische  I^exic'in,  l$ersch,  HK)8,  more  attemj^fs  were  mud.'  to  introihice  it, 
(}3U ;  Scicnt.  Amer.  (Jiyolopeedia  of  ^onnulas,  but  again  public  opinion  led  to  its  banishment 
Hopkins,  1911. 873).  •  during  the  reign  of  Queen  Elizabeth.  The 

SMILACIN  V.  Saiispaiwixa,  tliird  attempt,  however,  to  bring  it  into  use 

SMITHSONITE  t*.  Zinc.   proved  Rucce-Hsful.  and  slowly  the  consumption 

SMOKE  and  SMOKE  PREVENTION.  Smoke  I  increased,  until  the  last  century  saw  f»>Bl  firmly 
consists  of  liquids  and  solids  condensing  from  I  e^tjihlished.  not  only  as  a  f uel  for  ^mestio  0(m« 
heated  {ttoduota  of  combustion  as  they  eficape  sumption,  but  aim  as  the  great  source  of  power, 
into  the  cool  air.  un<l  in  many  cases  solids  carri'd  and  il  wa-  tin  M-^sii.n  of  L'feat  ■-tores  of  the 
from  the  burning  mass  l)y  the  upnuih  of  heated  .  fuel  tbatgavcEugland her commcrcialsupremacy. 
g^i-s.  If  the  products  of  combustion  are  |  It  was  only  in  the  latter  half  of  the  last 
entirely  gaseous  IK)  smoke  is  formed.  century  that  the  cumufntivr  rff'^et  nf  smnke 

The  character  of   smoke  varies  with  its  j  U-^an   to   make  itself  appreciable,  and   the  . 
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eighties  and  ninetiM  ■were  nmkBd  by  »  diminu- 
tion in  fhc  hours  of  sunshino  in  our  big  cities, 
and  by  fugs  oi  rt.'iuarkablc  deaaity;  but  such 
legulAtion  aa  was  enacted,  tho  efforts  of  those 
interested  iti  smoke  abntcmrnt,  and  the  larpo 
increase  tliat  has  taken  place  iu  tho  una  of 
coal  gas  for  cooking  and  fuel  purposes,  have 
apjCMNiitly  had  sooie  slight  inflaenoe  in  a 
leoaotion  of  the  plague.  Gert«in!y  dniinf  reoent 
yvAva  the  fog.s  liavo  not  }>c('ii  of  tho  same 
<len8ity  or  so  frequent  as  iu  the  precedijir;  20  or 


30  yean;  but  how  iw  this  has  txcn  due  to 
efforts  at  smoke  abatement,  and  how  far  to 
meteorological  conditions,  it  id  difficult  to  say. 

The  factor  which  makes  it  difficult  to  obtain 
complete  and  therefore  smokeless  oombostion 
of  coal  in  a  fomam,  and  almost  impossible 
in  ftn  (jnliniiry  crate.  i,s  that  hitiiminou'i  coals 
of  the  kind  used  as  fuel  dccompoi^ie  rapidly  at 
temperatures  above  400%  witix  the  evolution  of 
gases  and  coiuleiisable  vapours,  whilst  a  solid 
residue  of  carbon  ui  the  form  of  coke  remains 
on  the  htan. 

The  gas  is  of  the  character  of  ordinary  coal 
gas,  ana  is  easily  burnt  without  smoke,  whilst 
the  coke  rf-si(lue  also  offers  no  difficulties,  l>ul 
tho  vimours,  which  on  cooling  condense  to  tar, 
are  or  so  oompbx  a  nattixe,  and  under  the 
influence  of  heat  undergo  such  varie<i  changes 
that  tlieir  a^iubustion  is  a  most  difficult  problem, 
and  it  is  the  carbon,  pitch,  tar  oils,  and  products 
from  these  tliat  arc  the  smoko-prodaoing  factors. 

The  period  at  which  tho  densest  smoke  is 
emitted  is  in  esory  case  immediately  aft«r  fresh 
fuel  has  been  fed  on  to  tlie  fire,  and  in  a  fuxnace 
with  properly-proportioned  oombmtiaii  space 
and  carefully  adjusted  air  supply  anfl  chimney 
draught,  careful  titokitig  or  the  use  of  auiomatio 
•token  will  do  much  to  reduce  it ;  but  in  the 
domestic  grat«,  where  neither  air  supply  nor 
draught  can  be  properly  controllc<l,  and  where 
tho  coal  is  pnt  on  in  pieces  often  of  eonsideriihlc 

size  and  in  quantity  sutficient  to  prevent  any 
farther  feedin^r  being  needed  for  a  oonsidecabw 

time,  the  conditions  for  .smoke  pro(hir;tiun  arc  at 
their  best,  aud  the  loss  (.»f  tlie  c  iloritio  efficiency 
of  the  coal  bccomea  so  great  that  often  less  than 
20  p.o.  of  tho  heat  finds  its  way  into  tho  room. 

Tho  statements  that  have  been  made  as  to 
the  loss  of  h<-at  from  tiie  formation  of  smoke  are 
so  varied,  and  in  many  cases  so  excessive,  that 
it  will  be  weU  to  oonaider  the  thermal  Mtioos 
taking  plaoe  when  bitaminooe  ooal  is  led  on  to  a 
clear  tire. 

A  pound  of  ordinary  bituminons  ooal,  as 

used  on  the  domestic  lire,  contain?)  a  total 
amount  of  heat  equal  to  1 1,LKX»  B.Th.Us. 
On  putting  it  on  a  bright  fire  there  is  at  once 
a  noticeable  fall  in  tempeiatnxe,  and  from  the 
fresh  coat  streams  of  steam  and  brownirii  smoke 

will  be   serii   to   e-e;ipe   u|)   the  chimney,  the 

temperaturti  aliove  th«  newh" -charged  fuel  not 
bein^  sufficient  to  ignite  it.  ^he  browfljsh  smoke 
consists  of  coal  gas  and  tar  vapour,  and  after 
half  an  hour  the  heat  from  1k>1ow  j.ieuLlrates  the 
distilling  coal,  ignites  the  escaping  gas  and  tar 
vapour,  and  so  gives  a  cheeI^fui  ftame  which 
radiates  heat  into  the  room. 

The  radiant  h-  il  fruni  a  flat  gas  llanic  i.s 
about  18  p.c.  of  tho  heat  value  of  the  gas,  but 
when  the  gas  is  diluted  with  products  'o(  com* 
bastion  and  over*aeratcd  by  the  mab  of  air 


{ inwards  from  the  room,  as  is  the  ease  with  an 

open  fire,  under  the  host  conditions  it  rarely 
reaches  10  p.c,  and  as  in  a  coal  tiro  quite  one* 
half  of  the  gas  evolved  from  the  coal  escapee 
np  the  chimney  nnburnt  during  tho  period  when 
thu  top  of  the  lire  ia  at  too  low  u  temperature  to 
ignite  it,  5  p.c.  of  tho  heat  of  the  gas  evolved  i.s 

I  a  liberal  auowanoe  for  the  radiant  heat  from 

I  the  flame  above  the  fire. 

The  [xnind  of  coal  distilled  luulor  the  oon* 

,  ditions  existing  in  tho  lire,  heated  only  from 

I  below  and  cooled  by  the  air  above,  will  certainly 
not  yield  more  than  5  cub.  ft.  of  GOO  B.Th.U. 
gas,  so  that  tho  huat  radiated  into  the  room 
from  flame  from  the  gas  will  not  excee<l  150 
B.Th.Us.  There  will  be  0-06  lb.  of  tar  vapour, 
having  a  thermal  value  of  18,000  BwTh.Us.  pec 
lb.  equal  to  SOO  B.Th.Us.,  of  which  5  p.c.  again 
will  be  the  most  that  is  radiated,  or,  in  other 
Avords,  40  B.Th.TT8. 

Tho  burning  mass  in  the  grate  has  to  supply 
the  amount  of  neat  necciiijary  to  decomposti  tho 
coal,  convert  portions  of  it  into  gases  and 
vapoun»  wliioh  are  heated  to  the  temperature  of 
the  mass  and  escape  with  that  beat  up  the 
chimney;  thi.s  \\ill  recjuire  1200  B.Th.Us.  over 
and  above  any  endothermio  heat  due  to  the 
decomposition,  viiilst  the  evaporation  and  supeiw 
heating  of  the  moisture  in  the  ooal  aooonnta  for 
another  250  B.Th-Us. 

Air  has  to  pass  through  the  burning  fuel  to 
support  the  combustion,  and  if  it  could  bo  so 
perfectly  regukted  in  amount  as  to  be  just 
alxiut  ITyO  cub.  ft.,  then  the  residual  nitrogen 
and  tho  products  of  combustion  would  escape 
up  the  chimney,  and  would  leave  the  cone  of 
combustion  heated  to  760°  C.  (1400°F.),  abstract- 
ing not  less  than  6000  B.Th.Us.  The  strong  up- 
dnught  in  the  chimney  created  by  the  tiame 
and  heated  products  draw's  in  some  20,000  cub. 
ft.  of  air  per  hour  over  the  fire,  which,  together 
with  tho  grate  and  back  of  the  lire,  in  to  an 
extent  coobd  by  it,  a  loss  which  may  bo  included 
in  the  0000  B.Th-Us. 

Tn  the  bunun<;  coke  remaining  from  tho 
pound  of  coai  there  are  left  2750  B.Th.Us., 
from  wfaidk  tho  walls  of  the  Lrrate  and  ashes  will 
ab«?trnct  another  265  B.Th.Us.,  and  the  residual 
amount  radiated  into  tho  room  will  depend 
upon  the  temperature  and  bright luss  of  the 

flowing  mass,  so  that  the  most  heat  ^vo  can 
ope  to  obtam  is  2485+100+40  B.Tb.Us.,  equal 
to  2075  B.Tli.Us.  out  of  the  14,000  B.Th.Us.  in 
tho  pound  of  coal,  or  19  p.c,  tho  other  81  p.c. 
having  mostly  gone  up  the  ehimney  aa  waste 
heat,  or  unbumt  in  the  mixture  of  tar  vapour, 
steam,  carbonaceou^i  uuittcr,  gas>eb  ami  a^h  that 
is  called  smoke. 
I  We  can  now  make  up  the  balance  oi  heat  for 
>  the  eoal  fire  as  followi  «— 

B.Th.U. 

One  pound  of  coal  —  14,tK)0 
I  ,Ingas       .       .       .  2850 

/  In  tar  vapour    .       .  700 
I  j^^j.      I  Moistore  .      .  260 

o,  Decomposition  and 

,  •    ]     volatilisation  .       .  1200 

I  Products  of  combtetion  0000 
^  Grate  and  nsh    .        .  265 
Available  j  Heat  from  tire        .  2485 
19p.o.    \Heat  from  flame  190 

14,000 
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Tlu  sc  fimircs.  Ijii.scd  (HI  rar<  fnt  rxpi'riinciits, 
ehow  tkat  although  the  actual  amount  of  heating 
value  lost  in  the  srooke  itself  is  amall,  yet  tiiat 
the  heat  loMt  by  usin;::  V>ituminouM  con!  ami 
forming  smokr  amount-s  tu  4iiH)  B.Th.Ua.,  or  a 
third  of  the  heat  in  the  coal. 

If  the  produrtf!  escaping  from  a  fire  soon  after 
beini;  fed  with  fuel  be  collected  in  the  flue  they 
are  ^ound  to  OQOtain — 

1.  Tar  vapour ; 

2.  Water  vapour ; 

3.  Tarry  carbon  i>artk)lQ8 ; 

4.  FSftrticles  of  ash ; 
6.  Omcs; 

and  the  gaseH  on  aa«Ijnns  prove  to  be — 

Carbon  dioxide  0-70 
Methane  ....  0-30 
Hydrogen  ....  o-2<) 
Cllarbon  monoxide  .  .  .  O'Ul 
Oxj-gen  ....  18*85 
Nitrogen  .  .  .  .7^70 
Sulphur  acid.8  .  .  .  traces 
fittlplniietted  hydtogen  .  „ 

showing  the  dilution  that  han  taken  place  owing 
to  the  exceaa  of  Air  dx»wn  over  the  lire  by  the 
ehtniney  draught. 

The  tar  vfipiiiir  in  the  Miiokf  is  fttrinol  by 
distillation  from  the  coal,  w  luNf  thu  sulitl  carbon 
depoeita  coated  with  tur,  \\\i\>  h  we  call  soot, 
are  a  secondRrv  product  of  the  inromplete  com- 
bustion of  tht  Lar  vapuur,  and  are  formed  by  the 
cooling  of  the  flame  above  the  fire  by  the  air 
drawn  in  by  the  chimney  draught,  which  also 
carried  off  from  the  fine  particles  of  ash  and  ooal 
dust. 

Tbe  water  vapour  and  ga^cs,  other  than  the 
nitrogen  and  oxygen,  are  formed  by  oompletc 
and  incomplete  combustion,  and  amongst  tlicni 
are  to  be  found  sulphur  corop*>unds,  such  a.^ 
sulphuretted  hydrogen  and  Hulphur  dioxide, 
the  first  formed  during  the  distilling  period  when 
ooal  has  just  been  on  to  the  fire,  and  the 
latter  during  fhr  ('oiri1>u>ii<ni.  Botli  these 
coniiMiundH  an*  due  U>  thv  8ulphur  always  jjresent 
in  the  coal,  and  whibt  the  former  blackeius 
white  U'«il  jiuint  and  tarnisli.  s  silver,  the  sulphur 
dioxide  tliiiaolvinj;  in  water  (i\i<ltwH  to  8ul- 
phuric  acid,  whi<  h  i>  t;ir  more  a<  ti\  rly  injurious, 
corroding  and  destro^ina  metal  work  and 
building  materials,  retarding  the  growth  of 
vegetation  ami  fiiiid!y  killinL;  It. 

BiluminoUH  coal  contains  from  0*5  to  3-5  p.c. 
of  sulphur,  chiefly  in  the  form  of  iron  pyrites, 
and  it  is  p<  in  rally  assumed  that  nbout 
I<».0<X).(HJO  ui  coal  are  used  in  London 

annually,  the  sulphur  is  all  converted  into  sul- 
phuric acid,  and  that  anything  from  half  a 
million  to  a  million  tons  of  aoid  is  so  formed  in 
the  air  »>f  Londmi  in  the  course  of  the  year. 
This  is  undoubtedh  an  exaggeration,  as  during 
the  smoke-forming  period  of  combustion  a 
lar^je  proportion  of  the  sulphur  cmies  off  in 
conibination  with  hydrogen,  aiul  cHoapiug 
imbumt.  can  Ix-  deleetefl  in  the  chimney  ^MSS 
by  its  action  on  load  acetate  paper,  whilst  some 
of  the  sulphur  dioxide  is  removal  by  rain  before 
the  rjxidntion  to  sulphuric  acid  is  conipletc<l. 

The  sidphur  coujjxiuntls  in  the  air  varv  with 
the  stfti<«  of  the  atmosphere,  «>  that  on  a  llNreesy 
liriuht  <lay,  even  in  thf  fuart  of  ri<nidon.  ItKl 
cub.  ft.  ut  air  may  coulain  only  O  Ulo  grs.,  wluLt 


durin;^'  a  dcnsi-  f<iir  thej'  may  rise  to  0  24  grs., 
and  it  is  clear  that  m  the  smoke  helps  the  forma- 
tion of  the  fog.  and  this  in  tam  preveDta 

difTu'sinn  and  reniovi\l  of  the  impurities  in  the 
air,  the  prevention  oi  nmokc  &UuuId  go  far 
towards  purification  of  the  towi\  atmosphere. 

Deleterious  as  is  the  effect  of  sulphuric  acid 
in  the  air  and  rain  upon  the  growth  of  vegeta- 
tion, it  is  found  that  the  soot  in  town  air  is  even 
more  so.  as  the  small  masses  of  spong}*  carbon 
tlttt  are  called  *  blacks*  have  tbe  power  of 
nbsorliinp  antl  cnnrcntrating  sulphuric  acid,  so 
that  liiey  may  contain  4-8  p.c.  of  it,  and  \*heu 
the  growing  jilanl  gets  coat<«d  with  a  tarry  film 
rich  in  '  blacks,'  not  only  are  the  functions  of  the 
iiores  of  the  plant  deranged,  but  the  acid  is 
brought  in  a  conccatratod  form  in  oootMt  with 
the  leaf  surface. 

Stnoke  once  formed  finds  its  way  from  the 
chimney  into  the  at  iiios|ihi>re,  and  is  rapidly 
diffusetl  through  th>'  air  by  means  of  currents, 
and  it  is  manifest  that  if  there  were  no  mmia 
of  removini;  it,  the  air  wt.uld  soon  become 
perfectly  opaque  from  its  accumulation  in 
largo  quantities.  When,  however,  rain  falla 
it  rapidly  waahes  the  air  free  from  suspended 
solid  and  liquid  imparities  which  constitute  the 
visiblr  portion  of  smoke.  Snow  is  o\cn  more 
eflicacious  than  rain  in  this  resin-ct  ;  where  the 
snow  has  fallen  on  tin-  ula--'  roof  of  a  green- 
house  it  will  }h>  noticed  that  when  it  mells  it 
leavea  behind  a  black  deposit,  consisting  of  the 
solid  matter  which  it  has  collected  during  it» 
passage  through  the  air.  An  analysis  of  a 
deposit  of  this  ohamcler  foriiwd  on  the  glaaa 
roofs  of  some  (jrcliid  houses  at  Clielsea  serves  to 
show  the  nature  of  these  solid  impurities — 

Carbon  ....    39  00  p.c. 

Hydrocarbons       .  .    12-30  ,. 

Orgamo  bases       »  1*20 
Sulphuric  acid'      .       .       .     4*33  „ 

Ammonia  ....  1*37  „ 
Metallic  iron  un<l  magnetic  oxide  2*H3  .. 
Other  mineral  matter,  chiefly 

silica  and  ferric  oxide  .        .    31*24  ,» 
\V  atcr  not  determintxl. 

In  cases  where  long  drought  prevents  the 
rapid  clearance  of  the  air  by  this  means,  tho 
heavier  of  the  solid  particles' settle  bv  gravity, 
whilst  the  particles  of  oarboir  and  oarbonaoeoua 

oi;:an!c  matti-r  arc  s]o\\ly  oxidised  In-  the  oxygen 
and  ozone  into  carbon  dioxi<le,  in  which  form 
vegetation  removes  them  from  the  air. 

The  solid  paKicles  suspended  in  air  are, 
however.  \>\  no  means  confined  to  the  products 
of  our  improper  use  of  bituminous  fuel,  and 
mineral  matter  from  the  dust  of  road«-avs, 
and  organic  matter  from  animal  and  vegetable 
life.  pFay  their  part  in  rendering  town  air 
deleterious  to  health,  but  it  is  the  smoke  '  dirt  * 
that  is  the  most  injurious  footer. 

The  smoke  from  our  grates  i«  naturally 
dischargetl  at  a  lower  level  than  that  from 
fiwtoty  shafts,  with  the  result  that  it  probably 
has  a  greater  effect  on  our  general  health  and 
btiildings  than  the  higher  layers  of  smoke, 
wlinli  travel  for  mil-  with  tlir  wind,  and 
which  act  more  b\-  darkeaing  the  sky  and 
cutting  off  the  min'.s  ray^.  It  is  also  dear  that 
the  low-levi  1  niulv<  will  not  rxtfnd  pr,  fnr 
{  from  the  jwinl  at  «  hich  it  is  formeil,  as  contatt 


kjui^ijd  by  Google 


SMOKE  Am  SMOKB  PREVENTION. 


716 


vnth  buildbiga  ind  vcgetAUon  impidly  robs  it  of  | 
the  tar  vapours,  %\ith  the  result  tnat  in  a  BUtol^ 
town  like  I^pccIh  it  has  been  shoun  that  at  1 
mill-  uwiiy  t\w  solid  iin]niri1ic.s  hiwc  fallen  tO 
one-half,  and  at  2|  miles  to  one-sixth.  i 
InjuriouB  as  mn  the  diieet  effeeta  of  smoke  | 
on  health  ami  pnipt^ty,  thrv  nre  Hmnll  ns  f<»m- 
parcd  Mith  those  brought  aU>uL  by  den»e  fog. 
wluidl  may  to  a  great  extent  be  attributed  to 
ftmokf*.  partly  by  helping  it«  formation  and 
partly  by  rtlarding  its  dispersion.  i 

Fog,  whether  it  Ix?  in  the  form  of  white  mist 
which  is  found  in  the  country,  or  the  yellow  i 
▼ariety  which  we  know  so  well  in  towns,  is 
fornu'd  by  the  condensation  of  water  vaixiur 
from  the  air,  and  this  is  brou<rhi  ii!«>ut  by  any 
oanse  which  rajpidly  cools  a  lar^c  volume  of 
moist  air.  If,  inst««d  of  the  surface  of  the 
ground  ami  the  objects  on  it  only  bein^  cooled, 
the  air  for  a  considerable  height  above  it  is  also 
loweied  in  tempeiatnre»  then  the  moistnie  which 
is  depostteid  from  it,  instead  of  forming  dew,  oon- 
(IcnscH  in  the  air.  forming  minute  vesicles  that 
remain  suspended  and  float  in  the  air,  con- 
stituting fog  or  mist.  In  (mix-  air  the  mist  so 
formed  eonsists  of  little  else  than  these  minute 
bubbles  of  water,  and  has  no  irritating  effect  on 
the  eyes  or  lun^  In  a  large  town  like  Lee<ls, 
however,  the  air  is  charged  with  an  enormous 
nnmber  of  minute  particles,  the  heaviest  of 
whieh  settle  on  a  horiEontat  or  i  i^lifned  surface 
in  the  form  of  dust,  whilst  the  lighter  particles 
continue  floating  in  ^e  air.  These  particles 
oonsi.st  of  a  heterogeneous  eolle<'tion  of  all  kinds 
of  matter,  amongst  which  '  smoiie  '  partitlus 
bulk  largely,  constituting  more  than  one-half. 
All  these  floatmg  solids  cool  with  meat  sapidity 
on  account  of  the  smallness  of  tndr  irice,  and 
in  HO  (loiny  cavise  the  rapidly-ciKjlin^r  air  to 
deposit  moisture  upon  them,  and  so  aid  in  the 
formatkm  of  the  town  fog,  whloh -appears  long 
before  tho  country  mist. 

The  air  oi  toMH.s  whtiTo  much  coal  is  used 
also  contains  the  volatile  tarrv  matter  distilled 
off  during  the  imperfect  combustion,  and  tliis 
condensing  with  the  moisture  coats  it  on  the 
outside  with  a  thin  film,  whieh  does  much  to 
prolong  the  existence  of  the  fog,  as  when  the 
temperattire  of  the  air  again  liaee,  the  dean  nusfc 
once  more  evapornte.s  into  the  atmosphere,  but 
the  tar-eoatitl  yellow  fog  has  its  |)Ower  of 
evaporation  retarded  to  an  enormous  extent. 
Experiments  made  by  Sir  £.  Frankland  show 
that  the  evaporation  of  water  in  dry  air  is 
reduced  nearly  80  }).c.  by  blowing  some  smoke 
from  burning  coal  on  to  its  surface. 

Many  estimates  of  the  relative  amount  of 
pollution  <hie  to  manufactories  and  to  the 
domestic  grate  have  been  made,  but  as  the 
question  of  what  is  the  ratio  of  smoke  production 
fnim  the  various  sources  varies  enormously 
with  the  locality,  no  very  »ati.'<factory  conclusion 
has  been  arrive<l  at. 

With  regard  to  London,  l>r.  thaw's  estimate 
tliat  70  p.c.  of  the  smoke  ia  due  to  the  domestic  fire 

Woidrl  probably  he  about  <  rirreet,  but  in  Shefbi-lrl 

ax  Birminkdifim  the  hj^uren  \voul<l  most  likeiy 
be  reversed.  Domestic  Hnioke  in  prwiuced 
throughout  the  whole  length  and  breadth  of  the 
land,  whenas  the  factory  ehinmey  in  to  Ix* 
found  mainly  in  the  more  limited  area  of  the 
manufacturing  districts. 


Although  it  is  difficult  to  gain  any  idea  of 
the  ratio  of  blame  to  bo  given  to  the  two 
Ifreatest  sources  of  smoke-production  at  any  one 
spot,  it  is  easy  to  obtain  an  insight  as  to  the 
relative  total  auiotmt  of  smoice  so  produced 
from  the  usee  to  whieh  our  ooal  is  put,  and  the 
Iloyal  Commission  on  ('mil  Supplies-  nrrivefl  at 
the  conclusion  that  of  the  lt>7  million  tons  of 
coal  burnt  in  this  country  m  1903,  36  millions 
were  used  for  domestic;  heating,  whilst,  after 
deducting  the  coal  unod  for  gas  making,  it  atouUI 
probably  be  nearer  the  truth  to  say  that  the 
flomesti'c  use  ol  bituminous  coal  is  respoosibie 
for  one  quarter  of  the  smoke  polhitton  of  the 
counfr\,  till-  respon.-jibilif y  for  the  remainder 
Innng  split  up  amungiit  llic  various  manufactures 
and  railways. 

Practically  all  the  advances  of  late  years 
have  been  in  fuel  coiieumption  on  t  he  large  scale, 
and    the    improvements    brought   about  by 

j  stoldnff  machinery-  and  attention  to  air  supply 

I  have  been  great!  whilst  some  of  the  laigest 
manufacturci>   have   demonstrated   not  only 

,  the  ease  of  obtaining  smokeless  factory  shafts, 
but  also  the  economy  that  accompanies  them. 

The  methods  that  could  be  adopted  for 
reducing  the  production  of  smoke  from  domestic 

I  sources  are : — 

1.  The  use  of  bitummons  fuel  in  special 

grates ; 

2.  The  use  of  solid  smokeless  fuel ; 

3.  The  use  of  jtaseou-s  furl  ; 

4.  The  combined  use  of  gas  and  euke  ; 

6.  Ostttial  heating  by  steam,  water»  or  hot 

air. 

In  considering  the  claims  of  these  various 
methods  we  fBust  remember  that  the  English 

oi)en  fire  is  undoubt<<lly  the  most  comfortable 
I  and  ^^-astcful  meth<»<l  of  heating  that  ooultl  be 
I  adopted ;    but  although  by  far  the  largest 
proportion  of  the  hr-n*  ■  seajH  s  up  the  chimney, 
we  must  clearly  bear  iu  nnnd  that  this  very 
'  factor  makes  it  a  most  important  engine  of 
ventilation.    Moreover,  it  heats  the  xoom  m  the 
.  only  hcAlthy  way.  that  i.s,  the  radiuit  heat  from 
it  docs  not  directly  raise  iJie  1em))erature  of  the 
air,  but  is  radiated  to  the  floor,  walls,  and 
furniture  in  the  room,  which  again  part  with 
their  heat  slowly  to  the  air  in  contact  ^nth  them 
and  to  the  inhabitants,  so  that  the  walls  and  other 
solid  matters  in  theroomanatahig^tempeKa* 
ture  than  the  air. 

Apart  from  its  being  more  healthy  to  breath© 
ctH)l  than  hot  air.  there  is  another  imiKirtant 
I  point  to  consider.   The  normal  temperature  of 
1  the  body  is  WF.,  or  36-8'*0.,  and  thte  tempom- 
ture  is   maitit.'uiM-d   liv  tin-  slow  contbustion 
processes  going  on  in  the  butly.    By  the  laws  of 
j  radiation  a  heated  surface  parts  with  its  heat  more 
or  less  rapitlly  accoptling  to  the  temperature  of 
the  surrounding  iKKlies,  ko  that  if  a  })<*rson  bo 
.sitting  in  a  rtxmi  filletl  with  warm  air,  but  in  ar 
a  wall  colder  than  the  air,  his  body  will  rapidly 
part  with  heat  by  radiation  to  the  walL  and  a 
Hcn.sat  ion  of  (•hill  is  the  ref-ult  ;  but  \v  it  li  thr  open 
tire  thus  is  never  the  ea-c  .  as  thi   radiant  ht-at 
from  the  flr«'  hei>t-  the  w.tlls  of  the  room  to  a 
temi)eniture  higher  than  that  of  the  air.  Bnt 
when  a  room  is  he«te<l  by  means  of  hot -water 
pi]>»*s  or  warnml  air,  the  walls  not  being  heated 
1  in  the  same  proportion*  although  the  air  may  feel 
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warm,  thu  uftll.s  will  rfmain  cole],  ti  that  the 
heat  of  the  Ixjdy  wuuld  paaw  by  radmtion  to 
the  wallfl  and  give  rise  to  a  chill. 

Ift  therefore,  we  can  zetain  the  chief 
ohuaoteristie  of  the  open  fire— heating  by 
radiiition — and  clhninaK;  the  smoke  production 
and  excessive  waste  of  heat  up  the  chinmey, 
w»  shoold  have  the  ideal  oonditioiu  for  house' 
warming. 

Great  iraprovciuentH  have  been  made  in  the 
domestic  grate  during  the  last  10  years,  both 
from  the  artistic  and  economic  point  of  view. 
Whilst  with  tlio  oliier  forms  it  was  not  un- 
usual to  lind  a  coal  oonsumptiou  <>f  7-8  lbs.  of 
coal  per  hour,  this  quantity  has  beea  reduced 
in  tlw  more  modnn  fotma  to  about  one-half. 
This  in  itself  has  Iwcn  an  important  step  in 
srauke  redvK-tiuii  ;  but  grates  have  long  lives, 
and  the  capital  outlay  of  putting  in  new  ones 
resulte  in  the  modem  fornu  being  found  chiefly 
in  new  houses.  There  have  been  many  attemjrts 
made  to  construct  grates  for  the  smolcdcss  con* 
aumptiou  of  ooal,  but  it  is  found  in  practice 
that  when  onoe  the  heavy  carbonaoeoua  amoke 
it  produced,  it  is  very  difficult  to  again  l.uni  the 
carbon  particles  completely,  and  the  dilution 
caused  by  the  laige  volumes  of  nitrogen  present 
pre  vents't  heir  easy  oombination  with  the  oxygon 
of  the  air. 

Stoves  have  been  oonstnir  Ud  in  which  the 
coal  should  he  supplied  to  the  bottom  of  the  lire 
so  ma  to  keep  the  top  bright  and  clear,  all  the 

smoke  havinj:  to  pa^s  (hroU;:h  the  clear  fire 
above,  where  it  is  c'ecomposed.  iSuch  grates 
are  by  no  means  novel,  as  one  of  the  best  was 
the  '  Arnott,*  and  must  be  over  60  years  old  ; 
but  for  rtome  reason  they  have  never  been  popular 
with  stove  manufacturers,  with  (he  result  that 
they  have  never  reached  the  puhhc,  otherwise 
they  are  efRotent  and  eeonomioal. 

The  great  factor  in  inaking  s{)ecial  forms  of 
^[rate  an  inefficient  solution  of  the  smoke  problem 
18  that  it  involves  large  capital  outlay  on  the 
part  of  the  con'-nuncT,  and  it  is  for  thi';  reapon 
that  tlic  Uhc  of  bolid  amokl-k^>^i  iuei,  which  can 
be  used  in  all  existing  grates,  appears  the  most 
likely  solution  of  this  important  question. 

Smokelem  fuels  may  lx>  classified  as — 

1.  Coal  which  has  liccn  carlwjiiiscil  jit  a  ]iii:li 

temperature  so  as  to  drive  out  practically  all 
the  volatile  matter,  and  this  class  is  represented 

by  gas  coke  and  Coalexhl. 

2.  Coal  which  has  been  ])ar1iaily  carbonised 
so  as  to  distal  out  tlie  snu  k.  -forming  consti- 
tuents, but  to  leave  enough  volatile  matter  to 
give  a  non-luminous  flame  and  easy  ignition,  as 
seen  in  CV»alite  and  Carlxj. 

3.  ^ou-bituminoua  coal,  such  as  anthracite. 
The  waste  of  heat  due  to  the  actions  takinf^ 

plaee  when  eoal  is  used  li>is  already  hern  fidly 
dealt  with,  but  if,  instead  ui  u^mLr  bitunnnuu^ 
eoal  and  |x)lluting  the  atmosphere  with  the 
J)njduct8  of  its  incoraplet*;  eumbuMtion,  the  gas- 
workM  be  allowed  to  conduct  the  first  and  most 
wasteful  part  of  th<  process  and  to  carbonLse 
tho  coal  in  the  manufacture  of  illuminating  ga«» 
ammoninm  sulphate  and  tar,  and  the  coke  be 
burnt  in  the  grafe.  it  is  foutid  at  once  that 
we  save  the  2sr,O^7(iOH-12OO=4810  B.Th.Us. 
used  in  the  formation  of  smoko,  which  then 
become  available  for  the  p\iri>ose  t»f  radiating 
into   and   ^I'arratng   the   rocmi,   so    that  the 


amount  of  heat  is  more  than  doubled,  whilst 
the  only  loss  to  be  placed  against  it  is  the  190 
6.Th.U.  which  imdiation  horn  the  flame  g^ve 
when  eoal  was  used. 

Coke  has  never  found  favour  ^th  the  upper 

and  middle  classes  as  a  domestic  fuel,  probably 
because  it  is  somewhat  difficult  to  ignite  and 
does  not  bum  freely.  Its  chief  market  has  been 
for  h  rti^iihnral  work,  and  for  ^tcam-raisinp  and 
other  nianul  aoturing  purixjses,  very  little  finding 
its  way  into  the  householder's  grate.  Tho  result 
is  that,  had  not  oarburetted  u-atcr-gas  offered  a 
convenient  and  economical  moans  of  using  it  in 
gasworks,  iiian\  comjianics  wouid  have  found 
groat  difficulty  in  keeping  up  the  price  during 
the  years  that  eoal  was  cheap. 

It  has  been  shown  that  in  an  o|x^n  grate 
coni^uming  bitumaiouii  cual  the  heat  iutit  in  the 
volatihsaiion  and  decomposition  of  the  hydro* 
carbons,  i.e.  in  tho  production  of  smoke,  is  con- 
siderable, but  that  if  coke  is  usp«1  this  heat 
remains  iri  tln'  residue  and  is  radiated  into  the 
room,  so  that  a  much  hotter  fire  results,  and  with 
a  good  ehlnmey  drai^rht  ooke  sivee  a  bright 
fire  whirh  has  more  than  double  the  heafiii|£{ 
effect  on  the  room  that  can  be  obtained  from 
an  ordinary  eoal  fire. 

If,  however,  the  draught  is  sufficient  only  to 
buru  coal  with  its  more  easy  ignition  and  mure 
rapid  burning,  the  coke  gives  a  dull  and  un- 
satisfactory fire  with  a  tmdenoy  for  traces  of 
the  produeta  of  oomfaustion  to  escape  the  feeble 
.auction  of  the  chimney  aii<l  pass  into  the  room, 
due  to  there  being  little  or  no  flame  to  start 
the  chimney  draught. 

Since  the  almost  universal  adoption  of  the 
incandescent  gas  mantle  Ingh  candle-power  gas 
has  become  unnecessary,  and  in  gas  manu«' 
factore  the  greatest  yiel<l  of  gas  from  the  coal 
has  been  obtained  by  using  very  high  tempen- 
tures  in  tho  earboiu'-af  ion.  This,  by  driving  out 
all  the  volatile  matter  from  the  coke,  has  made 
it  still  denser  and  less  easy  of  ignition. 

This  phase  of  {jns  rnannfarture  is,  howrvcr. 
passing  away,  and  the  most  mo<iern  tucthudd  uf 
procedure  and  the  use  of  vertical  retorts,  chamber 
carbonisation,  and  heavy  chanMS  are  all  teadii^ 
to  yield  a  form  of  coke  more  nttod  for  donatio 
eousuni|jt ion,  and  as  a  \ery  little  attention  to 
the  form  of  stove  and  chimney  draught  would 
bum  it  in  a  satisfactory  way.  every  attempt 
shotlld  be  made  to  popularise  its  ii<e,  as  it  givsa 
at  once  a  smokeless  and  eeonuiuicai  fuel. 

Ooalexld  is  a  Bmokele«<  fuel,  made  by  mixing 
a  very  small  proportion  of  alkaline  nitrates  with 
the  coal  before  carbonisation,  and  these  deeom- 
jiosing,  give  small  traces  of  oxy:.'cn  and  cicato 
small  areas  of  very  hi^h  temix-rature  in  tho 
body  of  the  coal,  so  giving  a  slight  increase  in 
thi-  yield  of  gas;  but  a«i  \\ill  Ije  seen  fpim  the 
analysis  of  the  coke  formed,  it  contains  a  trace 
less  volatile  matter  than  the  ordinary  coke  from 
the  same  coal,  and  as  it  is  u{>on  this  that  ease  of 
iirnition  and  freedom  in  burning  depend,  it  is 
(Unieult  to  see  how  it  can  be  a  better  fuel  than 
good  ooke. 

*  Charco '  is  another  coke  fuel,  made  by 

cooling  the  boi  (okc  as  it  is  dra^\•n  from  the 
retort  by  smuihenng  the  combustion  with  a 
layer  of  coke  breeze,  instead  of  quenching  it  by 
water  in  the  usual  way. 

The  following  analyses  give  the  comiHjsitiou 
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of  ooke,  ooakidd,  and  diicoo  made  bom  the  I 

same  OMI—  Coke  Cool-  Cbarco  ' 

exld 

Moisture  (after  air  dryinj:)   .    1*83   1*08  Q'SS 

Proximato  analysis  (on  dry  j 
sample)— 

Volatile  matter       .       .    4-37   313  2-66 

Agh              .       .       .5  08  5-80  5*43 

Sulphur               .      .   0*48  0'43  O'M 

CaloniiQ  vaiu<^— 

On  diy  coke,  eatoriei       .   7785  7661  7615 

Calculated  on  combust  iMe.    8256  8131  8058 

The  aeooad  olaas  of  smokeless  fuel,  and  the 
one  vfaiob  many  aeientillo  men  look  upon  as 

the  most  promising  eolution  to  the  smoki* 
pFoUein,  owee  ite  inception  to  Colonel  Scott- 
HonorieflF,  who  in  1880  suggested  the  use  of  half- 
ookcd  coal  as  a  fuel  f*upj>ly,  and  tried  to  make 
a  commercial  artick-  by  carbonising  coal  at  the 
ordinary  ga»-retort  temperature,  drawing  the 
ohaige  when  hall  the  usual  volume  of  gaa  had 
been  distilled  from  it.  Two  faeton,  however, 
L •^l  to  fiiilun-.  thf  one  being  that  the  timi'  vms 
not  ripe,  and  thi"  s«rcond  that  the  means  by 
which  ho  |)roj)<)Sfd  to  carry  out  hifl  entirely 
admiralili'  idea,  being  dependent  upon  the 
ordinary  gasworks  practice,  had  to  be  carried 
oat  under  euch  conditions  as  led  to  a  want  of 
uniformity  in  tho  fuel  and  to  oertain  diffieoltioe 
whk)h  those  who  tried  to  make  it  failed  to  over- 
00  me. 

The  idea,  however,  of  a  semi-car lx  >nised  eokc. 
which  shoold  etill  contain  enough  volatile 
nintter  to  pivc  rasy  ignition  and  a  cheerful 
&iiuo  vvuUoiit  any  smoke,  was  independently 
revived  in  VMM  under  the  name  df  '  Coalite.' 

Coalite  differed  from  the  fuel  proposed  by 
Colonel  Scott-Monorieff  in  that,  instead  of 
ghorteniny  the  [Hriod  of  carbonisation  at  a  high 
temperature,  the  temperature  was  nxiuced  to 
ono^fialf  the  oidinary,  and  was  continued  in 
suitable  retorts  until  a  imiform  coke,  containing 
12-15  p.c.  of  volatile  matter  was  formed. 

The  ooalite  proeB—  had  tho  great  advantages 
over  tho  older  process  that  the  fuel  waa  of 
greater  uniformity,  and  that  the  yield  of  tar 
wAn  doubled  instead  of  Ix'ing  decreased,  and 
yras  greatly  enhanced  in  value 

Otalite  oreated  so  much  interest  that,  as 
was  only  natural,  the  MoncrirflF  process  was 
n*vi\ed,  and  tho  product  is  well  known  uiidur 
the  II. 1  me  of  *  Ouuo* 

The  use  of  a  non>bitttminottS  coal  like 
anthracite  would  result  in  smokcl«w  and  very 
hot  combustion,  but  here  ai;aiii  the  ol>j"(tiun 
is  that  stovee  with  a  apecial  draught  would  have 
to  be  nsed.  and  the  initial  cost  would  prevent  it« 
over  Ix'int;  adopted;  Ix'sides  whirh.  any  ijreat 
demand  tor  this  kuui  <)l  fuel  would  at  otice  »eud 
up  th<  price  of  the  fuel  to  a  prohibitive  figure. 

If  the  consumer  can  be  induced  to  take  the 
trouble,  a  very  goo<l  i!(emi-Hmokele8.s  fuel  can 
be  ma<lo  by  using  a  mixture  of  two-tlunls  coke 
to  oae*third  coal,  and  instead  of  piling  up  tho  . 
grate  with  cold  fuel  when  the  fire  mims  low,  to  ; 
add  the  frr?h  fuel  fr>  <|ii'  tit  ly  in  siniill  (piantif  ie.s, 
so  as  to  prevent  the  d»  iwlenuig  of  the  top  heat  ; 
of  tho  lire.    But  thin  is  diminishing  not  Killing  j 
the  ovil  of  stimke  pnxluction. 

Leavdi;;  the  wmokelefw  .solid  fuol.s,  which  in 
the  future  will  play  a  great  part  in  the  cleanH- 
ing  of  town  air,  tho  next  posaibic  solution  of  the  i 


717 


inotleni  lies  in  the  use  of  gaseous  fueJi, 
and  here  at  once  there  h  ready  to  hand  tho  use 
of  coal  gas.  Gas  tires,  gas  cookers,  gas  water- 
heaters,  and  gas  engines  have  l)een  developed 
to  a  point  which  loaves  no  valid  excuse  for  over* 
looking  their  claims,  and  ever  since  Bnnsen  in 
the  early  frfties  gave  the  world  the  aim  i  yhorio 
homer,  hi  which  nun-luminous  and  umokelQSS 
oombostion  ia  obtained,  coal  gas  has  steadilv 
progressed  in  favour  for  heat  and  powr  as  wil 
a« light,  until  at  the  pre.senl  time  nearly  as  much 
f>f  it  is  use<l  for  the  one  purpose  as  for  the  other. 

Although  much  hae  been  done  by  tho  gas 
companies  in  popularbinut  S*"  stoves  by  lettme 
them  out  on  hire,  l)y  easy  payment  systems,  and 
by  looking  after  their  maintenance,  the  con- 
sumers must  ))ay  something,  and  that  is  Buflficient 
to  damp  their  ardour  as  smoke  reformers,  whilst 
gaji  ih  iilao  a  little  more  expensive  for  contimiuua 
heating  than  coal,  although  when  used  for  short 
periods^  a«  for  ficee  in  bedrooms,  ftc,  tlie  fact 
that  the  gae  is  tamed  on  when  the  fire  is  wanted, 
and  turned  off  when  it  is  done  with,  the  saving;  in 
labour  and  the  cleanline»s  bring  the  fuel  cost  to 
nearly  the  same  as  coal,  whilst  in  such  places  as 
Widnes  and  Sheffield,  where  the  price  of  ga«  has 
been  rc<luced  to  a  minimum  for  heat  and 
power,  the  gaa  engine  and  gas  fire  well  bold 
their  own. 

An  excellent  suggestion,  made  first  by  8ir 

W.  Siemens,  is  to  uceompose  })ituminous  coal 
into  coke,  tar,  and  gas  at  the  gaswork,  and  to 
re-unite  the  true  beat-produoers,  coke  and  gas, 
in  tho  fire  grato  >»ithout  tho  smokc-produeing 
tar.  All  the  initial  outlay  needed  for  this  is  to 
fit  tho  atmospherio  burner  arrangements  of  the 
gas  stove  to  any  ordinary  fire  grate,  so  arranging 
them  that  they  can  be  made  to  swing  mcK 
clear  of  the  fin'  when  they  have  done  their  work 
of  bringing  to  bright  combustion  the  gas  coke 
used  as  fuel  in  the  grate,  Willis  haa  always 
seemed  to  be  the  most  economical  method  of 
using  the  products  of  gas  manufacture,  because 
it  Av-ould  be  impossible  to  use  either  gas  or  ooke 
alone  to  entirely  supplant  the  use  of  bituminous 
coal ;  a  market  must  made  for  the  by-product 
if  |)riees  are  to  l»c  kejit  down,  and  as  it  maj'  bo 
hoped  still  further  reduced,  but  if  the  use  of 
both  gas  and  colm  could  be  inorsased,  the  gas 
manai^'er  cnuld  afTord  a  diminution  in  tbo  prico 
uf  tar  from  ovcr-pruduclion.  V.  B.  u. 

SMOKELESS  POWDER  r.  Kxi'LOSivJJS. 

SOAP.  The  term  '  soap  '  in  ita  widest  senso 
includes  aU  salts  of  fatty  acids.  In  ordinary 
languaEc,  as  also  in  commerce,  tlie  teriQ  is 
applied  almost  exclusively  to  that  mixture  of 
aUnli  salts  and  water  which  is  sold  as  so«p. 

It  is  most  convenient  to  sub-divide  the  .«nap8 
into  the  two  main  classes,  viz.  (1)  SalUf  of  the 
alkali  metals  ;  waUr-scluble  soap$.  (2)  SalU  of 
the  alkaline  earths  and  heavy  mtiaU ,'  toaleT' 
insoluiile  soaps  :  metallic  soaps. 

Ammonia  soap'^,  which  as  yet  are  of  no  groat 
commercial  importaaoe,  would  be  classed  with 
the  waterHMlnhIo  soaps. 

(1)  Salts  or  trk  Alkau  Mbtals;  Watkr- 
SoLiraiJi  Soaps. 
According  as  to  whether  tho  ba.se  used  for 
the  saturation  of  the  fatty  acids  t>e  soda  or 
potash,   we  differentiate   between  hard  soaps 
(sod*  soaps)  and  stjfi  soaj^  (potash  soaps).  Tho 
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former  may  contain  small  qujintUics  of  potash 
BCiaps  (aa  u  the  case  in  hign-clasB  shaving  ami 
other  Boape),  whUst  the  latter  may  also  contain 
Home  proportion  of  soda  (as  is  the  case  in  soft 
aoa,^  made  la  summer),  but  it  is  convenient  to 
found  the  dassifiontioo.  on  the  quantity  of  the 
pKpondcrant  baae,  aa,  indeed,  is  done  in 
practice. 

Tlic  fatty  raw  material  for  commercial  soaps 
may  be  furnished  by  any  oil  or  fat  of  vegetable 
or  animal  origin.  Thus  an  eoonnous  variety 
of  sioaps  oan  be,  an<1,  indwd,  are  prf»<-luced  on  a 
largo  scale.  But  not  every  oil  and  fat  yields  a 
Hoap  fulfilling  the  demands  made  on  it  for  house* 
hold,  toilet,  and  manufacturers'  purposes. 
Biuadly  speaking,  it  may  bo  stated  that  the 
vegetable  drying  oils  and  marine  animal  oil^  are, 
on  aocounfc  oi  their  oonsistence,  best  suited  for 
the  manofaotme  of  soft  soaps.  Also  some  of 
the  semi-drying  oils  (maizo  oil,  rape  oil)  lend 
themsclv(»  especially  for  this  purpose.  Solid 
fats  are  used  prepondetantly  for  making  hard 
soaps  ;  into  this  category  fall  also  the  non> 
drying  o'lk.  Semi-drying  oils,  a«  typified  by 
cotton  seed  oil,  may  Im!  used  as  stock  material 
in  admixture  with  other  suitable  oils  aoid  fats 
for  both  soft  and  hmrd  soaps. 

The  art  of  the  soai>-maker  coniiist^s  in  blending 
tho  raw  material  at  his  disposal  in  such  a 
manner  as  to  prodnoo  that  soap-vfaioh  n  most 
suit  al  lie  for  a  given  purpose. 

liosiu  18  largely  used  in  conjunction  %vith  fatty 
material  in  tho  mannfactum  of  both  hard  and 
soft  soaps. 

1.  Hard  Soaps— Soda  Soapv. 

The  earliest  proeuaoct;  ot"  manufacturing  hard 
soap  (described  by  Pliny)  consisted  in  boiling 
nilv  nnd  fats  with  causticiscd  wood  ashes,  the 
pot»»sium  carbonate  contained  therein  bcini; 
converted  into  caustic  potash  by  Ixiilini;  witli 
lime.  The  potash  soaps  so  obtained  were  con- 
yerted  into  soda  soaps  by  treating  the  soap 
paste  repeat eilly  with  oimnion  ?ialt. 

Later  on  the  wood  allies  were  replaced  by 
•  soda  ashes '  obtaine«l  by  burning  8cawoed<« 
('  barilla,'  *  ki  Ij) ').  The  manufacture  of  sodium 
carbonate  by  the  Leblanc-  and  the  ammonia- 
ptocesscs  almost  completely  extinguished  the 
use  of  bariUa  and  Icelp,  and  the  soap-maker  was 
thereby  enabled  to  obtain  manufactured  soda 
(soda  ash,  sodium  (  arlnmate),  which  he  causti- 
cised  himself  in  tho  same  manner  as  that 
emplojred  for  wood  ashes.  Thus  th<^  caustic 
Foda  required  for  the  sajwnifieation  of  oils  and 
trtis  waii  actually  manufactured  m  the  soap 
^^<lrks  and  is,  to  a  large  extent,  still  being  pro- 
duced by  tho  soap  mantifacturer. 

The  development  of  modern  ehemical  industry 
led  to  the  produ'  liun  of  solid  caustic  f^oda  in 
alkali  works  (commence<l  in  EnRlanil,  1 850),  so 
tliat  the  soapmaker  has  at  present  the  chotOO 
of  cither  hin  iti<?  cauntio  soda  in  the  solid  forrrrbr 
himself  miuiutaoturin>i  caustic  soda  solution 
(*  caustic  lyes')  from  sofla  ash,  hv  i  anst 
sodium  oarbonate,  and  Bubeequeutly  coaccntrat> 
ing  the  dilnte  caniftic  soda  sofaiticm  in  Taouttm 
t  \ ;HM)r:it. irs  >if  simple  or  mvltiplo  type  {fot 
illustrations,  «(C  ULVcKBUf). 

The  foUowinjj  two  processes  for  the  produc* 
ii.in  of  h  ird  i  r>(i})s  from  oils  and  fats  on  a 
mttnuiaeiuiiiig  bcale  arc  chiefly  in  use  :  (A) 


'^oap-tnahivg  hi/  Ihr  cold  procc"'',  and  (B)  S(mi)>- 
makijig  by  tiie  hot  process.  Rcoently  a  third 
process  has  been  intiodnced  on  a  limited  scale, 
\  iz.  (0)  Soap-mah'ng  hy  dovbk  inoompOiriHeg^  of 
Uinc  soaps  and  sodium  ceurbonait. 

Under  tho  head  of  '  hot  process  *  falls  also 
the  method  of  making  soap  from  fatty  acids  or 
*  soap  stock  fatty  acicls.' 

Fi»r  the  theory  umlerlyinv:  the  process  of 
soap-maldug  from  oils  and  fats,  see  Glygxrui 
and  BArowmcATiov. 

The  theory  of  soap-making  from  fattv  acids 
is  expressed  in  its  simplest  form  by  the  following 
equation,  wherein  R  deoolea  the  ladick)  of  any 

suitable  fattv  acid  - 

R  01 1 + NaH O = R  ONa -t-H,0. 
For  the  physical  properties  of  the  soaps  of 
the  several  fatty  acids,  their  solubility,  their 
behaviour  towards  water  (hydrolyms  oj  Ao<ip)f 
caustic  alkalis,  carbonate  of  the  alkalis,  glycerin, 
alcohol,  and  neutral  salts,  the  reader  must  be 
referred  to  the  article  Oit.s,  fixed,  akd  Fata 
and  to  Lswkowitsch.  Cham.  Toehn.  vol.  i.  99-114. 

(A)  Soap-Making  by  the  Cold  Frortf<9. 
The  oils  and  fats  most  suitable  for  the  manu- 
facture of  soaps  by  the  cold  process  are  those 
belonging  to  the  cocoa  init  oil  proup,  as  they 
possess  tho  property  of  being  converted  into 
soaps  on  bemg  stiired  together  with  concen- 
trated cau-itie  sfida  solutions  of  approximately 
the  sp.frr.  l-^i'.  The  ^ant  required  for  this 
manufacture  of  the  simplest  construction,  and 
merely  consists  of  an  iron  or  wooden  frame  into 
which  the  fat,  previously  brought  to  a  tempera- 
ture of  at>out  is  placed  :  the  fat  is  then 
stirred,  whilst  an  accurately  measured  quantity 
of  canstio  soda  of  sp.Kr.  1*36  is  run  in.  The 
frame  is  covered  and  aUowed  to  stand,  when  the 
mass  develops  some  heat,  sufficient  to  complete 
the  process  of  saponification  wlUlin  24 hours. 

The  simplicity  of  this  process  naturally  led 
to  the  market  being  flooded  with  '  eold  *  soaps 
prepared  by  unskilled  op<  rat<ir8,  so  that  thc,*<e 
soaps  contained  a  considerable  excess  of  caustic 
soda,  or  unsaponifod  fat,  sido  b>'  side  with  free 
caustic  ^^odii.  The  prejudice  which  has  arisen 
against  this  class  of  soap  is,  howvcr.  untotmded, 
as  it  is  not  difBctdt,  by  oarsfnl  working,  to  prO' 
\M\Tv  practically  neutral  soaps.  For  this  purpose 
the  quantity  of  caustic  soda  required  for  saponi- 
fication must  lie  ciilculaied  from  the  saponifica- 
tion value  of  the  fatty  materiaL 

These  soaps  are  not  readilv  *  salted  out  *  by 
.brine  ;  hene<-  they  can  he  used  for  washincr  with 
feea- water  {umrtm  stMtjm).  By  incorporating 
with  cocoa-nut  oil  certain  proportions  of  olive 
oil,  lanl,  tallow,  !cc.,  these  oils  and  fats  can  also 
be  saponified  in  the  cold. 

Soaps  so  prepared  naturally  contain  the 
I  whole  amount  of  glycerol  that  results  from  the 
'  8aponi6catlon  of  the  oils  and  fats.   The  theo- 
retical composition  of  a  soap  made  fmm  cirna- 
nut  oil,  having  a  saponification  value  ot,  say, 
240  by  the  cold  process  is  the  following — 

Fatty  anhydrides  .    54-50  p.c. 

Combined  sodium  oxide  is 8,0  „ 
Glycerol,  water,  a!»<l  small 
luant  itics  of  inorganic  salts 


(by  diliercncc) 
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Coll!  soap  oftnnot  Ik?  conveniently  maflo  m  workwl  up  for  the  rccovory  of  the  glycerol  eon- 
ft  practical  scale  from  iaity  acids  or  8Uiip  stock  taiued  in  it  (see  GhXCZSm).  The  cufdy  aoap 
fatiy  acids,  m  in  consequence  of  the  immediate  granules  loft  in  the  pan  are  boiled  tip  with 
combination  of  fatty  acid  with  cauBtic  soda,  i  water  ('  closed  M.  vo  aa  to  form  a  homogrneouK 
lumps  arc  formed  which  occlude  the  uncombinod  paste,  which  is  again  boiled  with  a  little  caustic 
materials.  For  this  rea.son,  fats  containing  soda  to  ensure  complete  saponification,  and 
notoUe  ainooQt*  of  iree  fatty  aGidaaieimsuit&lde  agam  aeiwiated  into  two  buren  in  the  maoner 
for  the  mamtfaotme  of  oold  loape.  |  deeeribea  above.  The  toep  »  onoe  more  treat^nl 

Castor  oil  simulates  the  fatji  1  ■  n^'ing  to  the  in  the  same  manner,  to  remove  impurii  i'  v,iii(  H 
coooa>nut  oil  group  by  being  able  to  form  '  cold  '  impair  its  oolouir ;  in  some  cases  it  is  boiled  with 
aoape.  The  nutoer  property  of  castor  oil  of  a  somewiiat  concentrated  solution  of  caustic 
imparting  translncmcv  to  soap  has  also  been  soda  {' strongtheninj:  eh«T^?'' ')  and  *  salted  out ' 
mode  use  of  in  the  manufacture  of  inferior  cold  a^ain  to  a  'curd.'  iuiaily  the  'curd'  is 
soaps,  and  complete  transparency  is  obtained  '  fitted,'  ».&  branght  into  the  oonditioii  Of 
by  the  addition  of  mgu  solutionfl  together  with  finished  aoapw 

sodfnnBififlateaohitioD.  On  the  Continent  large  '     Tlie  art  of  the  soap-malter  oonsiRts  in  so 

quantitiee  of  oheap  transjwireiit  soaps  of  this  'fitting'  the  soap  that  it  contains  ju  t  Mio 
kind  oze  nuide._  They  must  not  be  confounded   proper  amount  of  water  (which  may  be  called 

the  'water  of  oonsUtation,'  see  below),  and  is 
still  •  open  '  enough  to  allow  the  intermingled 
heavier  aqueous  solution,  as  also  the  impurities 
(which  consist  to  a  notable  extent  of  metal  [iron, 
oopperl»8alts  of  fatty  acids)  to  settle  out.  After 
the  mass  has  been  allowed  to  rest  for  a  few 
days,  there  ;  ^  nud  at  the  bottom  of  the  soap- 
pan  a  small  amount  of  alkaline  sohition  (which 
has  separated  out  on  oootinff,  see  bdow),  above 
which  rest.s  a  layer  of  darK  soap,  intermixed 
with  ,Hult  i$ulution»  containing  the  excess  of 
caustic  soda  need.  The  dark  colour  is  chieHy 
due  to  metallic  soaps.  This  layer  is  termed  in 
practice  '  nigre  *  (i.e.  black,  a  term  taken  from 
the  Marseilles  soaji-niakers).  Alxne  this  refit« 
the  bulk  of  the  finished  soap,  neat  soap.'  It 
is  covered  on  the  top  by  a  thin  layer  of  aolidifled 
soap  of  ft  spongy  nature,  cv.'In  '  to  the  occhision 
of  air  whicn.  on  rising  gradually  to  the  top  of 
the  moss  during  eettlii^  MMme  entan^ed  there 
on  cooling. 

The  excess  of  caustic  alkali  in  the  '  neat ' 
soap  should  Ix-  very  small  ;  its  amount  depends 
on  the  care  used  in  the  Inanufaotnring  ofwrations. 

The  finished  *  neat  *  eoftp,  vdiilst  still  warn, 
is  rtin  into  soap  cmtching  (mixing)  machines 
(holding  from  12  to  15  cwts.  of  soap),  wherein 
perfumes  and  colouring  matters  are  incorporated 
with  the  soap  (if  desiiwl),  an<l  thence  into  snap 
The  mawi  in  the  soap-pan  at  this  stage  eon-  frames,  in  which  the  warm  mass  is  ollowed  to 
sists  of  a  mixture  of  soda  salts  of  the  fatty  Mtid^  cool.  (In  the  south  of  Europe  the  finished  soap 
With  water,  in  which  the  glyoetol  formed  in  the  is  run  on  to  a  cemented  ^r  divided  oft  by 
oonne  of  hydrolysis  and  the  exoeas  of  oavstio  |  boards  into  miteble  compartments,  abont 
soda  are  diss<tlv(  (i.  12-1 4  ins.  high.    For  the  best  clops  of  household 

It  is  ni  e«"ssarv  to  employ  an  excess  of  caustic  soaut*  the  cemented  floor  is  covered  wnth  paper.) 
■od»  to  obtain  complete  saponification.  Expcri-  The  soap  in  th.  frames  re«Illivee  ft  lew  Oftyi 
ments  inaiic  by  the  author  with  his  assiistants  to  solidify.  The  sides  of  the  soap-frames  are 
Clapham  and  De  Greiff  have  shown  that  by  then  removed,  and  thus  a  rectangular  soap  block 
using  the  theoretically  required  quantity  of  is  left.  This  block  is  cut  at  first  into  nlabH  which 
o»iutio  soda  an  eqnililwittm  is  eetftblidied  Ate  then  divided  into  bars  and  tablets,  sod 
between  soap  and  vnsaponified  fat  so  that  the  thns  fdaced  on  the  market. 

resulting  mass  contains  such  notable  quaiitliirs  The  process  of  solidinenl  ion  of  fhi'  soap 
of  unsaponified  fat  that  the  soap  would  be  b<-iiie  a  somewhat  Icn^tliy  one,  there  liavt;  been 
unsaleable.  in  r   liioed  reoenUy  cooling  machines,  whieh. 

In  order  to  ronvert  the  snap-patfte  into  wfBl»t  new.  rnjoy.  f  sj^i  i  jally  on  the  Omtinent, 
commercial  .soiiji.  it  is  necessary  to  separate  the  a  certain  vugiie.  In  liiis  country,  however, 
soda  salts  of  the  fatty  simls  from  the  exc'  s-  -if  such  eoolina  machines  have  found  very  limited 
oanatio  soda  and  uf  watej:  by  adding  salt,  Were  by  i  use.  For  the  best  household  soepe  the  proeeas  of 
the  soda  smim  are  thrown  np.  On  allowing  to  '  cooling  in  frames  has  maintained  its  •Qpremaey* 
stand,  two  I;iyrrs  aro  obtained:  (1)  a  lower  I'un'  r. iinmncial  soda  .-oa|>s  made  by  the 
aqueous  layer,  containing  salt,  glycerol,  and  proee^^s  dcK^djcd  contain  practically  30  p.c.  of 
exoesB  of  eaustio  soda  ;  (2)  an  upper  onrdy  mass  M'ater,  and  no  more  than  63-64  p.c.  oi  fatty 
of  soap  granule^;,  retaining  about  30  3.5  p.c.  acids.  Such  a  soap  is  termcl  *  jienuinc  soap.' 
of  water.   The  lower  layer  ib  drawn  off,  and  The  theoretical  compoiiitioa  of  a  genuiuo  soap 


with  the  highHuaii  tnuBipaniit  aoapa  deecribed 
below. 

(B)  Soap-tnahtng  by  the  Hot  PfOCeU, 

In  soap-makinf?  by  hot  proccfSRC?.  either 
natural  oila  and  fat.s  or  the  fatty  acids  derived 
therefrom  are  tistMl. 

(a)  Soap-makingfrom  ualwral  oils  and  JaU  . 
isOft  emuUe  soia.  The  mooess  of  soap>making  > 
by  boiling  plycerides  with  caustic  soda  solutions 
is  used  on  the  most  extensive  scale,  and  is 
practically  the  only  process  which  yields  soaps  ' 
of  uniformly  pood  (jualily.  colour,  and  hardness,  | 
and  at  the  same  time  the  largest  amount  of  ' 
glycerol  obtainable  from  the  raw  material  by 
means  of  oompaistively  simple  operations.  i 

In  thhi  ptoeess  the  oib  «nd  fats  are  intro-  I 
duced  into  a  cylindrical  or  square  iron  vesBcl 
• — soap  kettle,  soap  '  copixT,'  soap  pan — and  . 
eiromed  up  by  means  of  s^team.  when  a  dilute  | 
caustir  snrfa  stilution  is  run  Ii:.  wliich  assists  the  i 
emulsitying  uf  the  fat  and  luducos  rapid 
hydrolysis. 

It  is  neoessarjir  to  eommenoe  with  »  dilute  i 
solution  of  oaustio  soda,  as  in  the  ease  of  oils  f 

and  ^  "'ith  the  exerplion  of  (he  oils  Ix'loncinir 
tr)  tho  cucoa-nut  oil  group  and  of  castor  oil,  a 
strong  solution  *  onts"  the  softp«paate,  mueh  as 
does  salt  solution. 
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made  tcom  neutral  dyoeddeB  having  the  meaa  the  soap  sUiok  fatty  aoida  are  intn>diioed  in 
ittoleovlar  traight  <a  about  860  (tallow,  tXtn  small  qnantitieir,  oare  being  taken  not  to  ran  in  a 


oil,        is  as  foUow!^ 

Fatty  anhydrides  .       .  61-60  p.c. 

Combined  sodium  uxido,  Na^O  .    7'18  „ 
Water,  including  small  quantities 
of  inorganic  salts  and  glycerol 
(by  difioronce)      .       .       .  31-22  „ 

100-00 


further  quantity  l>cfnro  the  carbonic  acid  lia,K 
escaped  so  far  that  frothins  over  is  prevented. 
It  foiIowB,  of  oooTM,  tikat  <£e  eoap-pan  mast  be 
of  much  greater  capacity  than  is  required  for 
the  same  amount  of  soap  made  by  the  process 
described  under  (a),  as  ample  space  roust  be 
aUowed  for  the  tendency  of  iao  effervescing 
man  to  rise  rapidly.  It  is  of  the  utmost 
necessity  to  keep  tho  mass  wrll  Ixulinp.  Some 
In  the  course  of  a  long  series  of  experiments  |  operators  even  pass  a  current  of  air  through  the 
wfaioh  the  author  carried  out  on  a  largo  scale   boiling  mass  in  order  to  faoiUtoto  tbe  escape  of 


on  many  tons  of  varied  fatty  materials,  with  the 
object  of  producing  a  commercial  soap  having 
a  hi^MT  proportion  of  fatty  acids  than  63-64 
p.c.7oo  vaa  never  able  to  obtain  a  commercial 

soap  of  the  desired  higher  peroentagc.  Henoe, 

tlif  author  adoptfd  the  view  that  this  pmjxirtion 


the  carbonic  acid.   This  oonteiTiaoo  oianol, 

however,  be  recommended. 

When  all  tlie  ourbonio  acid  has  practically 
escaped,  the  amount  of  oauatic  soda  rcquircil 
for  the  saponification  of  tho  neutral  fat  is 

introduced  ;  tlie.  boiling  is  then  continued,  and 


of  water  might  be  termed  *  Avatcr  of  constitution,'  the  soap  further  treated  in  exactly  tho  same 
inaamuoh  as  a  oommeroial  soap  having  less  |  manner  as  desoriSed  aboTe. 

Hnving  rr^ard  to  tho  exaggerated  statements 
that  are  uiaUu  by  in terestea  parties  as  to  tho 
advantages  resulting  to  the  soap-maker  by 
working  with  soap  stock  fatty  acids  instead  of 


water  cannot  bp  obtained  in  tho  soap-kettle 

The  statement  made  by  Mcrklen  that  he 
obtained  soaps  with  higher  percentage  than 
63-64  p.c.  has  been  refuted  by  the  author  as 
impossible  {sec  Lewkowitsoh,  J.  8oo.  Ghem.  Ind. 
1907,  690 ;  Jahrbueb  d.  Chem.  xvii.  41St  Lew. 
kowitsoh,  CSiem.  Techn.  iii.  259). 

(b)  BoathnuMng  from  psHty  aeidf  ('  Soap 
■ftocl-  fatty  acids).  This  prncess  of  soap-inakin;: 
was  fiTHt  suggested  by  Chevrcul,  and  hae,  indeed, 
been  in  practical  use  ever  ^ince  tho  8t«arinc 
candle  industry  was  established,  the  manufacture 
of  Boap  from  oleic  acid — the  by-product  of  the 
industry — aflfording  a  natural 


with  natural  oils  and  fats,  the  fact  should  be 
emphasised  tliat  soaps  of  the  best  qiiaUt}*  are 
obtained  only  by  boiling  glyoeridee  ydth  caustio 
soda,  as  desraibed  under  (a). 

With  rcfjard  to  tho  merits  or  demerits  of 
the  several  soap  stock  fatty  acids,  it  may  be 
added  that  tho  autoclaved  material  has  a  paler 
colour  than  the  material  obtained  by  the 
Twitcbell  process,  but  an  inferior  one  to  that 
made  by  the  ferment  process.    The  lose  of  tatty 


stearine  candJ 

outlet  for  this  by-product.  Since  fatty  acids  |  material  in  the  Twitcliell  process  is  practicallv 
are  capable  of  expelling  carbonic  acid  bom  I  nU,  in  the  autodave  proeoss  it  is  Tety  small, 

sodium  carbonatt^  when  boiled  in  aqueous  solu-  .  whilst  in  the  e<^so  of  the  ferment  process  it  is 
tion.  Roap  can  also  be  made  by  boiling  fatty 
acids  with  sodium  carbonate. 

The  initial  manufacturing  operation  is, 
therefore,  practically  tantamount  to  neutralising 
the  fatty  acidit  with  caustic  soda  or  with  sodium 


no  longer  negligible,  a  uoUblo  amount  heiag 
lost  in  the  middle  layer.  The  soaps  obfeainea 
from  material  prepared  by  the  Twit<  bell  process 
are  the  darkest.  For  this  reason  thii>  process 
cannot  be  recommendctl  f<>r  making  'genuine' 


carbonate,  as  the  case  may  be.  The  precaution  |  soaps ;  it  is  essentially  a  process  tlwt  producea 
must,  however,  be  talwn  uiat  the  a  queous  solu-  i  material  for  loW'Class  soaps.  The  most  suitable 

tion  of  eaustic  soda  or  sodiurii  carbonate  is  put  material  for  makint^  soap  stock  fatty  acids  by 
tirst  into  tho  soap-pan,  and  that/  the  oleic  acid  the  autoclave  prooetis  in  thai  which  is  almost 
is  allowed  to  run  in  slowly  whilst  tho  mass  is  |  neutral,  whilst  raw  material,  high  in  free  fatty 
kept  boQing,  so  as  to  avoid  formation  of  lumps  aoids,  is  better  adapted  for  being  worked  up  by 
of  soap.  If  sodium  carbonate  bo  used,  the  tho  Twitchell  process.  Material  rich  in  free 
boiling  must  bo  conduct^-d  with  groat  t  ireuiu.  fatty  acids,  ejjpecially  in  volatile  acids,  is  not 
apection,  so  as  to  facilitate  the  evolution  of  i  suitable  for  the  ferment  process,  which  y/eoxka 
carbonic  add  and  to  prevent  boiling  over  of  the  {  best  with  good  raw  material  (like  the  autodave 


fobbing  mass. 


procc.'Js^    However,  it  must  bo  |)ointed  out  that 


In  consequence  of  the  high  price  which  tallow  anil  other  high-mcltinu;  fata  are  unsuitable 
glycerin  baa  reached,  special  '  deglycerinistng  '  |  for  the  ferment  process,  ami  if  these  materials 


works  were  established  on  the  Continent,  and 
the  manufacture  of  soap  from  '  soap  stock  fatty 
acids '  has  gained  some  extenwion,  notably  in 
small  aoap- works  on  the  Continent,  one  of  the 
chief  advantagcij  claimed  for  this  raw  material 
being  tlie  saviiii^  of  cost  afforded   by  u-in^; 


are  required,  they  must  lie  'softened'  by  the 
admixture  of  low-melting  fats,  in  order  to 
become  accessible  to  the  action  of  the  ferment. 

None  of  tiiese  processes  has  been  able  to 
displace  the  boiling  of  neutral  glycerides ;  nor 
arc  thf'v  lihrlv  to  do  so  in  the  near  future 


sodium  carix»nato  in  place  of  caustic  soda — of  Although  one  or  tho  other,  or  all  of  the  ihrvu 

course,  as  far  as  the  proportion  of  free  fatty  processes  may  l>e  worked  on  a  small  scale,  they 

acitls  permits.  are  only  employe<l  for  dealing  with  special 

Tho  soap  stock  fatty  acids  are  prepared  by  nuiteriul  a<lapt<'d  to  the  making  of  special  soaps, 

the  sa])onilicatif  III  ]>roece8ea  mentioned  nnder  and  those  of  inferior  quality.    Many  installations 

Nos.  2,  5c.  an«l  0  in  the  article  SaJ^ONurjCATiON.  erected  for  the  production  of  soap  stock  fatty 

The  neutralisation  of  the  soap  stock  fatty  acids  have  been  laid  idle  within  the  author^ 

aciila  ii»  cfirrii  <1  i.nt   in   fbc  same  manner   is  ex(>'  ri>  lu  i  ,  after  practical  ri  >-al1s  had  demon- 

describod  above  lor  oieio  a<;id.  Tho  soda  solu-  strated  that  first-class  eoap  QoiUd  npt  bf  obtaUiwl 
tion  must  be  heated  Sagxk  in  the  soap-pan,  and  .  faom  sudk  materiaL 
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(0)  Soap-making  hy  Double  Decompa^ition  of 
LirM  Soaps  roith  Sodium  Carbonate. 

The  initial  operation  cmploye<l  for  the  saponi- 
fication of  oils  and  fats  have  been  descrilx'd 
under  SAFomiKUZtOH  (No.  1  '  Sapcmification 
by  means  of  Vine  in  the  open  Tat*)  aa  the 
modiflcation  worked  out  by  Krobitz,  The  lime 
soap  obtained  is  tranRported  to  the  soapery, 
•ad  iDtradnoed  in  small  quantities  into  a  soap- 
pao  oontaining  a  *  boiling  '  nolution  of  sodium 
carbonate.  Wnen  tho  decompo.sitioti  of  the 
lime  soap  is  nearly  complete,  a  pruall  quantity 
of  caustic  soda  solution  is  added.  The  sMp-paete 
is  next  treated  with  salt,  nntil  the  onra  is 
thrown  out.  The  contents  of  tlic  soap  pan  are 
then  allowed  to  zeBt»  when  calcium  carbonate 
settlee  out  at  the  bottom  of  the  pea  m  n  heevy 
shidffo,  whereas  soap  curd  Rcpamtcs  on  tho  f  np  ; 
a  salt  solution  containing  an  excels  of  alkali 
forms  an  intermediate  layer.  The  calcium 
carbonate  sludge  is  drawn  off,  and,  as  it  holds 
soap  entangled  (from  4  to  7  p.o.),  it  must  be 
\rashfd,  and  finally  lixiviated  with  water  in  a 
filter  press,  to  recover  the  occluded  soap.  The 
soap  left  in  the  pan  after  drnwing  off  tliB  spent 
lyf-  1^'  rr^'Milr-.'],  riT-fl  t"^nidhed  in  the  MniB  iDMuier 
as  described  above  under  (a). 

This  proces.^  i.s  an  extremely  oumhmcHne one. 
Th  n  ni a n  i  f  o Id  o  pcrations  prior  to  the  soap-making 
propter,  and  the  repeated  washings  of  the  sludgn 
necessary  to  recover  the  entangled  soap,  entail 
manipulations  which  compare  veary  vniavouiably 
with  the  simplicity  of  the  ■  hot  *  prooese  deeeribed 
under  (a). 

Several  years  ago  (when  prices  of  glycerin 
were  high)  the  prooeM  WM  adopted  by  some 
small  (V)ntinental  soap-works,  which  up  till 
then  had  run  their  six^nt  lyes  to  waste.  As  the 
caustic  limo  excrcisos  some  purifying  action  in 
the  case  of  low-class  material  (such  as  bono  fat) 
oonteining  albomiBCrfdfl  and  gluey  matter,  this 
process  may  continue  to  be  practised  with  low- 
olass  material,  under  certain  favourable  oom- 
menrfal  oonditioiii* 

DiFFKRssrr  Qualitih  of  Habd  Soaps. 

The  '  genuine '  soaps  are,  with  special 
reforwioe  to  the  process  by  which  they  arc 
nade^  termed  fa  teohirieal  parknee  'wed' 
soaps. 

Next  in  purity  to  the  genuine  soap  rank  those 
floapH  which  are  '  boiled  on  a  hjf.  '  and  arc  termed 
'  curd '  soaps.  They  are  '  fitted  '  in  such  a 
manner  that  a  aomevfaat  open-grained  nap 
'  curd  *  rests  on  a  lye,  which,  in  the  case  of  the 
best  class  of  soaps,  consist*)  of  a  ^It  solution 
oontaining  only  small  amounts  of  caustic  soap 
or  sodium  carbonate.  The  water  in  these 
'  llni.slii-d  '  soaps  contains  larger  quantities  of 
Nidt  thfiii  is  the  case  with  genuine  soaps,  and, 
therefore,  the  porccntago  of  fatty  acids  barely 
reaohee  63  p.c.  If  the  latty  taw  materiab  and 
the  lyes  arc  pure  a  sopanition  of  dark  soap 
(impurities)  between  lye  and  soap  cannot  take 
place ;  but  if  the  fetty  materials,  &o.,  are 
somewhat  impure,  n  nmall  laver  of  dark  soap 
separates  between  the  '  curd  *  and  the  lye. 
This  layer  \i  li  ft  in  the  pan  to  Ix-  dealt  with  in 
a  •nbaequent  operation.  If  the  fatty  material 
iiaed  fat  the  makmg  of  curd  soaps  is  of  somewhat 
low  quality  (kitchni  ^Tease.  Ixme  f:it,  At.)  it  is 
neoessary  to  finish  on  lyes  somewhat  strong  in 
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caustic  alkali.  The  impurities,  such  as  mctallio 
soaps,  &c.,  segregate  on  cooling  in  the  form  of 
veins  in  the  soap,  and  cause  the  solidified  soap 
to  exliibit  a  slight  *  marbling '  or  *  mottling.' 
Thciio  soap«i  are,  therefore,  knovm  as  'genuine 
mottled  '  soaps.  The  propoitioa  of  fatty  aoida 
in  the  soap  is  about  61  p.o. 

A  lower  quality  stHl  than  *  genuine  mottled  * 
Boap  is  the  tyix>  represented  oy  the  so-calletl 
'  Marseillos  soap.'  The  Maneillee  soap  contains 
bas  than  60  n.e.,  ae  a  nde  not  more  tluin  57  p.e., 
of  fatty  acids.  In  ortlcr  tn  pivo  it  sufficient 
hardness  for  handling,  it  must  i>c  '  pickled  '  in  a 
brine  solution.  In  tne  author's  opinion  a  soap 
of  this  kind  must  be  classed  as  a  *  filled  '  soap. 
The  manufacture  of  this  soap  is  pracUoally 
confmed  to  Marseilles ;  and  even  then  the 
demand  for  it  is  neatly  diminishing. 

The  repute  wnioh  this  soap  enjoyed  led  to 
the  production  of  another  kind  of  mottled  soap, 
with  which  tiie  Maraeillea  soap  must  not  be  con- 
founded, and  which,  in  the  author's  opinion^ 
mnst  Im-  looked  upon  as  an  'adulterated*  soap. 
This  imiUition  Marseilles  soap,  known  as  '  blue 
mottled  '  soap  ('  Eschweg  soap.'  '  Nantes  wiap  '), 
is  still  a  *  fitted '  soap,  inasmuch  as  its  proportion 
of  fatty  adds  is  a  deiBnite  one,  lying  between 
46  and  48  p.c.,  and  cannot  \><-  viu'i  .1  •v\  ill 
(as  is  the  case  with  the  soaps  to  bo  described 
bdow).  This  soap  is  mado  by  *  filling '  the 
genuine  f5oap-pasto  with  solutions  of  sodium 
carbonate,  sodium  f-ilicat-c,  and  (or)  salt,  which 
vary  both  in  strength  and  in  their  several  pro- 
portions aooording  to  the  nataie  and  oom|KMitioa 
of  the  fatty  law  mafariri  used.  Tins  soap 
represents  at  the  briiling  temperature  a  mixture 
of  two  soap  solutions,  so  carefulliy  balanced  by 
the  aii  of  the  soap-maltBr  tliat  they  have 
approximately  the  samp  specific  gravity  at  a 
temperature  slightly  below  the  temperature  at 
which  the  soap  nae  been  '  finished.'  Hence,  r  u 
solidification  of  the  mass,  no  separation  of  the 
components  into  two  distinct  layers  takes  place. 
What  separation  does  take  pla(e  occurs  so 
slowly  that  the  soluUon  which  is  richer  in  soap 
solidifies  and  imprisons  the  solution  which  m 
poorer  in  soap,  before  the  latter  ha.s  had  time  to 
scgr^ate  in  the  form  of  a  lower  layer.  Jlencc 
the  &dnd  *  marUe '  in  the  soap  is  obtained. 
The  marbling  is  made  move  pronounced  by  the 
addition  of  nftramarine  or  *  copperas  *  for  l)ln*». 
mottled  soap;  by  usin^  other  piiinienls,  lamp 
black  and  *  English  rod,'  grey  mottled  and 
red  mottled  soaps  respectively,  arc  produeed. 
Such  soap  n\m  rcquirp'^'  'piokliiip'  iH'fore  it  is 

Sub  on  the  market.  Tho  soap  ciiii  bo  boiled 
ireot  from  neutral  fats  in  one  operation,  ^riien, 
of  course,  the  glycerin  remains  in  tho  soap. 
But  it  is  mnre  ])rofltaWo  to  the  soap-maker  to 
remove  the  bulk  of  the  ^lyerin  by  stiyxjuifying 
the  whole  or  part  of  tho  fatty  material  in  a 
sepmte  pan,  tiros  obtaining  a  *  glyeerin  lye  ' 
and  curd  soap,  which  is  then  converted  into 
mottled  Hoap.  The  colour  of  the  finished  soap 
does  not  suffer  thereby,  whereas  soap  made 
from  '  soap  stock  fatty  acids  'frequently  becomps 
so  seriously  discoloured  that  it  is  practically 
uns;i  leable. 

The  lowest  kind  of  '  fitted '  soaps  are  those 
which  are  termed  *  semi^boiled  *  soaps.  These 

soaps  are  nothing  hut  num-  or  les.n  concentrated 
saline  solutions  of  soap,  and  can  be  mado  to 
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contain  any  desired  proportion  of  water.  Some  1  being  properly  '  fitted/  can  be  run  straightway 
kind  of  pnrificntion  is  effected  by  allowing  these  from  tno  Doiling-pen  into  the  VMaela  in  irtiicii 

tsoaps  to  drop  n  certain  amount  of  *  nigro,*   the  soap  is  sold. 

containing  a  good  deal  of  tbe  impurities  in  tho  The  method  of  nianufaot tiring  'genuine  ' 
nw  material  J  but,  as  a  rule,  thase  soaps  arc  commercial  soft  soap  for  household  purposes 
flDed  into  fntem  immedJately  aftegr  being  made,  differs,  howeTer,  essentially  ftom  that  employed 

The  manufacture  of  these  soaps  may  Y)e  0^)11-  in  the  manufacture  of  hanl  soap,  in  that  tho 
sideted  as  entirely  obiioieto,  all  the  more  so  as  <  piesenoe  of  potasaiuin  curlxjnatc  is  required  so 
tlie  glyoerin  contained  in  the  fatty  raw  material  l^aa  to  produce  a  awp  of  dear  translucent  apjx  ar- 
is  lost,  much  as  in  the  making  of  best  soft  soap  nnce  which  pOflSeMes  the  desiied  oonsisteuoe  foe 
from  glyceridcs ;  indeed,  these  soapa  may  be*  handling. 

likened  to  soft  soaps.  At  present  small  quan>  ;  Soft  soap  Msed  to  be  made  in  firc-hcatcd 
titiea  of  this  olass  of  soap  ace  still  made  in  the  1  nans ;  but  dnnng  the  last  two  decades  these 
south  of  Boiope  from  low-elasa  fatty  material,  I  naye  been  wplaoed  in  modern  works  by  pans 

rich  in  free  fattv  r,n"  Is.  This  kind  of  soap  must,  similar  to  those  u.^ied  in  the  manufacture  of  baid 
of  course,  be  oou^idcred  an  '  adultorat&d  '  soap.  ,  eoa]),  and  fitted  with  a  '  close  '  st«am  coil  in 

In  tiiJa  country  'adulterated'  soaps  are  j  addition  to  an  open  steam  coil  or  coils, 
mostly  prepared  by  the  aid  of  the  mixing  The  fatty  raw  material  which  for  the  bo«t 
(crutching)  maohines  into  which  '  neat '  soap  ,  soap  cunsi.stii  chielly  or  preponderantly  of  lin.Hced 
settled  on  a  nigro  is  run,  and  is  there  incorporateo  i  oil,  is  introduced  into  the  soap-pan  and  churned 
with  solutions  of  salt»  sodinm  oarbonatS!,  and  1  up  with  steam,  when  a  oanstio  potash  solution  of 
(or)  sodium  silicate  to  say  derixed  extent,  so  I  abont20*Tw.iaTnnin.  Whilst fhesapomfioation 


that  all  grade;*  of  soap  ranging  from  60  j).e.  of 
fatty  aows  downwards  to  even  10  p.o.  can  bo, 
and  ace,  made.  In  order  to  give  those  soaps 
sufficient  firmness  for  handling  they  are  either 
'  Stoved  *  or  '  pickled,'  as  the  case  may  be. 

fa  mitigation  of  the  practice  of  '  filling ' 
soaps  with  solutioos  of  Rodiuiu  borate,  or  of 
sodium  carbonate  or  (and)  fiilicate,  is  adduced 
the  ajjologetic  explanation  tliat,  besides  harden- 
ing the  soap,  the  added  solutions  possess  deter- 
gent properties.  The  best  that  can  be  said  for 
pnnvi^  of  thi3  class,  which  range  in  their  pro- 
portion of  fattv  acids  between  62  and  60  p.c.,  is 
that  they  migKt  be  oonsidered  as  staadmg  on 
the  borderland  between  genuine  soaps  and 
*  adulterated '  soaps.  They  should  be  openly 
described  as  '  tillea  '  soaps. 

There  can,  however,  bo  no  doubt  that 
adnheimtioa  has  ttkm  pUiee  in  the  ease  of  those 
'  filled  '  soapa  which  have  Tkcu  "  loaded  *  w\ih 
weighting  substances,  such  as  clay,  talcum  (solil 
as  '  fillers  *),  ehalk,  baiytes*  aebeetoe,  seed 
husks,  &o.,  or  with  solutions  of  magnesium 
salts.  &c.  In  the  same  category  fall  soaps 
hlle<i  with  starch.  In  the  opinion  uf  the  author 
soaps  containing  less  than  CO  p.c.  of  fatty  acids  ^ 
shflinld  be  looked  upon  as  *  adiuteFated«*  whether 
the  '  filling  '  have  detergent  properties  or  not, 
unless  the  admixture  be  declared  opoUy  ('sand 
soaps '). 

Special  kind  of  soaps  for  toilet  purposes  are 
remeUed  soaps,  nulled  soaps,  and  tran.sparent 
soaps.  For  the  manufacture  of  these  the 
reader  must  be  referred  to  Lewkowitsch,  Cbem* 
Teohn.  iii.  278. 

2.  Soft  Soap=  Potash  Soap. 
In  tbe  manufacture  of  soft  soap  the  base 
used  preponderantly  is  potassium  hydroxide, 
small  quantities  only,  if  any,  of  caustic  soda 
being  emi>l<)yed  under  certain  conditinnf. 
Thus  in  summer  it  is  tho  custom  to  saponify 
with  a  mixtuie  of  caustio  potash  and  oanstie 
soda,  according  to  tlie  de?irca  coneistenre  of  tlie 
finished  product.  Tho  manufacture  of  potash 
soap  is  much  simpler  than  that  of  hard  soaps, 
as  it  involves  practically  only  one  op<>ration, 
*  boiling  *  the  glyceridcs  with  caustic  alkali 
solutions  iti  ;i  no  'salting  out'  being 

required,    licuce  the  reeultiug  product,  after 


proceeds,  lyes  ((f  higher  strength  can  be  used. 
When  all  the  glyceridcs  have  been  converted 
into  soap,  and  ^e  latter  is  just  slig^y  alkaline, 
potassium  carbonate  solution  is  introduced. 
The  soap  will  then  contain  an  excess  of  water ; 
this  is  removed  by  turning  off  tho  open  steam 
and  heating  the  mass  with  tlie  aid  of  tlie  doee 
steam  ooiL  At  tJiesametime  the  mass  is  agitated 
by  ft  suitable  mechanical  arrangement  f-o  as  to 
promote  the  rapid  evaporation  of  tho  excels  of 
water.  By  taking  samples  and  examining  their 
appearance  and  consistence  on  a  glass  plate,  the 
operator  ib  able  to  judge  exactly  the  point  at 
which  the  soap  is  finished.'  The  mass  then 
represents  praoti<»Uy  a  mixture  of  potassium 
salts  of  fatty  acids  with  a  solution  containing  all 
the  glycerin  from  tho  fats,  a  slight  excess  of 
oaustio  potash,  and  a  certain  amoimt  of  potas- 
sinm  carbonate.  Hie  two  component  pMia  of 
this  mixture  are  so  carefully  balanced  that,  on 
cooling,  a  homogeneous  mmu  is  obtained  which 
retains  its  transparency.  If  the  MMp  is  made 
from  linseed  oil  only,  the  transparency  will  be 
retained  even  in  winter,  and  tho  soap  will  not 
'  congeal  '  ;  liut  if  the  tonp  stock  contains 
notable  amounts  of  cotton  seed  oil,  or  even 
maifl^  oil,  and  frost  sets  in,  then  the  soap  is 
liable  to  ^r  r  mr  ditU  (' blhid ').  Hence  the 
choice  of  raw  material  is  conditioned  by  the 
seasons.  If  some  tallow  is  used  in  the  stock, 
the  harder  potassium  stearate  or  palmitate,  or 
a  mixture  of  both,  crystallises  out  in  star-like 
chisttTs,  producing  what  is  known  in  com nu  roe 
as  '  figging.'  The  same  eiiect  can  also  be 
obtained  by  replacing  a  portion  of  oanstio 
potash  by  it^!  equivalent  of  cau.'itic  soda. 

In  the  soft  soaps  prepared  in  the  manner 
descrilx;d  above  all  the  glycerol  is  retained,  and, 
as  has  been  pointed  out  already,  .a  certain 
excess  of  caustic  x>otash  and  notably  of  potassium 
carbonate,  necessary  in  order  t*<  give  tho  soap 
I  the  inviting  appearance  tho  public  demands. 
I      By  opcratmg  carefully,  potash  soaps  can  be 
made  wliicli  are  devi^iid  of  free  alkali  and  potas- 
sium carbonate.    t>uch  soape  are,  however,  only 
I  manufactured  for  the  purposes  of  the  textile 
industry,  or '  liquid  '  soaps  fur  cosmetic  purposes, 
I  when  absence  of  free  alkali  or  of  carl)onate  is 
essential,  and  the  appearance  of  the  soap  is  of 
'  no  importance.   Xn  this  ease  it  is  indispensable 


Digitized  by  Google 


SOAP. 


723 


to  work  with  pure  oauatio  potMh*  as  all  impuri- 
ties, such  as  sulphate?;,  chlortdci^  and  oatboaates, 
pass  into  the  finiBheU  &oay. 

The  composition  of  a  genuine  potash  soap 
mado  fiom  fats  hannff  Um  mean  moleoular 
mJghi  800  i«,  theoratioaDy,  as  f oUovb  j-^ 

Rittv  anhydridea    .  .  38*100  p.e. 

Combined  potassium  oxide,  KjO   6'843   »»  , 
Gljoexol,  water,  and  potassium 
oavbonate  (ligr  diUdnaoe)     .  64<487  » 

100-000 

Roain  ia  used  for  clmper  kindB  of  soft  aoap, 

just  as  in  the  casn  <>f  ham  soap.  In  the  manu- 
faotoiB  of  aoft  soape  for  textile  purposes  rosin 
nrart  be  avotdad;  and  the  neBence  of  rosin 
in  such  a  soft  sonp  must  be  <K)nHidered  as 
distinctly  lowering  its  value,  or  even  a^*  con- 
atitttting  adulteration. 

Soft  aompt,  like  hard  aoaM»  axe  also  *  filkd ' 
('thinned  out')  with  aolnaona  of  potaarium 
silicate,  pcitasnium  carbonate,  potassium  chloriile, 
oarroghecn  moss  decoction,  starch,  and  putato 
flour.  The  last  two  substanoee  are  largely  used 
for  the  adultenition  of  opaque  (white)  soft 
soaps  mado  on  the  Continent,  ospeoially  the 
Geraan  *flilf«r  soap,'  in  oider  to  'mcfease  the 
yidd.' 

In  the  best  soft  soaps  all  the  glycerol  is 
retained,  and  it^s  presence  helps  to  impart  to 
the  soap  the  desired  transparency.  The  en> 
deavonr  to  recover  the  glyoecol  has  led  to  the 
production  of  soft  eoap  from  fatty  aoids  (oleic 
aoid  and  from  '  uoap  aUmk  fatty  acids  ').  The 
production  of  soft  soaps  from  these  materials 
nas  gained  gnnmd,  notably  on  the  Continent. 
But  the  same  stricture  which  have  boon  made 
above  with  regard  t«  liard  ,soap  nuide  from  .such 
matorial  may  be  repeated  also  in  this  case. 
H^-elass  soft  soaps,  such  as  are  in  demand  in 
this  country,  cannot  be  olitaincd  with  soap  .^took 
fatty  acids.  Whereas  thu  fatty  acids  obtained 
by  the  Twltohell  process  are  entirely  unsuitable 
for  soft  soap,  those  made  by  the  autoclave 
process  can  only  be  used  for  the  inferior  qualities. 
Slightly  better  than  the  aoap  stock  fatly  acids 
prepared  by  the  autoclave  process  is  the  soap 
stoek  matenal  obtained  by  tne  ferment  prooess. 
It  shonld,  however,  be  emphasised  that  such 
soaps  ura  iuicrior  to  those  made  from  glyccridcs. 
As  the  price  of  potassium  carbonate  is  almost  the 
same  as  that  of  caustic  potash,  or  slightly  higher, 
it  would  bo  imremunerative  to  neutralise  the 
free  fatty  acids  in  the  soap  stock  fatt  v  acids  with 
carbonate,  as  is  done  in  the  case  of  hard  soape 
made  from  this  material.  There  is,  therefcfe, 
no  inducement  to  n-c  potassium  carbcoate  in 
place  of  caustic  pota^ii. 

Commercial  varidits  of  scnp.  In  order  (o 
suit  various  purposes,  the  \  aricty  of  soajis  that 
are  being  made  is  cxeeedingly  great. 

By  far  the  largest  qoantities  of  hard  soap  are 
used  for  larnidry,  toilet,  and  other  household 
purjx>ses. 

Tho  most  FiiiiHljie  poaps  for  laundries  are 
either  genuine  mottled  or  '  settled  '  tallow>ro8in 
soaps.  The  be.st  class  of  toihl  .soaps  contain, 
as  a  rule,  80  p.c.  of  fatty  acid-t ;  but  it  must  be 
understood  that  there  are  all  varieties  in  com- 
meroe,  down  to  the  olu^p  transparent  toilet 


soaps,  iriiidi- contain  even  less  than  40  p.c.  of 
fatty  acids.  Frequently  medicaments,  &c,  are 
incorporated  and  thus  an  enormous  variety  of 
medicated  sonp.s  is  made. 

Special  objects  are  served  by  fioattng  9oape, 
made  by  ineorpoiatmg  air  with  soaps  wfaiM 
still  in  tlic  pasty  state  ;  dmiifirting  soaps,  con- 
taining curbolio  acid,  iurmaldehyde,  &c. ;  Mind 
Mopi,  which  are  made  chiefly  from  finely-ground 
silica  or  infusorial  earth,  by  mixing  it  with 
hard  Boap  (and  sometimes  with  soda),  so  aa  to 
allow  the  maai  to  ba  ahaped  and  handled  like  a 
soap  cake. 

l>nfing  the  last  deeade  ArtUei  aoaw,  made 

from  genuine  Foa]i,  nnd  ground  soap,  also  mado 
from  genuine  soup,  have  come  into  vogue. 
These  soaps  may  be  oooddned  as  representing 
the  iK'st  Class  oi  dry  soaps.  Usually,  however, 
under  the  name  of  dry  soap  are  understood 
those  uxuhing  powders  and  soap  potcdcrs  wliich 
are  prepaced  by  mtinding  together  hard  soaps 
with  sMUum  earbonate.  BMently  perborates, 
1ur6ulphaUn,  lie,  have  been  introduced  into 
these  soap  powders  under  the  plea  that  they  add 
a  bleaching  effeet  to  the  washing  effect. 

Textile  soaps  are  used  in  tho  textile  indus- 
tries, notably  in  the  silk,  woollen,  and  cotton 

[  industries,  and  form,  as  it  were,  a  special  group 
requinnff  brief  consideration.    In  the  silk  in- 

'  dtis^  uie  aoap  need  for  degumming  the  raw 
silk  fibre  is  mostly  made  from  olive  oil  or  (chiefly  • 
in  America)  &om  lard  oiL    in  the  woollen 
industries  aoap  ia  uaed  (a)  for  scouring  raw  wool, 

'  (6)  for  scouring  spiui  yam,  and  (c)  for  scouring 
the  woven  woollen  fabric  ;  in  the  cotton  industry 
it  serves  to  remove  'stiffenincs'  and  is  used  for 

I  washing  the  dyed  or  printed  mbcic 

I  Special  kmds  of  tezMIe  soofw  are  dry  tkamug 
HKipti  (bi'ii/.ine  soaps),  soap  emulsions,  prepared 
by  partially  neutralising  Turkey-red  oil  with 

I  oanstio  allnli  (such  soape  are  now  frequently 
mixed  with  carbon  tetrachloride  or  cldoro- 
ethylencs),  'softentruj'  (' (xitton  softener')  con- 
sisting of  a  salve-like  emulsion  made  by  incorpo- 
rating iMge  qpiantitiee  of  water  with  genuine 
soap. 

The  facility  with  which  foreign  substances 
can  bo  incorporated  with,  and  are  retained  by, 
solidified,  JetUfied,  or  liquid  soap  has  led  to  the 

production  of  an  enormous  amount  of  all  kindn 
of  *  special '  soapij,  fur  each  of  which  some 
valuable  property  (real  or  supposed)  is  claimed. 
It  is  quite  impossible  to  give  a  classification  of 
these,  and  it  must,  therefore,  be  left  to  the 
analyst   to   decide,   in   each   individual  ease, 
I  whether  a  soap  containing  foreign  substances 
must  be  considered  to  be  an  adnlterated  soap  or 
:  not.    Thn=;  a  soap  f^old  as  a  sand  soap  is  not 
'  adulterated  soap,    ^'or  would  a  boap  containing 
naphtha,  or  fetrokum,  or  tar  oils,  or  sulphur,  or 
peroxides,  or  perborates.  Sec,  fall  imdcr  this  head, 
if  sold  as  7Uiphtha  soap,  petroleum  soap,  tar  soap, 
&c.     It  should,  however,  be  pointed  out  that, 
j  as  a  rule,  these  substances  are  very  frequently 
'accompanied  by  loading;  materials  (especiaUy 

.sodium  .--ilu  ;ite  Fobitiotis). 

Valuation  and  analysis  of  soap.  In  the 
▼aluaiion  of  soap,  chemical  analysis  must  play 
ft  prominent  part,  inasmuch  as  only  then-by  is 
it  possible  to  ascertain  the  jitTcentage  of  real 
soap,  the  amount  of  other  con^llt '.i  iits,  and  the 
i  sxesenoe  of  foreign  substanoee.  Whilst  chemical 
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analysis  vill  ilui.s  l>o  resorted  to  in  the  fir.-l 
instance,  it  mui^t  uut  be  forgotten  that  a  hus>i 
of  other  HoUm,  such  as  appearaxioe,  oonnstencc, 
lathering  propi-rtics,  &c.,  play  an  important 
part  in  enabling  one  to  arrive  at  a  definite 
opinion  as  to  tho  value  of  a  soap.    Not  Lvery 


the  lieaker  will  indicate  the  prc-oncc  of  Biliotd 
or  of  '  fillings  '  insoluble  in  mineral  acids. 

The  solHilM  oaka  h  Utm  deteehcd  from  tho 
Vessel  by  moans  of  a  platinum  spatula,  lifted 
out  of  tho  liquid,  rinsed  off  with  cold  water,  and 
])latr(l  on  liltcr  paper,    Anv  t^iiiall  quantity  of 


soap  is  suitable  for  a  given  purpoee,  and  much  _  fatty  substance  adhenng  to  ike  sides  of  the  vessel 
depends,  eefem  panhug,  on  tbe  nature  of  tlie  fat  i  is  oarefnlly  scraped  os  and  added  to  Uie  cake. 


•took  wluch  hii«  lieon  tiiiployed 

In  what  follows  the  most  trualworihy 
otiemical  methods  applioaUe  to  the  examination 
and  valuation  of  commercial  soapti,  are  described. 
No  attempt  is  made  to  indicate  a  complete 
course  of  anal^'sis  embracing  the  search  for  all 


Dry  the  cake  (by  toucliin;^  li^'htly  •nith  filter 
paper),  placf  ii  on  the  waUli-k'lH---'*  umd  before, 
bottom  f-idi-  upwards,  allow  to  ilry  in  a  desicoator 
and  Weigh.  (Kor  thf  lontrol  of  works'  opera- 
tions, when  50  gnus,  should  be  used,  it  is 
sufficiently    aocuruto    to    weigh    imint  lUately 


substaDoee  that  mav  possibiy  be  pneoent,  as  j  after  drying  with  filter  paper,  taking  care  that 
auoh  a  oowse  -would  m  of  Utile  practioal  use.     I  no  moiature  remain  in  the  caritice,  if  any,  of 

bo  ' 


Groat  care  must 
aj)  in  order  to  avoid 


Sampling  of  xcxtp 
exercised  iu  sampling 

■edoua  errors  in  thu  ikt^^Tmirmtiun  of  water. 
On  expos-urn  t<i  the  air  soaji  ilrif.-s  on  the  surface  ; 
and  once  a  '  ikiu  '  is  formed  the  outer  portions 
of  a  cake  protect  to  some  extent  the  inner 
portions  fxom  loss  of  water  by  evaporation.  In 
the  ease  of  hard  soap,  the  sample  for  analysis 

shoiiM.  thrrrforr,  hv  taken  from  the  centre  of 
the  cake  by  cutting  tkwaj  all  tho  outer  purtiuusj ; 
to  what  extent  this  must  be  done  will  be 
gathered  by  in^ijK  etinp  fx  tmnKvrrsc  section,  this 
showing  to  what  deptli  drying  hajj  taken  place- 
Such  devices  as  taking  a  sample  by  means  of  a 

•iioefrom 


oork<  borer,  or  by  oattiiif  a  transverse  al 
a  oake,  in  order  to  obtam  an  *  average ' 

lend  to  crroni  ous  re>nlts.  If  (he  .sample  under 
examitmtioM  be  a  ire«hly  made  soap  (containing 
about  30  p.c.  of  water),  a  fairly  large  portion 
sh<>ulrl  1)0  weij^'hed  off  rapidly,  ns  (he  soeip  is 
apt  lo  give  up  jx-rceptible  quaulitiuii  uf  xnoi^iturf 
tu  the  dry  atmosphere  of  tho  balance  ca»c 


tbe  cake.)  Shoidd  tho  cake  contain  any  cnvitios 
(whioh  only  occurs  when  tho  fatty  matter  has 
not  been  hteated  properly)  enclosing  water,  and 
perhap'^  even  mineral  aeid.  the  fatty  matter 
should  be  rcmeltcd  in  a  buMii  over  water,  taken 
off  after  cooling,  and  dried  as  described  above. 

from  the  ««ight  thoa  foiwd  the  weight  of 
the  wax  IB  dednoted,  and  the  djlfeicnee  fetomed 
as  fatty  maikr.  If  no  closer  examination  is 
made,  it  is,  as  a  rule,  returned  as  jatiy  acid*. 
This  is,  however,  only  eoireot  if  tho  absence  of 
neutral  fat,  wax,  and  unsaponifiable  mnltcr  lins 
been  proved,  rosin  acids  being  looked  upoix  as 
so  much  fatty  acids,  unless  their  separate  deter- 
mination is  desiced.  With  xe^picd  to  tJbe  aolubile 
average '  sample,  i  fatty  aoids  in  eoap,  ef.  Levlcowitsdi,  dienu 
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If  by  iiubaequeat  examination  tbe  soap  be 
found  to  be  free  from  neutral  fat,  wa^  and 

tuisajKjnifiahle  matter,  the  fi?t\-  matter  is 
returiii-d  ud  fuUy  acidfi.  In  a  e<»uipktc  eoap 
analysis  the  fatty  acids  are  calculated  to  anhy- 


For  the  same  reason  the  sample  should  not  be  |  drides  by  multiplying  their  peromtage  onmber 


alioed  before  weighing,  except  perhaps  in  the 

ea-c  of  a  millwl  toilet  eoaj)  or  of  a  thoronirhly 
dried-out  soap.  Tho  weli-imowu  contrivanceji 
for  preventing  loss  of  moisturo  dwins  weighing 
must  be  re.sort  il  to,  if  highly*iratevea  aoape  be 

under  examinat  ion. 

(a)  Uctcrminalion  of  Fatty  Matt&r  and  of  2'olal 
Alkak 

Wei^h  off  fli  (  urat<  ly  ."-10  ^'riris.  of  the  sample 
(or  50  grms.  on  a  balance  sensitive  to  centi- 
grams) and  dis.'Jolve  in  hot  MTiter  in  a  beaker  or 
ixjrcelain  Im^In  by  heating  gently;  .'-lir  con- 
tinually wu!i  a  gla.H.i  rod  so  as  to  prevent  the 
soap  from  caking  on  to  the  bottom  of  the  vessel. 
Add  a  few  drops  of  methyl*orange  and  run  in 
gradnnliy  hydrochJorio,  or  dilute  sninhurio  aeid 
(or  dilute  nitric  acid  if  eld .  ridr-)  and  .sul}»hates 
are  to  be  dcleriuiued),  until  there  is  an  excess 
of  mineral  aoid.  Heat  with  constant  stirring, 
until  the  separated  fatty  acids  have  melted  into 
oily  dro^w  ;  add  alxjut  o  grm.<'.  (or  20  grms.  for 
GO  grms.  of  t-oap)  of  <lry  becswjix.  or  paraffin 
wax,  weighed  accurately  on  a  taml  watch-^la^s 


by  0-9678. 

The  marc  Jnih/  a<  his  a  mmgU  eonlOMM^  A< 

nufie  Mluai  soap  is  prtscrU. 

(b)  Combined  Alhdi,  Fru  Cauttic  Altaii,  and 
AaBMne  Bdtt, 

The  total  alkali  is  the  sum  of  (lie  several 
amounts  of  alkali  present  in  the  soap  as  (1) 
alkali  combined  with  fatty  (and  ronn)  acids, 
termed  conveniently  'condiincd'  alkali;  (2) 
free  ottustio  alkali ;  (3)  alkali  as  curbunaie,  or 
(and)  ailieate,  or  (and)  borate. 

In  case  of  hard  soap  the  alkali  is  calculated 
to  Xa^O,  and  in  the  case  of  soft  soap  to  K^O. 

If  a  separate  determination  of  soda  and 
potash  be  requiied,  the  soaj>  must  be  d«oompoeed 
with  hydioeUorie  add,  and  the  lotash  in  the 
arid  lii|uid  estimated  as  potaainm  platinio 
chloride. 

(1)  ComMned  alkali  is  usually  found  by 

difTcri fire,  i.e.  In-  siihtraetin^  th(»  sum  of  the 
nmuuiUs  uf  alkuh  obtained  iur  (2)  and  (3)  from 
the  total  alkali  as  determined  above.  It  can, 
liowBvor,  bo  fonnd  dnaot  by  ytratiog  the 


(which  is  used  afterwMds  for  weighing  the  fatty  '  alcoholic  solution  of  the  aoap  with  nonDal  add, 

matter),  and  heat  again  until  the  mixture  of  usiim  methvl-oranue  a.s  an 
fatty  matter  and  wax  has  collected  on  the  top 
of  the  liquid  as  a  clear  transparent  oily  layer, 
free  from  specks.  Kin«e  r,f{  the  gla^^  rod  with 
boiling  water,  heat  until  the  fa((y  malier  ha« 
ULiaiii  cuUeet«  «i  into  one  mass,  remove  the  vesi^el 
from  the  source  o(  h(>at.  aud  allow  to  solidify  by 
oooling.   A  white  preeipitato  on  the  bottom  of 


using  methj'l-oran'_'e  a.s  an  indicator  after 
neutrahty  has  been  e^tabhshed  to  phenolphtha- 
lein.  This  may  be  done  as  a  check/  or  iu  order 
to  dinprn^p  M'ith  the  determination  of  the  alkali 
j>re.<eiii  iiti  carbonate,  silicate,  and  borate  (3), 
whieh  oliviously  can  then  be  foimd  by  difiereooe. 

(2)  Frae  caustic  alkalL  A  preliminary  teat 
13  nuide  by  dropping  an  alooholio  whutaoii  of 
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plmiolphtlMlran  on  to  a  fmhly-cufc  soziMe  of 

the  soap.  Pink  colouration  indicates  tho 
presence  of  free  caustic  soda  (ako  of  cArbonato, 
silicate,  and  borate  if  tlu;  Hoap  bo  moist).  If  tho 
soap  has  dried  out,  thu  ulkaluiL-  salts  do  not  redden 
tho  phenolphthaleiu.  In  order  to  separate  free 
caustic  alkali  from  any  alkaline  aalta,  a  portion 
of  the  sample  is  diaaaolved  in  absolute  alcohol 
and  flltcaed!  The  alkaline  salts  remain  on  the 
filtpr,  HO  that  tht."  alcoholic  filtrato  may  now  be 
titratad,  using  phcnolphtiialeiu  &ti  an  indicator. 

Free  canstio  alksli  should  be  absent  tnm 
well- made  soaps,  rspccially  from  toilet  soaps. 
As  a  fn'cat  deal  of  circumspection  aud  csi>cricuce 
is  required  so  to  *  fit '  a  soap  that  it  contains 
practically  no  free  i^UWU,  moat  of  the  ordinary 
oommetoial  soap  ^ml  be  found  to  oontain  an 
excess  of  free  alkali.  If  this  be  .small,  tip  free 
caustic  soda  is  moi»tly  converted  into  carbonate 
on  eipomre  to  the  atmosphere,  so  that  in  many 
oases  no  frrc  alkali  will  l>c  f<  lai  l,  especially  if 
only  the  outer  portioius  of  a  cake  be  test^xL 

Free  caustic  alkali  in  determined  quantita- 
tively by  dissolving  10-30  grms.  of  the  sample 
in  hot-absolute  aleonol  in  a  flask,  loosely  oorlced 
in  order  to  prevent  absorption  of  moisture  from 
the  air.  Highly -watered  soaps  must  Ixj  first 
dehydrated  to  some  extent,  whilst  access  of 
carbon  dioxide  is  excluded.  The  hot  solution  is 
filtered  rapidly,  care  bein^  taken  that  no  soap- 
jelly  separatee  out  on  the  filter ;  if  the  operation 
is  osRied  oat  jadioiouslyp  a  hot>watflr  funnel 
ean  be  dispensed  with.  The  filter  la  mulied 
with  absolute  alcohol,  and  the  filtrate  received 
in  a  narrow-mouthed  flask.  Phenolfbthalein 
is  then  added,  and  the  solution  titrated  with 
decinortnal  hydrochloric  acid.  In  some  cases 
the  alcoholic  soap  solution  may  exhibit  an  acid 
reaction  to  phonolphthaleiiu  Acidity  may  bo 
due  to  the  soap  oontaining  an  acid  stearate 
(palndtste  or  okiate)  owmg  to  faulty  *  fitting  *  or 
to  fatty  acid  having  been  added  to  "  kill '  an 
exce.s.s  of  alkali.  The  amount  of  deeinormal 
alkali  required  to  neutralise  the  solntion  is  eal* 
Ottlated  to  free  fatty  acids,  in  terms  of  oleic  acid. 

(3)  Tho  precipitate  left  on  the  filter  contains 
carbonate,  sdicate,  and  borate,  with  which  other 
iasolable  substanoes,  added  as  *  fillers  '  (starch, 
talonm).  as  also  ooburing  matters,  may  be 
aflnuAn!.  (With  regard  to  the  comjilete 
ezamiuation  of  this  precipitate,  see.  below.) 
To  determine  tbe  alkali  oontahaed  in  the  alkaline 
■alts,  tho  precipitate  on  the  filter  is  washed 
with  cold  water,  and  tho  filtrate  is  titrated  with 
standardised  a<^  using  methyl -orange  as  an 
indicator.   The  acid  us^  ia  calculated  to  HUkfi. 

(c)  Determination  of  Waler. 

The  direct  determination  of  water  in  soaps 
is.  Its  ii  rule,  an  unneoessacy  operation.  In  the 
case  of  genuine  Poaps  it  suffices  for  all  practiral 
uurposcts  to  calculato  the  fatty  aoidii  to  anhy- 
drides, and  add  their  weight  to  the  amounts  of 
alkali  in  itsnraaovs  lormi.  Tbib  wata  ia  Uun 
found  by  differenoe. 

The  direct  determination  of  water  is,  there- 
fore, only  re«jortc-d  to  in  exceptional  cases.  The 
soap  is  cut  into  fine  shavings,  brought  into  a 
porcelain  diah,  and  weighed  with  a  glacis  i-od,  so 
that  the  skin  which  forms  on  drying  ami  prtncnla 
the  escape  of  water  from  tho  inner  portions  nmy 
be  oooveniently  broken  up  from  time  to  time. 


This  is  eapedally  neoesaaiy  in  tbe  ease  of 
highly-watered  soaps. 

(d)  SxaauHoHon  oj  the  FaOg  Matter  CSoap 

btock  '). 

If  no  wax  has  been  employed  in  the  separa- 
tion of  the  fatty  matter,  tho  latter  may  be  used 
direct  for  the  following  teste.  Otherwise  a  fre«h 
qoantity  of  fetty  natter  mnsfr  be  prepared; 
the  '  cuttings '  are  most  conraBisatily  used  up 

I  for  this  purpose. 

j  The  fatty  matter  may  contain  besides  fstty 
acids,  ( 1 )  rosin  acids.  (2) neutral  ftA, (9)  voaaponi* 

fiable  matter. 

(1)  Rosin  acids.  Rosin  acids  arc  detected 
I  <|^ualitatively  by  the  Liebermaon«Storoh  reac- 
I  tioD*  Their  quantitative  eeUmation  (Twitohell*s 

method)  is  based  on  the  jiroix-rty  aliphatio  acids 
',  possess,  of  l)finp  converted  into  their  cthylic 
miet  when  acted  ujKin  by  hydrochloric  acid  giia 
in  their  alcohoho  solution,  whereas  colophony 
undergoes  very  little  change  under  iho  same 
treatment.  Tbe  aiial|yBB  js  oanjed  out  as 
I  follows  :— 

I     Two  to  three  gnus,  of  tbe  ndied  fotty  and 

ro  iri  a  ids  are  weighed  off  accurately  in  a  flask, 
dissolved  in  ten  times  their  volume  of  absolute 
alcohol  (with  weakeir  aloohol  the  oonTeraion  of 
fatty  acids  into  esters  is  not  complete),  and  a 
current  of  dry  hydrochloric  acid  gas  jmssed 
through  the  solution,  the  flask  being  cooled  by 
I  immersion  in  cold  water.  The  g/M  is  rapidly 
I  absorbed  at  first,  sad  after  about  45  mins., 
when  unabsorU'd  gas  is  noticed  to  escape,  the 
.  operation   is   fini8he<l.   To   ensure  oompleto 
I  estsrification  the  flask  is  allowed  to  stand  for  an 
hour,  duriiiR  which  time  tho  ethylic  esters  nnd 
the  rosin  aeida  sejmrat*)  on  the  top  as  an  oily 
layer.   Tho  contents  of  the  flask  are  thmn  diluted 
i  with  five  times  their  volume  of  water*  and 
'  boiled  until  the  aqueous  solution  haa  become 
clear.     From  this  stagt;  the  analysis  may  be 
:  carried  out  either  (a)  volumetricaliy  or  (b) 
I  gravi  metrically. 

I  (a)  The  vdumetric  mdhod.  The  contents  of 
the  flagk  are  transferred  to  a  separating  funnel, 
and  tlu>  tla.sk  is  rinsed  out  several  times  with 
ether.  After  vigorous  shaking  Uie  acid  layer  is 
rmi  off,  and  the  remaining  ethereal  solutions, 
eontaininp  the  ethylic  estera  and  the  rosin  acids, 
washed  \iith  water  until  the  last  trace  of  hydro- 
ehlorio  acid  is  removed.  60  co.  of  alcohol  are 
then  added,  and  tho  solntion  is  titrated  wth 
standard  caustic  potash  or  soda,  using  pbenol- 

Ehthalain  as  an  indicator,  'i'hc  rosin  acids  com- 
ine  at  once  with  tho  alkali,  whereas  the  ethylio 
esters  remain  practically  unchanged.  Adoffting 
H4G  as  the  combining  equivah'nt  for  rosin,  tho 
number  of  cc  of  normal  alkali  used  multiplied 
by  0-346  will  give  the  amoont  of  rorin  adds  in 
the  sample. 

I  (b)  The  gravimetric  method.  The  contents 
I  of  the  fla«k  are  mixed  >nth  a  httle  light  petro* 
j  leum,  boilini^  below  80".  and  transferre'l  to  a 
separating  funiicl,  the  liask  Ixin^  washed  oat 
\v1th  the  same  solvent.  The  light  petroleum 
layer  should  measure  about  fiO  c.o.  After 
shaking,  the  acid  solution  is  run  ol^  sad  the 
potrolnim  layer  washed  once  with  "wuter,  and 
then  treated  in  the  fumicl  with  45  cc.  of  a 
one-fifth  normal  solution  of  KOU  and  G  cc.  of 
aloohoL  The  petroleum  solution  of  the  ethylic 
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esters  will  then  be  found  to  float  on  the  top,  '  noticed  already  in  the  determination  of  fntty 
the  jcoaiQ  acidB  hAving  been  extcmoted  by  tne  .  matter  when  deoomposinK  the  soap  by  acid 
dihite  sUcBline  sofaition  with  fermttlioii  of  rmin  i  (m«  above  under  (a)).  IS      sUioa  him  not  been 

e.stimate<l  in  the  siune  iKirlion  in  which  the 


if  .  T]\o  soap  solution  is  then  run  c>fT,  deeoiii- 
i>usL(l  with  hydrochloric  acid,  and  the  separated 
raein  acidii  are  oollccte<l  as  such,  or  prefembly 
arc  disHolvedin  ether  and  isolnled  after  f'Vi»]>i  'r;it - 
iiig  the  Holvent.  The  residue,  after  dryuiy  and 
weighing,  givea  tbe  unoimt  of  raein  adim  in  the 
aemple. 

(2)  Nentnl  fat. ;  A  ^ll.made  soap  wiU  but 

rarely  contain  unsn^xjnified  fat.  If  neutral  fatty 
Buhbtauccs  have  htMU.  added  to  the  finished 
soap,  as  in  the  case  of  *  euper*fiatted  *  soaps 

(admixed  with  olivo  oil,  &c.,  or,  in  the  case  of 
certain  toilet  soap8,  witU  wuul  wax),  they  will 


Ml  tlie  same  jK>rtion  in 
amount  of  fatty  matter  ha^  l«en  ascertained 
(pfovided  no  other  watCT*insolnl>lc  substance 
Ix^  present),  it  can  Ik-  determined  at  this  fitago 
by  acidifying  the  liltrHto  with  hydrochloric 
acid  after  the  total  alkali  present  in  it  hoa 
been  determined  by  titration,  and  evaporat- 
ing to  dryncM  in  the  osual  nuuiner.  The 
filtrate  from  the  separated  silica  may  be  testeJ 
for  boriu  acui.  li  Uirit)  acid  be  aUieut  the 
amount  of  carbonate  plus  silicate  can  be  calcu> 
lated  fi  Til  (he  alkali  found  by  titration,  the 
silica  havmg  l>een  found  direct  by  weighing. 


be  obtained  together  with  any  unsaponifiable  ■  If  boric  acid  be  present  and  the  proportion  of 
matter  prasenty  and  must  be  aepaiatea  fsom  it  1  boiate  be  xeijiiixea,  the  water>solaue  portion  ia 
sabseqaently.  I  best  divided  into  throe  parts.  In  one  portion 

The  neutral  fat  ;>7iA«  unsaponifiable  matter  13  '  the  carbon  dioxide  i.s  e-:timftted.  in  a  second 
isolated  in  a  direct  manner  from  the  sample  of  portion  the  eilica,  and  in  the  third  the  total 
map  by  dissolving  a  weighed  quantity  in  "water  !  alkali  is  determined  by  titration. 

or  alcohol,  adding  standardihied  caustic  potash  to  ,  Clilorides  and  sulphates  are  best  detennined 
neutrally  frcii  fatty  acids  (if  any)  phenolphthalein  in  aliquot  portions  of  the  ucid  liquor,  obtained 


after  separating  oS  the  fatty  matter  as  described 
I  in  (a).  It  should  be  remembered  that  in  that 
;  cose  nitric  acid  most  be  employed  for  decompos- 
ing the  soap. 
I  (2}  The  portion  insoluble  in  water  i^  ignited, 
I  BO  as  to  bom  oS  organic  substances,  and  the 
'  residue  is  weighed.    The  ash  is  examined 


bein^  the  indicator,  and  exhanstiDg  the  eoap 
aolntioa  {see  Oils,  Fixed,  and  vats;  i>efer< 
minathn  of  utuapmifiabU  matter). 

(3)  Unsaponifiable  matter.  This  is  isolated 
and  estimated  together  with  neutral  fat.  If  no 
nenteal  fat  has  been  found,  t^  total  ether 
residue  mr-  i'^fg  of  unsaponifiable  matter.  This 

is  examined  as  described  under  Examinalion  of  qualitatively  and  quantitatively  in  the  usual 
the  unaapom^fiabU  mallet  under  Oilb^  Vimmd,  and  manner. 

VATS.  (3)  Orgaale  lubstanoes.  The  microsoopical 

In  addition  to  the  substances  mentioned,  the  I  examination  of  the  total  residue  insoluble  in 
pre~sence  of  vaselino,  paraffin  oil,  oil  of  turpentine,  alcohol  may  furnish  useful  indications.  'Iliua 
tar  oils,  naphthalene,  petroleum  hydrocarbons,  >  staiob  will  be  detected ;  the  microscopical 
hydrocarbons  from  *  distflled  grease,*  tee.,  may  [  exanfoafloa  may  be  oonroborated  by  testing 
bo  til  pert-  1.  with  iodine.    If  the  quantitative  detfrmination 

Examination  of  the  fatty  acids.  The  examina-  ;  of  starch  bo  required  the  residue  on  the  tilter 
tion  of  the  fatty  acids  themselves,  after  separa-   insolnUe  in  aloohol  is  washed  iritit  cold  water 


tinr.  from  ro-in  acids,  neutnd  fat,  oxidised  acids 
(li  any),  and  unsaponifiable  matter  {aee  Or^s 
AND  fats),  with  a  view  to  determining  t  he  nature- 
of  the  '  atoolc,'  is  a  complicated  probkm,  reqoir 


to  remove  water-soluble  substances  and  dextrin, 
and  boUed  with  dilute  sulphuric  acid,  replacing 
the  water  as  it  boils  away  in  onler  to  convert 
the  starch  into  glucose.    The  liquid  is  th»n 


ing  systematic  application  of  tlte  methods  neutralised  with  barium  carbonate,  flltsred,  and 


depcrilwd  in  the  article  On.'^  and  fats, 
the  iieuding  Ksamination  of  fult^  acid^. 


under 


(c)  Hubiitances  imoiubie  in  Akohd. 

The  estimation  of  all  those  substances  which 
are  iiiM  ilulile  in  alcohol  is  conveniently  c<  imbined 
with  the  determination  of  free  caustic  alkali,  by 
oolleoting  flie  insoiable  matter  on  » taied  filter 
previously  dried  at  100^,  and  ireigliing  after 
drying  at  100°. 

Gw)d  Koaps  yield  but  &^gnifioant  amoonts 
of  residue.  Only  transparent  soap  manu- 
factured by  the  *  alcohol  process  '  will  ha  found 
absolutely  free  from  insoluble  matter. 

The  reaidue  obtained  on  the  filter  may 
consist  of :  (1)  Water'SoluUe  substanoes,  such 
.<H  chloride,  sulnhate,  carbonatL.  silicate,  or 
borate  of  the  alkalis.  (2)  Mineral  eubst^uceri 
insolubb  in  water,  viz.  colouring  matters  and 
'filling'  and  *  \veif:litin:.' '  Biib^tanoes.  (3) 
Organic?  snh''tt\nccj<,  c-i-ccially  starch,  dextrin, 
orgiditiii  I '  '  1 1 1  aL'lii'cn  niuei' i  >  . 

(1)  Water-soluble  substances.  The  residue  i 
en  the  filter  is  washed  ^th  oold  water  so  as  not ' 

to  di-Rolve  any  gelatin  that  iiriv  ]>v  jtri>(!it. 
Trcitcnce  of  silicate  (if  any)  a\1U  havtf  been 


the  amount  of  glucose  estimated  by  titration 
with  Fehling'ii  bolution  in  the  usual  manner. 
Deztrin  has  been  washed  out  by  cold  water 
simultaneously  %vith  the  soluble  salts.  The 
proportion  of  dextrin  is  estimated  by  precipita* 
tion  with  ale//h()l.  Tliis  is  done  best  in  a  small 
beaker,  taxed  with  a  gloss  rod.  The  liquid  is 
stured  vigorously,  so  that  all  tlie  daz&in  is 
mfide  to  adhere  to  the  sides  of  the  beaker.  The 
aqueous  liquid  is  then  poured  off,  the  dextrin 
washed  with  aloohol,  and  its  amount  determined 
by  wei>;liing  the  beaker  aft<T  drying  at  100". 
(ji.kdin  in  dissolved  by  washing  the  alcohol- 
insoluble  residue  with  hot  water.  The  filtrate 
should  be  tested  with  tannic  aoid  to  oorzoborate 
thejnrosenee  of  gelatin. 

For  the  determination  of  other  substances 
occumng  in  soap  such  &a  glycerol,  sugar,  carboitc 

akohol,  colouring  matters,  etheral  oils, 
see  LswkowitBch,  CSbem.  Techn*  iii.  2M-206. 

(8)  Salt  >  ■  i-   jhk  Aikai  txk   Earths  and 

Ji  ilAV  y      M  KTALS  —  W ATEE  -  IkSULUBUS 

Soaps— Hktaujo  Soaps. 

A  numbrr  of  insolubh  soaps  of  the  individual 
fatty  aoidii  have  been  described  in  the  section 
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FaUy  acids  («c  Oii.s.  Fixed,  A>"n  fats).  These 
soaiH  aie  prepared  by  double  dccompontaon  of 
the  alkali  soaps  with  aqneous  iolntions  of  salts 

of  the  alkaline  earths  or  metftls,  or  by  heating 
the  free  fatty  acids  with  the  oxides  or  carbonates 
of  the  matata. 

These  soaps  are  employed  in  the  arts  for  the 
most  varied  purposes,  extensive  use  being  made 
of  their  property  of  dissolving,  to  a  considorabk" 
«zieDt,  iu  petroleum  ether,  naphtha,  heavier 
petroleam  hydrooarbons,  ooaUtar  oils  (oarbolic 
nr  i  1),  oil  of  turpentine,  and  fatty  oils.  Their 
i<oiubility  is  increased  by  the  presence  of  free 
fatty  acids. 

T]i«'  rnr^t  important  soaps  arc — 

Lead  soaps  (lead  jilastcr)  consisting  chiefly 

of 

MtffiMhim  oieats,  used  in  the  prooeas  of  dry- 
ofaanhiff  to  prevent  spontsaeons  ignition. 
AlllIDlnium  soaps  enter  into  many  con)]  i  itiona 
for  waterproofing  textiio  goods  and  paperis.  (or 
prenaflug  sulj.stitutes  for  leather^  ceUntow,  India* 
rubber  subbtitutes  for  insulating  purposes,  &c. 
Aluminium  olcatc  is  used  especially  as  an  'oil 
thickener.'  Lead  and  manganese  soaps  are  used 
as  '  diieis '  in  the  manufaotme  of  boiled 
oils  and  vainiBhes.  Ztaw,  liOD,  nleksl,  eotelt, 
and  chromium  soaps  nrc  employc<l  \n  the  manu> 
facture  of  coloured  varnishes,  as  also  for  water* 
proofing  leather  and  oanvas,  and  to  some  extent 
as  '  driers,'  Copper  and  mercury  soaps  serve  in 
tho  production  of  auti-luuiuig  pruparatioos, 
especially  in  the  maanfaotoitt  of  paints  for  ship 
bottodiB. 

In  thb  elan  of  soaps  nniel  be  also  iaelnded 
the  mclolltiB.rofMMrfMr,  ehisfly  naed  as  'diiMa* 

{q.V.). 

In  the  aaaqrtioal  examination  the  water- 

insobiblc  soaps  are  decomposed  hy  means  of  a 
suitable  mineral  acid  (hydrocidonc,  nitric, 
sal|^unc)»  when  tho  fatty  acids  are  obtained  as 
an  oily  layer ;  or,  if  the  salts  be  decomposed 
nnder  etiter  (which  in  many  cases  is  the  most 
111  .  i  :i1  k'  eoursc),  in  ethereal  solution,  and  the 
luc'tai  passes  into  the  atoid  solution.  Both  the 
fatty  acids  and  the  add  liquor  aie  then  examined 
in  the  manner.  J.  L. 

SOAP  BARK  and  SOAP- ROOT.  Suup-Urk 
is  the  bark  of  a  Chilean  rosaceous  tree,  Quillaja 
sapojuiria  (Mol.).  The  thin  black  dead  bark 
iiiut  i4»ually  been  almost  or  entirely  removed 


from  the  oommeroial  product,  which  consists 
mainly  or  exdnsivdly  of  the  heavy  white  layer 
of  iMst  which  glitters  with  or3'8tal8  of  calcium 

oxalate.  This  salt  is  mainly  resiKjiitiiblc  for 
the  larso  amount  (13  f  .c)  of  ash  present.  The 
bark  y^m  shaksn  up  with  water  yields  a  Irothy 
solution,  which  is  neutral  in  rcart-oTi,  nud  is 
used  in  cleaaiu^  cloth  when  it  is  important  to 
preserve  the  original  colours.  Tlie  eoMibifying 
substance  is  saponin  (a  collective  name  for  a 
croup  of  phicosides),  which  is  not  to.xic,  but  i^ 
acfornjianicd  by  two  iKiisons,  sa]>otoxin  and 
^uillsjio  acid.  iSaponin  is  widelv  distributed 
in  flowering  plants,  and  is  nsuslly  sstooiated 
with  toxic  substances.  Its  prr  >  :  <  i  i  ,  familiar 
in  a  number  of  caryophyllaccouti  plants  tx' longing 
to  the  genera  Saponaria,  Oypaophila^  DianUiut, 
Lychnis,  SiUnc,  and  otht-rs,  whose  underground 
parts  are  knowii  as  *  sottp-rovts.'  The  ordinary' 
(red)  soap-root  is  comixwed  of  imderground 
stems  ana  roots  of  the  snap-wort,  Saponaria 
officinalis  (Linn.);  the  (white)  soap-root  of 
Htmpary,  Mediterranean  countries,  tlie  Jx'vant, 
and  the  £ast,  is  composed  of  tho  peeled  roots  of 
vations  spedes  of  €fi/psophUa, 

SOAPSTONE  V.  Talc. 

90AP;WQRT.  Si^^onaria  qfficindu  v.  Scat- 

BABX. 

SOBREROL  p.  TBBTBJni, 

SOD  OIL  t .  DfeoRAS. 

SODA  (NATIVE)  v.  JfAmox  ^  Tkona. 

80DALITE.  A  rock-forming  mineral  of  tho 
composition  Na4(AlCl)Alj(SiO,)3  and  crystallis- 
ing in  the  cubic  system.  Other  mcmberji  of 
this  gr(>u}>  of  mini  rals  are  mentioned  in  the 
article  Lsfis-LAZLU.  It  iswhitetgrey,or  bright 
bhie  in  colour;  sp.gr.  2*3;  and  ocemrs  as  a  eoo> 
stituent  of  the  ignefHis  rock  sodalite-s\inite. 
At  Litchfield  in  Maine,  on  the  loo  liivcr  in 
Kootenay  Co.,  British  Columbia,  and  at  BSaoroft 
in  Hastings  Co..  Ontario,  large  masses  of  sky 
blue  to  deep  blue  sodalite  are  found.  At 
]^nm>ft  it  has  been  quarrit  d  in  some  quantity 
for  use  as  an  ornamental  stone  under  the 
trade-names  *PrinoeeB  Blue*  and  *Alomite.' 
Tile  material  takts  a  ^ood  polish,  and  has 
somewhat  the  appearance  of  marble,  but  it  is 
considerably  harder  (H.ssftl)  tlian  this. 

L.  J.  & 

SODA-NITRE  v.  Nitbatu(K. 
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